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I. INTRODUCTION AND QUALIFICATIONS 1 

 2 

Q. Please state your name, employer, and business address. 3 

A. My name is Aaron Anderson.  I am a senior mechanical engineer and project 4 

manager in the Renewable Energy Group at Burns & McDonnell Engineering 5 

Company, Inc. (“Burns & McDonnell”).  My business address is 9400 Ward Parkway, 6 

Kansas City, Missouri 64114. 7 

 8 

Q. Briefly describe your educational and professional background and your 9 

current work for Burns & McDonnell. 10 

A. I have undergraduate degrees in Physics and Mechanical Engineering, a master’s 11 

degree in Engineering Management, and I am a registered Professional Engineer in 12 

multiple states.  I have 13 years of professional experience and have been with 13 

Burns & McDonnell for 11 years.  As part of my responsibilities at Burns & 14 

McDonnell, I conduct shadow flicker analyses for proposed wind farms. 15 

 16 

I specialize in financial and engineering analyses of wind energy projects, and have 17 

directly managed nearly 20,000 megawatts of renewable energy development 18 

throughout the world.  A copy of my curriculum vitae is provided as Exhibit 1. 19 

 20 

II. PURPOSE OF TESTIMONY 21 

 22 

Q. What is Burns & McDonnell’s role, and your role, with respect to the Prevailing 23 

Wind Park Energy Facility (“Project”)? 24 

A. Burns & McDonnell was retained by Prevailing Wind Park, LLC (“Prevailing Wind 25 

Park”) to assist with permitting and noise modeling and to conduct a shadow flicker 26 

analysis for the Project.  I conducted shadow flicker modeling for the Project’s 27 

proposed layout and prepared the associated shadow flicker analysis, which is 28 

provided in Appendix N of the Project’s Facility Permit Application (“Application”). 29 

 30 
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Q. What is the purpose of your Direct Testimony? 31 

A. The purpose of my testimony is to discuss the methodology and the results of the 32 

shadow flicker modeling conducted for the Project. 33 

 34 

Q. What exhibits are attached to your Direct Testimony? 35 

A. The following exhibits are attached to my Direct Testimony: 36 

• Exhibit 1: Curriculum Vitae 37 

 38 

Q. Please identify the sections of the Application that you are sponsoring for the 39 

record. 40 

A. I am sponsoring the following sections of the Application: 41 

• Section 15.5: Shadow Flicker 42 

• Appendix N: Prevailing Wind Park Shadow Flicker Analysis  43 

 44 

III. SHADOW FLICKER AND APPLICABLE STANDARDS 45 

 46 

Q. Could you please explain what shadow flicker is? 47 

A. Yes.  Like any tall structure, wind turbines cast a shadow when the sun is visible.  48 

When the wind turbine blades rotate and pass in front of the sun, a flickering or 49 

flashing effect may occur when the shadows of the rotating blades cause alternating 50 

changes in light intensity at a given stationary location, a receptor, such as the 51 

window of a home.  This recurring change in light intensity is known as shadow 52 

flicker. 53 

  54 

Shadow flicker occurs only under very specific conditions.  For example, shadow 55 

flicker can only occur when the sun is shining and the turbine is in operation (i.e., 56 

when the turbine blades are rotating).  Moreover, shadow flicker is generally most 57 

notable when a turbine is facing a receptor, as this results in the widest-possible 58 

shadow being cast.  Shadow flicker intensity and frequency at a given receptor are 59 

determined by a number of interacting factors, such as sun position, wind direction, 60 

turbine and receptor locations, time of day, and other similar factors.  The intensity 61 
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of shadow flicker varies significantly with distance, and as separation between a 62 

turbine and receptor increases, shadow flicker intensity will generally diminish by a 63 

corresponding amount as shadows diffuse and become imperceptible. 64 

 65 

Q. Are you aware of any federal, state, or local shadow flicker regulations for the 66 

Project? 67 

A. Shadow flicker impacts are not currently regulated in applicable state or federal law, 68 

nor are there requirements in the current Charles Mix County or Hutchinson County 69 

ordinances.  The Bon Homme County ordinance also does not specify a standard, 70 

but indicates that the county may require the installation of a shadow flicker control 71 

system under certain circumstances. My understanding is that Prevailing Wind Park 72 

has committed to limit shadow flicker at non-participating residences in the Project 73 

Area to no more than 30 hours per year.  74 

 75 

IV. SHADOW FLICKER ASSESSMENT 76 

 77 

Q. What was the purpose of the shadow flicker modeling and analysis discussed 78 

in the Assessment included as Appendix N to the Application? 79 

A. The purpose of the shadow flicker analysis was to estimate the potential annual 80 

frequency of shadow flicker associated with the operation of the Project wind 81 

turbines at existing non-participating and participating occupied residences. 82 

 83 

Modeling was completed for two representative turbine models: GE 3.8-137 and 84 

Vestas V136-3.6.  Although up to 61 turbines are expected to be installed, modeling 85 

was conducted for each turbine model at all 63 potential turbine locations of the 86 

proposed configuration to ensure that any location selected has been considered in 87 

the shadow flicker analysis and represented in the results of such analysis.  88 

Modeling was done to assess shadow flicker durations at 138 receptors (i.e., 89 

residences) located in and around the Project Area. 90 

  91 
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Q. Could you provide an overview of the methodology used in conducting the 92 

shadow flicker modeling? 93 

A. I used WindPRO, an industry-leading software package for the design and planning 94 

of wind energy projects, to predict the expected amount of shadow flicker with 95 

respect to every wind turbine location.  The WindPRO software is able to incorporate 96 

the sun’s path, topography of the Project Site, locations of receptors and turbines, 97 

wind turbine specifications, and the anticipated wind speed and direction distribution 98 

to calculate shadow positions and orientations at one-minute intervals over a 99 

complete year.  The WindPRO model also utilizes topography data to consider any 100 

natural land features between a turbine and a receptor that may block shadows from 101 

being seen at a receptor.  Any shadow flicker caused by each turbine is then 102 

aggregated for each receptor for the entire year. 103 

 104 

I modeled two different turbine models, the GE 3.8-137 turbine model and the Vestas 105 

V136-3.6 turbine model, at each potential turbine location in the proposed layout.  106 

The GE 3.8-137 wind turbines were modeled with a rotor diameter of 137 meters 107 

and a hub height of 110 meters.  The Vestas V136-3.6 wind turbines were modeled 108 

with a rotor diameter of 136 meters and a hub height of 105 meters 109 

 110 

At distances beyond 10 rotor diameters, shadow flicker effects are generally 111 

considered low, as shadows diffuse and become imperceptible. Thus, a distance 112 

equal to 10 times the rotor diameter of each turbine (1,370 meters/4,495 feet for the 113 

GE 3.8-137 model and 1,360 meters/4,462 feet for the V136-3.6 model) was 114 

modeled as the maximum distance at which shadow flicker was considered relevant; 115 

receptors greater than this distance from a given turbine were not evaluated. 116 

 117 

Q. What assumptions were included in your model?  118 

A. My modeling was performed using a conservative approach, with some Project 119 

Area-specific conditions. For example, each receptor was modeled in “green house” 120 

mode, meaning each receptor was modeled as having windows on all sides and 121 
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effectively causing the home to be susceptible to flicker effects in all directions.  The 122 

model also accounted for topography.  123 

 124 

We first modeled all receptors without any consideration for obstacles. Obstacles 125 

located between a receptor and a turbine, such as trees or buildings, may reduce or 126 

eliminate the duration and/or intensity of shadow flicker. 127 

 128 

Second, we then included obstacles in the WindPRO model, including trees and 129 

outbuildings, for only those receptors that exceeded 30 flicker hours per year and/or 130 

30 minutes per day. Such receptors are indicated by an asterisk (*) in Appendix B 131 

and Appendix F of the Shadow Flicker Analysis, respectively. No obstacles were 132 

considered or modeled for any other receptors. 133 

 134 

I reviewed the obstacles near the applicable receptors and visually estimated the 135 

type and characteristics of each obstacle using publicly-available desktop aerial 136 

imagery.  Trees and groups of trees were assumed to be 12 meters tall, barns and 137 

other outbuildings were assumed to be 4 meters tall, and grain bins were assumed 138 

to be 6 meters tall.  Only obstacles in reasonable close proximity to a receptor (i.e., 139 

those that might be expected to influence flicker durations) were considered. 140 

 141 

Due to the conservative approach of the analysis, the actual duration and intensity 142 

of shadow flicker experienced at each receptor is expected to be less than those 143 

reported in the Shadow Flicker Analysis. 144 

 145 

Q. Could you summarize the results of the shadow flicker modeling? 146 

A. In the case of both turbine models considered for the proposed configuration, 3 of 147 

the 138 known receptors (one non-participant and two participants) exceed 30 hours 148 

per year of shadow flicker.  The one participant that is above 30 hours per year is 149 

Receptor 76 (“REC-076”) located in Charles Mix County.  With the V136-3.6 model, 150 

the modeled annual shadow flicker duration at this receptor is 33.93 hours.  With the 151 
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GE 3.8-137 model, the modeled annual shadow flicker duration at this receptor is 152 

34.73 hours.  153 

 154 

Q. You noted that your modeling assumed “green house” mode for each 155 

residence.  Do you believe that shadow flicker levels for Receptor 76 would be 156 

reduced if you re-ran the model for that receptor using realistic assumptions, 157 

e.g., actual window configuration instead of green house mode?  158 

A. Yes. I would expect the amount of shadow flicker to be reduced at Receptor 76 159 

under more realistic modeling assumptions.  For example, rather than modeling the 160 

home as having windows on all sides that are always perpendicular to the sun, actual 161 

window locations would be considered along with the actual angle of the sun. 162 

 163 

Q. Are there mitigation measures that can be employed to reduce shadow flicker? 164 

A. Yes.  Mitigation measures include, but are not limited to installation of exterior or 165 

interior screening and installation of vegatration, such as trees or bushes. 166 

 167 

V. CONCLUSION 168 

 169 

Q. Does this conclude your Direct Testimony? 170 

A. Yes.  171 

 172 

 173 

Dated this 30th day of May, 2018. 174 

 175 

 176 

___________________________  177 

Aaron Anderson 178 
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l')AARON ANDERSON, PE 
Senior Mechanical Engineer 

Aaron is a senior mechanical engineer and 

project manager in Burns & McDonnell's 
Renewable Energy Group, a top-5 firm in the 

wind industry according to Engineering News

Record. Mr. Anderson specializes in financial 

and engineering analyses of wind energy 
projects, and has directly managed nearly 

20,000 megawatts of renewable energy 
development throughout the world. Mr. 

Anderson holds undergraduate degrees in Physics and Mechanical 
Engineering, an M.S. in Engineering Management, and is a registered 

Professional Engineer in multiple states. 

Nimbus Wind Farm Permitting Studies I Scout Clean Energy 
Arkansas I 2018 

Exhibit A2-1 

EDUCATION 
► BS, Physics 
► BS, Mechanical Eng ineering 
► MS, Engineering Management 

REGISTRATIONS 
► Professional Engineer (KS, IL, Ml) 

11 YEARS W ITH BURNS & MCDONNELL 

13 YEARS OF EXPERIENCE 

Role: Aaron was Bums & McDonnell's project manager on an engagement to provide permitting-related consulting services 

during the development of the proposed Nimbus Wind Farm. These services included shadow flicker and noise assessment 

studies. The results of these studies were used by Scout to pursue special use permits for the project. Respo11sibilities: 
shadow flicker analysis and noise assessment study. 

Thunder Spirit II Wind Farm Owner's Engineer I ALLETE Clean Energy 
Adams County, North Dakota I 2018 
Role: Aaron was Bums & McDonnell's project manager on an owner's engineer assignment for ALLETE Clean Energy 
during the development, design, and construction of Phase 2 of the Thunder Spirit II Wind Farm. Respo11sibilities: shadow 

flicker study; noise assessment study; commercial negotiation support; contract exhibit preparation, including scope and 
specification development; detailed engineering reviews; project controls support; construction management support and 

power curve testing support. 

Lone Tree Wind Farm I Leeward Renewable Energy Development 
Illinois I 2017 
Role: Aaron was Bums & McDonnell' s project manager on an engagement to provide various consulting services to 
Leeward during the development of the proposed Lone Tree Wind Project. These services included shadow flicker 

evaluations, noise assessment studies, wind turbine siting support, transmission interconnection evaluations, and 

decommissioning evaluations. Bums & McDonnell also provided support during public hearings as the shadow flicker, noise 

assessment, and decommissioning studies were evaluated. Respo11sibilities: shadow flicker analysis; noise assessment study; 
GIS support and transmission interconnection studies; and decommissioning studies. 

Mendota Hills Wind Farm I Leeward Renewable Energy Development 
Illinois I 2017 
Role: Aaron was Bums & McDonnell's project manager on an engagement to provide various consulting services to 

Leeward during the proposed repower of their existing Mendota Hills Wind Project. These services included shadow flicker 
evaluations, noise assessment studies, wind turbine siting support, transmission interconnection evaluations, and 
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AARON ANDERSON, PE 
(continued) 
 

    
 

decommissioning evaluations. Burns & McDonnell also provided support during public hearings as the shadow flicker, noise 
assessment, and decommissioning studies were evaluated. Responsibilities: shadow flicker analysis; noise assessment study; 
GIS support and transmission interconnection studies; and decommissioning studies. 

Mill igan Wind Farm Permitting Studies |  Aksamit Resource Management 
Nebraska |  2016 
Role: Aaron was Burns & McDonnell’s project manager on an engagement to provide permitting-related consulting services 
during the development of the proposed Milligan Wind Farm. These services included shadow flicker and noise assessment 
studies. The results of these studies were used by Aksamit to pursue special use permits for the project. Responsibilities: 
shadow flicker analysis and noise assessment study. 

Prevail ing Winds Wind Farm Permitting Studies |  Prevail ing Winds, LLC 
South Dakota |  2016 
Role: Aaron was Burns & McDonnell’s project manager on an engagement to provide permitting-related consulting services 
during the development of the proposed Prevailing Winds Wind Farm. These services included shadow flicker and noise 
assessment studies. The results of these studies were used by the project company to pursue special use permits for the 
project, and Burns & McDonnell also provided support during public hearings as the shadow flicker and noise assessment 
studies were evaluated. Responsibilities: shadow flicker analysis and noise assessment study. 

Broken Bow 2 Wind Farm Owner’s Engineer |  Sempra U.S. Gas & Power 
Custer  County,  Nebraska |  2015 
Role: Aaron was Burns & McDonnell’s project manager on an owner’s engineer assignment for Sempra U.S. Gas & Power 
who was developing a 75-MW wind energy project in central Nebraska. Responsibilities: noise assessment studies; shadow 
flicker analyses; preparation and administration of the balance-of-plant contractor RFP; balance-of-plant evaluation and 
contractor selection; commercial negotiation support; contract exhibit preparation, including scope and specification 
development; detailed engineering reviews on all aspects of the project, including all engineering drawings and studies; 
project controls support; construction management support; and power curve testing support.  

Tucannon River Wind Farm Owner’s Engineer |  Portland General Electric 
Columbia County,  Washington |  2014  
Role: Aaron was a key technical and commercial consultant on an owner’s engineer assignment for Portland General Electric 
who was developing a 116-turbine, 267-MW wind energy project in Columbia County, Washington. Responsibilities: 
contractual negotiations support for the turbine supply, balance of plant, and service & maintenance agreements; detailed 
engineering reviews on all aspects of the project, including all engineering drawings and studies; shadow flicker evaluations; 
project controls support; and other related activities.  

Stoneray Wind Farm Shadow Flicker Study |  EDF 
Nebraska |  2013  
Role: Aaron was Burns & McDonnell’s project manager on an engagement to provide a shadow flicker evaluation during the 
development of the proposed Stoneray Wind Farm. Responsibilities: shadow flicker analysis. 
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1 

I. INTRODUCTION 1 

 2 

Q. Please state your name. 3 

A. My name is Aaron Anderson.   4 

 5 

Q. Did you provide Direct Testimony in this Docket? 6 

A. Yes.  I submitted direct testimony in this docket on May 30, 2018. 7 

 8 

Q. What is the purpose of your Rebuttal Testimony? 9 

A. The purpose of my Rebuttal Testimony is to provide an updated shadow flicker 10 

analysis to reflect a taller hub height for the proposed turbine and to model shadow 11 

flicker at nine (9) additional occupied residences that were identified in Prevailing 12 

Wind Park, LLC’s re-review of residences within and near the Prevailing Wind Park 13 

Project area, as described in Bridget Canty’s Rebuttal Testimony. 14 

 15 

Q. What exhibits are you attaching to your Rebuttal Testimony? 16 

A. Exhibit 1: Results of Updated Shadow Flicker Analysis.  17 

 18 

II. SHADOW FLICKER ANALYSIS UPDATE 19 

 20 

Q. Please describe the updates reflected in the updated shadow flicker analysis. 21 

A. There are two updates reflected in my updated shadow flicker analysis.  First, the 22 

analysis uses the GE 3.8-137 wind turbine with the 111.5 meter hub height in place 23 

of the 110 meter hub height.  Second, the analysis evaluates shadow flicker on 146 24 

occupied residences.  This includes the original 137 residences and the nine (9) 25 

additional residences identified during the September 2018 field review. 26 

 27 

Q. What are the results of your analysis? 28 

A. Attached as Exhibit 1 is a table showing the full results of my analysis. For summary 29 

purposes, a table identifying receptors that were modeled to exceed the shadow 30 

flicker commitments made by Prevailing Wind Park is included below.  For a 31 
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discussion of mitigation that Prevailing Wind Park will undertake with respect to 32 

shadow flicker, see the Rebuttal Testimony of Peter Pawlowski. 33 

 34 
Summary of Shadow Flicker Results 

Receptor Name Flicker Duration 
[hour/year] 

Flicker Duration 
[max 
minutes/day] 

Participating 
Status 

County Name 

076 33.90 51 Non-
Participating 

Charles Mix 

017 19.87 40 Non-
Participating 

Charles Mix 

024 6.20 31 Non-
Participating 

Charles Mix 

031 6.43 31 Non-
Participating 

Charles Mix 

070 8.80 36 Non-
Participating 

Charles Mix 

112 5.37 31 Non-
Participating 

Charles Mix 

149 7.35 31 Non-
Participating 

Charles Mix 

 35 

III. CONCLUSION 36 

 37 

Q. Does this conclude your Rebuttal Testimony? 38 

A. Yes. 39 

I I 
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Dated this 26th day of September, 2018. 40 

 41 
____________   42 

Aaron Anderson 43 
 44 
64846436 45 
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mt Name: 

.- /oject Name: 

BURNS~ M£DONNELL 

Prevailing Wind Park, LLC 

Prevaling Winds Wind Project 

Exhibit A3-1 
... 

Project Location: Charles Mix and Bonne Homme Counties, South Dakota 

Project Number: 105644 

Study Type: 

Client POC: 
Title: 
Address: 
Phone: 
Email: 

BMcD POC: 
Title: 
Address: 
Phone: 
Email: 

Disclaimers: 

) 

Shadow Flicker Assessment 

Bridget Canty 

Permitting Project Manager 

(831} 430-6326 

bcanty@spower.com 

Aaron Anderson P.E. 

Senior Project Manager, Renewable Energy Group 

9400 Ward Parkway, Kansas City, MO 64114 

(816) 823-6226 

aanderson@burnsmcd.com 

This document may have been prepared under, and only be available to parties that have executed, a 

Confidentiality Agreement ("CA") with Client. Any party to whom the contents are revealed or may come into 

possession of this document is required to request of Client if such CA exists. Any entity in possession of, or that 

reads or otherwise utilizes information herein, is assumed to have executed or otherwise be responsible and 

obligated to comply with the contents of such CA. Any entity in possession of this document shall hold and 

protect its contents in confidence and not share with others without prior written authorization from Client. 

In preparation of this analysis, Burns & McDonnell has relied upon information provided by third-party sources. 

While there is no reason to believe that the information provided is inaccurate or incomplete in any materia l 

respect, Burns & McDonnell has not independently verified such information and cannot guarantee or warrant 

its accuracy or completeness. 

Burns & McDonnell's estimates, analyses, and recommendations contained herein are based on professional 

experience, qualifications and judgment. Burns & McDonnell has no control over weather; cost and availability of 

labor/material/equipment; labor productivity; energy or commodity pricing; demand or usage; population 

demographics; market conditions; changes in technology; and other economic or political factors affecting such 

estimates, analyses, and recommendations. Thus, Burns & McDonnell makes no guarantee or warranty (actual, 

expressed or implied) that actual results will not vary from the estimates, analyses, and recommendations 

contained herein. 

This report is for the sole use, possession, and benefit of Client for the limited purpose as provided in the 

agreement between Client and Burns & McDonnell. Any use or reliance on the contents, information, 

conclusions, or opinions expressed herein by any other party or for any other use is strictly prohibited and is at 

that party's sole risk. Burns & McDonnell assumes no responsibility or liability for any unauthorized use. 

Version History: Version 6 I Issued 26-September-2018 I Author: Rose I Reviewer: Anderson 
Updated turbine layout and receptors. Previous versions issued with full report. 

PREVAILING WIND PARK, LLC I PREVALING W INDS WIND PROJECT I BMCD PROJECT 105644 

COPYRIGHT © 2018 BURNS & MCDONNELL ENGINEERING COMPANY, I NC. I 
TAB: Overview 
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WIND TURBINE COORDINATES - GE3.8-137     

Turbine
Number

Easting
[m]

Northing
[m]

Turbine
Model

Hub Height
[m]

1A.01 579,956 4,775,946 GE3.8-137 111.5
1A.02 580,807 4,775,443 GE3.8-137 111.5
1A.03 580,970 4,776,074 GE3.8-137 111.5
1A.04 580,259 4,777,725 GE3.8-137 111.5
1A.05 580,759 4,777,855 GE3.8-137 111.5
1A.06 581,221 4,778,640 GE3.8-137 111.5
1A.07 581,719 4,779,255 GE3.8-137 111.5
1B.08 579,428 4,778,668 GE3.8-137 111.5
1B.09 579,671 4,779,153 GE3.8-137 111.5
1B.10 580,170 4,780,211 GE3.8-137 111.5
1B.11 580,939 4,780,407 GE3.8-137 111.5
1B.12 580,170 4,781,359 GE3.8-137 111.5
1B.13 580,604 4,781,811 GE3.8-137 111.5
1B.14 580,727 4,782,275 GE3.8-137 111.5
2A.15 575,324 4,774,400 GE3.8-137 111.5
2A.16 575,201 4,775,693 GE3.8-137 111.5
2A.17 576,064 4,775,521 GE3.8-137 111.5
2A.18 576,650 4,776,014 GE3.8-137 111.5
2A.19 577,060 4,776,210 GE3.8-137 111.5
2A.20 577,580 4,776,426 GE3.8-137 111.5
2A.21 579,275 4,777,079 GE3.8-137 111.5
2B.22 574,404 4,774,437 GE3.8-137 111.5
2B.23 573,519 4,774,711 GE3.8-137 111.5
2B.24 572,179 4,774,804 GE3.8-137 111.5
2B.25 571,662 4,775,700 GE3.8-137 111.5
2B.26 571,219 4,774,346 GE3.8-137 111.5
2B.27 570,700 4,773,949 GE3.8-137 111.5
2B.28 570,639 4,774,959 GE3.8-137 111.5
3A.29 574,452 4,773,338 GE3.8-137 111.5
3A.30 573,634 4,773,249 GE3.8-137 111.5
3A.31 570,336 4,773,327 GE3.8-137 111.5
3A.32 568,781 4,773,724 GE3.8-137 111.5
3A.33 569,071 4,774,045 GE3.8-137 111.5
3A.34 568,691 4,775,793 GE3.8-137 111.5
3A.35 569,074 4,775,995 GE3.8-137 111.5
3A.36 569,026 4,777,349 GE3.8-137 111.5
3B.37 573,856 4,770,651 GE3.8-137 111.5
3B.38 571,896 4,770,015 GE3.8-137 111.5
3B.39 572,076 4,769,232 GE3.8-137 111.5
3B.40 572,380 4,771,753 GE3.8-137 111.5
3B.41 571,220 4,771,721 GE3.8-137 111.5
3B.42 570,763 4,771,308 GE3.8-137 111.5
3B.43 570,487 4,770,821 GE3.8-137 111.5
4A.44 575,275 4,769,819 GE3.8-137 111.5
4A.45 576,925 4,769,963 GE3.8-137 111.5
4A.46 576,997 4,769,043 GE3.8-137 111.5
4A.47 577,718 4,768,001 GE3.8-137 111.5
4A.48 576,805 4,767,428 GE3.8-137 111.5
4A.49 578,173 4,768,318 GE3.8-137 111.5
4B.50 579,886 4,767,974 GE3.8-137 111.5

PREVAILING WIND PARK, LLC | PREVALING WINDS WIND PROJECT | BMCD PROJECT 105644
COPYRIGHT © 2018 BURNS & MCDONNELL ENGINEERING COMPANY, INC. | 

TAB: TurbineCoord.v8
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WIND TURBINE COORDINATES - GE3.8-137     

Turbine
Number

Easting
[m]

Northing
[m]

Turbine
Model

Hub Height
[m]

4B.51 581,200 4,768,190 GE3.8-137 111.5
4B.52 581,716 4,768,536 GE3.8-137 111.5
4B.53 580,860 4,769,311 GE3.8-137 111.5
4B.54 579,755 4,766,668 GE3.8-137 111.5
4B.55 579,255 4,766,296 GE3.8-137 111.5
4B.56 578,787 4,765,862 GE3.8-137 111.5
4B.57 578,011 4,765,079 GE3.8-137 111.5
5A.58 571,464 4,768,160 GE3.8-137 111.5
5A.59 572,004 4,766,553 GE3.8-137 111.5
5A.60 570,006 4,766,129 GE3.8-137 111.5
5A.61 570,143 4,766,716 GE3.8-137 111.5
5A.62 571,597 4,766,151 GE3.8-137 111.5

Notes:
[1] All coordinates presented in UTM NAD83 Zone 14N (meters)
[2] All coordinates provided by Developer in "PWIND - 62x GE38137 111p5m v180925-02" on 20180925

PREVAILING WIND PARK, LLC | PREVALING WINDS WIND PROJECT | BMCD PROJECT 105644
COPYRIGHT © 2018 BURNS & MCDONNELL ENGINEERING COMPANY, INC. | 

TAB: TurbineCoord.v8
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RECEPTOR COORDINATES     

Receptor
Name

Easting
[ft]

Northing
[ft]

Participating
Status

County
Name

REC-001 583,179 4,781,949 Non-participating Hutchinson
REC-002 578,731 4,782,429 Participating Hutchinson
REC-003 580,507 4,783,274 Non-participating Hutchinson
REC-004 582,679 4,780,105 Non-participating Hutchinson
REC-005 583,327 4,778,397 Non-participating Bon Homme
REC-006 583,615 4,778,695 Non-participating Bon Homme
REC-007 579,386 4,783,172 Non-participating Hutchinson
REC-008 579,365 4,780,123 Non-participating Hutchinson
REC-009 582,486 4,779,597 Non-participating Bon Homme
REC-010 570,706 4,779,233 Non-participating Charles Mix
REC-011 568,955 4,779,050 Non-participating Charles Mix
REC-012 575,451 4,778,870 Non-participating Bon Homme
REC-013 570,834 4,777,924 Non-participating Charles Mix
REC-014 578,568 4,777,265 Non-participating Bon Homme
REC-015 578,579 4,777,228 Non-participating Bon Homme
REC-016 569,438 4,774,776 Participating Charles Mix
REC-017 568,000 4,773,684 Non-participating Charles Mix
REC-018 575,894 4,773,069 Participating Bon Homme
REC-019 568,870 4,772,838 Participating Charles Mix
REC-020 568,171 4,772,373 Non-participating Charles Mix
REC-021 574,123 4,771,642 Participating Bon Homme
REC-022 574,118 4,771,913 Non-participating Bon Homme
REC-023 567,115 4,771,132 Non-participating Charles Mix
REC-024 569,456 4,770,886 Non-participating Charles Mix
REC-025 582,410 4,770,691 Participating Bon Homme
REC-026 582,206 4,770,538 Non-participating Bon Homme
REC-027 569,451 4,770,123 Non-participating Charles Mix
REC-028 578,916 4,770,107 Participating Bon Homme
REC-029 567,890 4,769,897 Non-participating Charles Mix
REC-030 574,058 4,769,738 Non-participating Bon Homme
REC-031 571,038 4,769,100 Non-participating Charles Mix
REC-032 579,595 4,768,434 Participating Bon Homme
REC-033 574,388 4,768,112 Non-participating Bon Homme
REC-034 575,857 4,767,969 Non-participating Bon Homme
REC-035 568,988 4,768,088 Non-participating Charles Mix
REC-036 574,140 4,767,903 Non-participating Bon Homme
REC-037 580,535 4,767,956 Participating Bon Homme
REC-038 569,571 4,767,694 Non-participating Charles Mix
REC-039 575,754 4,767,512 Non-participating Bon Homme
REC-040 575,854 4,767,409 Non-participating Bon Homme
REC-041 577,366 4,767,429 Participating Bon Homme
REC-042 580,535 4,768,650 Non-participating Bon Homme
REC-043 582,314 4,767,105 Non-participating Bon Homme
REC-044 577,582 4,766,535 Participating Bon Homme
REC-045 580,460 4,766,528 Participating Bon Homme
REC-046 570,892 4,766,384 Participating Charles Mix
REC-047 576,072 4,766,099 Non-participating Bon Homme
REC-048 575,888 4,765,484 Non-participating Bon Homme
REC-049 579,136 4,765,004 Non-participating Bon Homme
REC-050 575,594 4,764,878 Participating Bon Homme
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RECEPTOR COORDINATES     

Receptor
Name

Easting
[ft]

Northing
[ft]

Participating
Status

County
Name

REC-051 577,015 4,764,806 Participating Bon Homme
REC-052 571,035 4,764,976 Non-participating Charles Mix
REC-053 575,752 4,763,554 Non-participating Bon Homme
REC-054 579,261 4,763,509 Non-participating Bon Homme
REC-055 575,738 4,763,383 Non-participating Bon Homme
REC-056 578,784 4,763,423 Non-participating Bon Homme
REC-057 575,729 4,763,021 Non-participating Bon Homme
REC-058 574,690 4,762,906 Non-participating Bon Homme
REC-059 574,609 4,762,765 Non-participating Bon Homme
REC-060 575,719 4,763,759 Non-participating Bon Homme
REC-061 566,590 4,774,005 Non-participating Charles Mix
REC-062 566,795 4,771,446 Non-participating Charles Mix
REC-063 567,576 4,773,523 Non-participating Charles Mix
REC-064 568,170 4,775,222 Non-participating Charles Mix
REC-065 568,402 4,770,548 Non-participating Charles Mix
REC-066 569,475 4,776,605 Participating Charles Mix
REC-067 569,782 4,765,374 Non-participating Charles Mix
REC-068 570,301 4,776,152 Non-participating Charles Mix
REC-069 570,321 4,776,086 Non-participating Charles Mix
REC-070 570,931 4,767,169 Non-participating Charles Mix
REC-071 571,247 4,765,598 Non-participating Charles Mix
REC-072 571,848 4,767,001 Participating Charles Mix
REC-073 572,712 4,764,371 Non-participating Charles Mix
REC-074 572,760 4,768,610 Non-participating Bon Homme
REC-075 572,875 4,775,184 Participating Charles Mix
REC-076 573,024 4,775,138 Non-participating Charles Mix
REC-077 573,104 4,767,559 Non-participating Bon Homme
REC-078 572,690 4,764,270 Non-participating Charles Mix
REC-079 572,840 4,766,532 Participating Charles Mix
REC-080 574,527 4,771,635 Participating Bon Homme
REC-081 574,606 4,772,084 Participating Bon Homme
REC-082 575,265 4,775,117 Participating Bon Homme
REC-083 575,384 4,771,696 Participating Bon Homme
REC-084 575,460 4,773,772 Participating Bon Homme
REC-085 576,210 4,770,611 Participating Bon Homme
REC-086 576,538 4,765,598 Participating Bon Homme
REC-087 576,971 4,770,447 Participating Bon Homme
REC-088 577,660 4,765,661 Participating Bon Homme
REC-089 577,747 4,768,860 Participating Bon Homme
REC-090 577,878 4,764,079 Non-participating Bon Homme
REC-091 577,916 4,763,844 Non-participating Bon Homme
REC-092 578,532 4,767,119 Participating Bon Homme
REC-093 578,576 4,778,619 Participating Bon Homme
REC-094 578,515 4,776,677 Participating Bon Homme
REC-095 578,804 4,764,275 Non-participating Bon Homme
REC-096 578,828 4,768,793 Non-participating Bon Homme
REC-097 578,943 4,770,455 Non-participating Bon Homme
REC-098 579,475 4,767,289 Non-participating Bon Homme
REC-099 579,721 4,762,442 Participating Bon Homme
REC-100 580,720 4,765,706 Non-participating Bon Homme
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RECEPTOR COORDINATES     

Receptor
Name

Easting
[ft]

Northing
[ft]

Participating
Status

County
Name

REC-101 580,992 4,762,541 Non-participating Bon Homme
REC-102 581,560 4,763,175 Non-participating Bon Homme
REC-103 581,721 4,767,420 Participating Bon Homme
REC-104 581,794 4,770,381 Non-participating Bon Homme
REC-105 581,891 4,769,063 Non-participating Bon Homme
REC-106 581,883 4,766,985 Participating Bon Homme
REC-107 582,090 4,770,568 Non-participating Bon Homme
REC-108 582,148 4,764,102 Participating Bon Homme
REC-109 582,610 4,767,583 Non-participating Bon Homme
REC-110 583,963 4,770,430 Non-participating Bon Homme
REC-111 582,578 4,767,332 Non-participating Bon Homme
REC-112 570,034 4,777,429 Non-participating Charles Mix
REC-113 580,226 4,778,670 Participating Bon Homme
REC-114 580,644 4,779,066 Participating Bon Homme
REC-115 580,813 4,776,798 Participating Bon Homme
REC-116 581,676 4,775,654 Participating Bon Homme
REC-117 579,368 4,775,404 Participating Bon Homme
REC-118 580,095 4,784,337 Non-participating Hutchinson
REC-119 581,868 4,783,246 Non-participating Hutchinson
REC-120 582,411 4,781,467 Non-participating Hutchinson
REC-121 582,256 4,783,055 Non-participating Hutchinson
REC-122 582,261 4,777,793 Participating Bon Homme
REC-123 581,461 4,785,646 Non-participating Hutchinson
REC-124 577,505 4,781,336 Non-participating Hutchinson
REC-125 580,996 4,773,976 Non-participating Bon Homme
REC-126 580,916 4,774,830 Participating Bon Homme
REC-127 581,474 4,775,076 Participating Bon Homme
REC-128 581,468 4,774,997 Participating Bon Homme
REC-129 576,816 4,779,814 Non-participating Bon Homme
REC-130 567,502 4,781,060 Non-participating Charles Mix
REC-131 568,850 4,781,446 Non-participating Charles Mix
REC-132 570,408 4,783,811 Non-participating Charles Mix
REC-133 570,806 4,783,497 Non-participating Charles Mix
REC-134 570,845 4,782,153 Non-participating Charles Mix
REC-135 573,665 4,780,153 Non-participating Charles Mix
REC-136 579,049 4,772,150 Non-participating Bon Homme
REC-137 579,104 4,772,978 Non-participating Bon Homme
REC-138 573,105 4,772,224 Participating Bon Homme
REC-139 569,781 4,772,134 Non-participating Charles Mix
REC-140 580,689 4,768,952 Non-participating Bon Homme
REC-141 577,130 4,782,270 Non-participating Hutchinson
REC-142 584,340 4,769,093 Non-participating Bon Homme
REC-143 582,522 4,766,643 Non-participating Bon Homme
REC-144 582,964 4,764,514 Non-participating Bon Homme
REC-145 568,186 4,765,929 Non-participating Charles Mix
REC-146 576,221 4,771,527 Participating Bon Homme
REC-147 575,778 4,770,361 Participating Bon Homme
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RECEPTOR COORDINATES     

Receptor
Name

Easting
[ft]

Northing
[ft]

Participating
Status

County
Name

REC-148 568,806 4,770,128 Non-participating Charles Mix
REC-149 567,763 4,773,526 Non-participating Charles Mix

Notes:
[1] All coordinates presented in UTM NAD83 Zone 14N (meters)
[2] Coordinates provided by Developer in "RECEPTORS-OCCUPIED.KMZ" and through field investigation data provided 20180920
[3] Receptor description provided by client
[4] ReceptorCoord updated with REC-138 in v2

[5] ReceptorCoord in v4 did not change from v2

[6] Participating status provided by Developer in "Prevailing Winds - Homes on Leased Land" dated 20180516
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WIND SPEED FREQUENCY DISTRIBUTION - 111.5 MAGL

Bin Wind Direction [degrees]
[m/s] 0 30 60 90 120 150 180 210 240 270 300 330

0 11.63 9.15 7.94 7.92 7.53 7.80 8.96 5.46 5.14 5.35 10.68 12.43
1 11.51 9.25 11.54 9.35 8.16 4.89 3.58 8.52 9.42 9.91 10.83 10.20
2 20.70 20.13 20.43 17.93 15.71 12.23 10.56 15.50 18.48 21.81 17.68 17.72
3 33.22 34.35 34.95 33.11 29.54 23.68 20.09 29.61 31.54 34.00 27.44 29.54
4 52.15 56.03 57.94 55.29 52.65 35.96 28.99 46.16 45.04 55.74 46.51 48.70
5 72.48 70.20 75.20 70.95 67.65 50.49 38.48 52.72 57.06 64.37 57.02 66.18
6 81.89 83.87 81.78 85.27 89.90 69.52 50.15 62.29 68.49 78.41 65.81 71.98
7 96.59 95.00 98.95 97.99 102.77 81.21 57.90 72.27 81.10 84.11 76.67 81.19
8 102.03 89.37 95.39 101.36 101.50 88.94 76.50 77.23 90.82 89.96 84.70 86.32
9 104.00 95.04 105.73 95.63 101.91 103.82 97.70 99.43 98.02 93.31 87.28 87.37

10 91.57 103.26 106.21 98.09 107.43 111.11 107.15 107.33 109.89 102.07 92.31 92.86
11 90.03 91.21 95.97 96.93 95.27 114.82 130.43 109.07 110.93 99.29 95.28 86.57
12 72.68 71.41 72.31 78.47 80.22 97.90 124.26 102.86 90.53 86.11 87.42 81.99
13 55.36 56.78 53.37 59.24 59.95 78.28 104.76 87.84 71.31 62.37 69.16 65.63
14 40.54 40.48 33.32 40.20 39.37 55.87 69.60 59.70 50.90 49.04 54.02 47.97
15 26.30 27.72 22.60 26.65 21.13 36.25 35.80 31.98 30.57 26.73 37.69 36.57
16 19.06 18.47 13.08 15.28 9.32 19.23 22.26 18.43 15.66 18.46 25.87 26.87
17 11.91 12.71 6.83 7.28 6.69 7.58 10.69 7.61 7.57 10.26 20.54 20.48
18 7.90 10.59 5.39 4.48 4.71 4.06 6.00 3.14 4.30 6.27 14.83 13.39
19 4.72 6.88 3.08 2.84 3.40 1.52 3.19 2.30 3.12 2.14 8.86 10.20
20 2.26 4.50 2.50 1.45 1.01 0.64 0.68 1.54 1.78 2.07 6.90 6.91
21 1.57 1.50 1.73 1.40 0.96 0.54 0.30 0.56 1.11 1.50 4.82 4.08
22 0.62 0.63 0.58 0.53 0.25 0.20 0.13 0.70 0.82 1.07 3.11 3.07
23 0.46 0.25 0.48 0.05 0.30 0.15 0.21 0.63 0.97 0.71 2.22 1.69
24 0.26 0.04 0.29 0.19 0.15 0.20 0.04 0.63 0.15 0.14 1.47 0.98
25 0.16 0.04 0.14 0.05 0.05 0.15 0.26 0.77 0.15 0.00 1.04 0.74
26 0.00 0.13 0.14 0.00 0.00 0.10 0.21 0.28 0.07 0.07 0.39 0.40
27 0.03 0.13 0.10 0.00 0.00 0.29 0.04 0.21 0.00 0.07 0.14 0.25
28 0.00 0.04 0.00 0.00 0.00 0.29 0.04 0.28 0.00 0.00 0.04 0.09
29 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.14 0.00 0.00 0.00 0.06
30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.21 0.15 0.00 0.00 0.00
31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00
33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sum 1012 1009 1008 1008 1008 1008 1009 1005 1005 1005 1011 1012

Notes:

[1] All data provided by sPower via “Prevailing Winds Site Average.windog”

[2] All data presented in milles for period from September 20, 2013 to September 13, 2018

[3] All data presented at 111.5 magl
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SUNSHINE PROBABILITY DATA

Figure 1: Monthly Sunshine Probability for Wagner, South Dakota

Table 1: Monthly Sunshine Probability for Wagner, South Dakota

Month
Avg Possible

Sunshine
January 58%

February 58%
March 59%
April 60%
May 63%
June 69%
July 74%

August 72%
September 68%

October 65%
November 50%
December 50%

Notes:
[1] Data source: http://www.city-data.com/city/Wagner-South-Dakota.html
[2] Data location: Wagner, South Dakota
[3] Data in Table 1 estimated by Burns & McDonnell from source data in Figure 1
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GE 3.8-137 POWER CURVE

Wind Speed
[m/s]

Power
[kW]

0.0 0
0.5 0
1.0 0
1.5 0
2.0 0
2.5 0
3.0 14
3.5 88
4.0 179
4.5 295
5.0 434
5.5 596
6.0 786
6.5 1009
7.0 1269
7.5 1567
8.0 1906
8.5 2280
9.0 2648
9.5 2980

10.0 3284
10.5 3567
11.0 3776
11.5 3830
12.0 3830
12.5 3830
13.0 3830
13.5 3830
14.0 3830
14.5 3830
15.0 3830
15.5 3830
16.0 3830
16.5 3830
17.0 3830
17.5 3830
18.0 3830
18.5 3830
19.0 3830
19.5 3830
20.0 3830
20.5 3830
21.0 3830
21.5 3830
22.0 3830
22.5 3830
23.0 3830
23.5 3830
24.0 3830
24.5 3830
25.0 3830

Notes:
[1] Power curve for air density of 1.16 kg/m3 and site specific TI band

[2] All data provided by sPower via "Site Specific Power Curve - PCD_1206271_PrevailingWind_3.8-137_EN_r01"
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SHADOW FLICKER RESULTS - SORTED BY RECEPTOR ID - GE3.8-137       

Receptor
Name

Easting
[m]

Northing
[m]

Flicker Duration
[hour/year]

Flicker Duration
[max minutes/day]

Participating
Status

County
Name

REC-001 583,179 4,781,949 0.00 0 Non-participating Hutchinson
REC-002 578,731 4,782,429 0.00 0 Participating Hutchinson
REC-003 580,507 4,783,274 0.00 0 Non-participating Hutchinson
REC-004 582,679 4,780,105 5.67 27 Non-participating Hutchinson
REC-005 583,327 4,778,397 0.00 0 Non-participating Bon Homme
REC-006 583,615 4,778,695 0.00 0 Non-participating Bon Homme
REC-007 579,386 4,783,172 0.00 0 Non-participating Hutchinson
REC-008 579,365 4,780,123 11.02 39 Non-participating Hutchinson
REC-009 582,486 4,779,597 9.22 38 Non-participating Bon Homme
REC-010 570,706 4,779,233 0.00 0 Non-participating Charles Mix
REC-011 568,955 4,779,050 0.00 0 Non-participating Charles Mix
REC-012 575,451 4,778,870 0.00 0 Non-participating Bon Homme
REC-013 570,834 4,777,924 0.00 0 Non-participating Charles Mix
REC-014 578,568 4,777,265 12.22 43 Non-participating Bon Homme
REC-015 578,579 4,777,228 12.83 44 Non-participating Bon Homme
REC-016 569,438 4,774,776 4.80 27 Participating Charles Mix
REC-017 568,000 4,773,684 19.87 40 Non-participating Charles Mix
REC-018 575,894 4,773,069 0.00 0 Participating Bon Homme
REC-019 568,870 4,772,838 0.00 0 Participating Charles Mix
REC-020 568,171 4,772,373 0.00 0 Non-participating Charles Mix
REC-021 574,123 4,771,642 0.00 0 Participating Bon Homme
REC-022 574,118 4,771,913 0.00 0 Non-participating Bon Homme
REC-023 567,115 4,771,132 0.00 0 Non-participating Charles Mix
REC-024 569,456 4,770,886 6.20 31 Non-participating Charles Mix
REC-025 582,410 4,770,691 0.00 0 Participating Bon Homme
REC-026 582,206 4,770,538 0.00 0 Non-participating Bon Homme
REC-027 569,451 4,770,123 0.00 0 Non-participating Charles Mix
REC-028 578,916 4,770,107 0.00 0 Participating Bon Homme
REC-029 567,890 4,769,897 0.00 0 Non-participating Charles Mix
REC-030 574,058 4,769,738 3.57 25 Non-participating Bon Homme
REC-031 571,038 4,769,100 6.43 31 Non-participating Charles Mix
REC-032 579,595 4,768,434 9.67 45 Participating Bon Homme
REC-033 574,388 4,768,112 0.00 0 Non-participating Bon Homme
REC-034 575,857 4,767,969 0.00 0 Non-participating Bon Homme
REC-035 568,988 4,768,088 0.00 0 Non-participating Charles Mix
REC-036 574,140 4,767,903 0.00 0 Non-participating Bon Homme
REC-037 580,535 4,767,956 0.00 0 Participating Bon Homme
REC-038 569,571 4,767,694 0.00 0 Non-participating Charles Mix
REC-039 575,754 4,767,512 0.00 0 Non-participating Bon Homme
REC-040 575,854 4,767,409 7.42 34 Non-participating Bon Homme
REC-041 577,366 4,767,429 22.70 55 Participating Bon Homme
REC-042 580,535 4,768,650 28.00 53 Non-participating Bon Homme
REC-043 582,314 4,767,105 0.00 0 Non-participating Bon Homme
REC-044 577,582 4,766,535 0.00 0 Participating Bon Homme
REC-045 580,460 4,766,528 18.48 45 Participating Bon Homme
REC-046 570,892 4,766,384 46.25 76 Participating Charles Mix
REC-047 576,072 4,766,099 0.00 0 Non-participating Bon Homme
REC-048 575,888 4,765,484 0.00 0 Non-participating Bon Homme
REC-049 579,136 4,765,004 4.85 27 Non-participating Bon Homme
REC-050 575,594 4,764,878 0.00 0 Participating Bon Homme

PREVAILING WIND PARK, LLC | PREVALING WINDS WIND PROJECT | BMCD PROJECT 105644
COPYRIGHT © 2018 BURNS & MCDONNELL ENGINEERING COMPANY, INC. | 

TAB: Results.v6.62xGE3.8
PAGE 11/14

EXHIBIT A3-1

 
013884



SHADOW FLICKER RESULTS - SORTED BY RECEPTOR ID - GE3.8-137       

Receptor
Name

Easting
[m]

Northing
[m]

Flicker Duration
[hour/year]

Flicker Duration
[max minutes/day]

Participating
Status

County
Name

REC-051 577,015 4,764,806 8.20 32 Participating Bon Homme
REC-052 571,035 4,764,976 0.00 0 Non-participating Charles Mix
REC-053 575,752 4,763,554 0.00 0 Non-participating Bon Homme
REC-054 579,261 4,763,509 0.00 0 Non-participating Bon Homme
REC-055 575,738 4,763,383 0.00 0 Non-participating Bon Homme
REC-056 578,784 4,763,423 0.00 0 Non-participating Bon Homme
REC-057 575,729 4,763,021 0.00 0 Non-participating Bon Homme
REC-058 574,690 4,762,906 0.00 0 Non-participating Bon Homme
REC-059 574,609 4,762,765 0.00 0 Non-participating Bon Homme
REC-060 575,719 4,763,759 0.00 0 Non-participating Bon Homme
REC-061 566,590 4,774,005 0.00 0 Non-participating Charles Mix
REC-062 566,795 4,771,446 0.00 0 Non-participating Charles Mix
REC-063 567,576 4,773,523 5.02 27 Non-participating Charles Mix
REC-064 568,170 4,775,222 0.00 0 Non-participating Charles Mix
REC-065 568,402 4,770,548 0.00 0 Non-participating Charles Mix
REC-066 569,475 4,776,605 0.00 0 Participating Charles Mix
REC-067 569,782 4,765,374 0.00 0 Non-participating Charles Mix
REC-068 570,301 4,776,152 3.13 24 Non-participating Charles Mix
REC-069 570,321 4,776,086 3.20 24 Non-participating Charles Mix
REC-070 570,931 4,767,169 8.80 36 Non-participating Charles Mix
REC-071 571,247 4,765,598 11.72 25 Non-participating Charles Mix
REC-072 571,848 4,767,001 0.00 0 Participating Charles Mix
REC-073 572,712 4,764,371 0.00 0 Non-participating Charles Mix
REC-074 572,760 4,768,610 0.00 0 Non-participating Bon Homme
REC-075 572,875 4,775,184 20.17 42 Participating Charles Mix
REC-076 573,024 4,775,138 33.90 51 Non-participating Charles Mix
REC-077 573,104 4,767,559 0.00 0 Non-participating Bon Homme
REC-078 572,690 4,764,270 0.00 0 Non-participating Charles Mix
REC-079 572,840 4,766,532 0.00 0 Participating Charles Mix
REC-080 574,527 4,771,635 0.00 0 Participating Bon Homme
REC-081 574,606 4,772,084 0.00 0 Participating Bon Homme
REC-082 575,265 4,775,117 8.75 31 Participating Bon Homme
REC-083 575,384 4,771,696 0.00 0 Participating Bon Homme
REC-084 575,460 4,773,772 4.85 29 Participating Bon Homme
REC-085 576,210 4,770,611 0.00 0 Participating Bon Homme
REC-086 576,538 4,765,598 0.00 0 Participating Bon Homme
REC-087 576,971 4,770,447 0.00 0 Participating Bon Homme
REC-088 577,660 4,765,661 5.57 28 Participating Bon Homme
REC-089 577,747 4,768,860 24.83 42 Participating Bon Homme
REC-090 577,878 4,764,079 0.00 0 Non-participating Bon Homme
REC-091 577,916 4,763,844 0.00 0 Non-participating Bon Homme
REC-092 578,532 4,767,119 3.78 24 Participating Bon Homme
REC-093 578,576 4,778,619 20.83 37 Participating Bon Homme
REC-094 578,515 4,776,677 12.23 38 Participating Bon Homme
REC-095 578,804 4,764,275 0.00 0 Non-participating Bon Homme
REC-096 578,828 4,768,793 22.47 54 Non-participating Bon Homme
REC-097 578,943 4,770,455 0.00 0 Non-participating Bon Homme
REC-098 579,475 4,767,289 0.00 0 Non-participating Bon Homme
REC-099 579,721 4,762,442 0.00 0 Participating Bon Homme
REC-100 580,720 4,765,706 0.00 0 Non-participating Bon Homme
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SHADOW FLICKER RESULTS - SORTED BY RECEPTOR ID - GE3.8-137       

Receptor
Name

Easting
[m]

Northing
[m]

Flicker Duration
[hour/year]

Flicker Duration
[max minutes/day]

Participating
Status

County
Name

REC-101 580,992 4,762,541 0.00 0 Non-participating Bon Homme
REC-102 581,560 4,763,175 0.00 0 Non-participating Bon Homme
REC-103 581,721 4,767,420 0.00 0 Participating Bon Homme
REC-104 581,794 4,770,382 0.00 0 Non-participating Bon Homme
REC-105 581,891 4,769,063 0.00 0 Non-participating Bon Homme
REC-106 581,883 4,766,985 0.00 0 Participating Bon Homme
REC-107 582,090 4,770,568 0.00 0 Non-participating Bon Homme
REC-108 582,148 4,764,102 0.00 0 Participating Bon Homme
REC-109 582,610 4,767,583 0.00 0 Non-participating Bon Homme
REC-110 583,963 4,770,430 0.00 0 Non-participating Bon Homme
REC-111 582,578 4,767,332 0.00 0 Non-participating Bon Homme
REC-112 570,034 4,777,429 5.37 31 Non-participating Charles Mix
REC-113 580,226 4,778,670 5.92 31 Participating Bon Homme
REC-114 580,644 4,779,066 32.80 46 Participating Bon Homme
REC-115 580,813 4,776,798 1.73 17 Participating Bon Homme
REC-116 581,676 4,775,654 0.00 0 Participating Bon Homme
REC-117 579,368 4,775,404 0.00 0 Participating Bon Homme
REC-118 580,095 4,784,337 0.00 0 Non-participating Hutchinson
REC-119 581,868 4,783,246 0.00 0 Non-participating Hutchinson
REC-120 582,411 4,781,467 0.00 0 Non-participating Hutchinson
REC-121 582,256 4,783,055 0.00 0 Non-participating Hutchinson
REC-122 582,261 4,777,793 0.00 0 Participating Bon Homme
REC-123 581,461 4,785,646 0.00 0 Non-participating Hutchinson
REC-124 577,505 4,781,336 0.00 0 Non-participating Hutchinson
REC-125 580,996 4,773,976 0.00 0 Non-participating Bon Homme
REC-126 580,916 4,774,830 0.00 0 Participating Bon Homme
REC-127 581,474 4,775,076 0.00 0 Participating Bon Homme
REC-128 581,468 4,774,997 0.00 0 Participating Bon Homme
REC-129 576,816 4,779,814 0.00 0 Non-participating Bon Homme
REC-130 567,502 4,781,060 0.00 0 Non-participating Charles Mix
REC-131 568,850 4,781,446 0.00 0 Non-participating Charles Mix
REC-132 570,408 4,783,811 0.00 0 Non-participating Charles Mix
REC-133 570,806 4,783,497 0.00 0 Non-participating Charles Mix
REC-134 570,845 4,782,153 0.00 0 Non-participating Charles Mix
REC-135 573,665 4,780,153 0.00 0 Non-participating Charles Mix
REC-136 579,049 4,772,150 0.00 0 Non-participating Bon Homme
REC-137 579,104 4,772,978 0.00 0 Non-participating Bon Homme
REC-138 573,105 4,772,224 0.00 0 Participating Bon Homme
REC-139 569,781 4,772,134 6.15 26 Non-participating Charles Mix
REC-140 580,689 4,768,952 5.27 29 Non-participating Bon Homme
REC-141 577,130 4,782,270 0.00 0 Non-participating Hutchinson
REC-142 584,340 4,769,093 0.00 0 Non-participating Bon Homme
REC-143 582,522 4,766,643 0.00 0 Non-participating Bon Homme
REC-144 582,964 4,764,514 0.00 0 Non-participating Bon Homme
REC-145 568,186 4,765,929 0.00 0 Non-participating Charles Mix
REC-146 576,221 4,771,527 0.00 0 Participating Bon Homme
REC-147 575,778 4,770,361 15.03 43 Participating Bon Homme
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SHADOW FLICKER RESULTS - SORTED BY RECEPTOR ID - GE3.8-137       

Receptor
Name

Easting
[m]

Northing
[m]

Flicker Duration
[hour/year]

Flicker Duration
[max minutes/day]

Participating
Status

County
Name

REC-148 568,806 4,770,128 0.00 0 Non-participating Charles Mix
REC-149 567,763 4,773,526 7.35 31 Non-participating Charles Mix

Notes:
[1] All coordinates presented in UTM NAD83 Zone 14N (meters)
[2] All results based on GE3.8-137 layout
[3] Obstacles modeled for certain receptor locations noted in version 5c of the full report dated 20180529
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DISCLAIMERS 

This report may have been prepared under, and only be available to parties that have executed, a 

Confidentiality Agreement with Developer. Any party to whom the contents are revealed or may come 

into possession of this document is required to request of Developer if such Confidentiality Agreement 

exists. Any entity in possession of, or that reads or otherwise utilizes information herein, is assumed to 

have executed or otherwise be responsible and obligated to comply with the contents of such 

Confidentiality Agreement. Any entity in possession of this document shall hold and protect its contents, 

information, forecasts, and opinions contained herein in confidence and not share with others without 

prior written authorization from Developer. 

In preparation of this report, Burns & McDonnell has relied upon information provided by Developer and 

other third-party sources. While there is no reason to believe that the information provided is inaccurate 

or incomplete in any material respect, Burns & McDonnell has not independently verified such 

information and cannot guarantee or warranty its accuracy or completeness. 

Burns & McDonnell’s estimates, analyses, and recommendations contained in this report are based on 

professional experience, qualifications, and judgment. Burns & McDonnell has no control over weather; 

cost and availability of labor, material, and equipment; labor productivity; energy or commodity pricing; 

demand or usage; population demographics; market conditions; changes in technology; and other 

economic or political factors affecting such estimates, analyses, and recommendations. Therefore, Burns 

& McDonnell makes no guarantee or warranty (actual, expressed, or implied) that actual results will not 

vary, perhaps significantly, from the estimates, analyses, and recommendations contained herein. 

Burns & McDonnell has not been engaged to render legal services. The services Burns & McDonnell 

provides occasionally require the review of legal documents, statutes, cases, regulatory guides, and 

related matters. The opinions, analysis, and representations made in this report should not be construed to 

be legal advice or legal opinion concerning any document produced or reviewed. These documents and 

the decisions made in reliance of these documents may have serious legal consequences. Legal advice, 

opinion, and counsel must be sought from a competent and knowledgeable attorney. 

This report is for the sole use, possession, and benefit of Developer for the limited purpose as provided in 

the agreement between Developer and Burns & McDonnell. Any use or reliance on the contents, 

information, conclusions, or opinions expressed herein by any other party or for any other use is strictly 

prohibited and is at that party’s sole risk. Burns & McDonnell assumes no responsibility or liability for 

any unauthorized use.  
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REVISION HISTORY 

Rev Issue Date Release Notes 

0 03-Apr-2018 Original release 

1 09-Apr-2018 Revised wind turbine layout, incorporated client comments 
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3 16-Apr-2018 Revised wind turbine layout 

4 27-Apr-2018 Revised wind turbine layout 

5 25-May-2018 Included obstacles at select locations; added participant status to receptors 

5a 27-May-2018 Revised Table 3-1, added Table 3-2 

5b 28-May-2018 Incorporated client comments 

5c 29-May-2018 Incorporated client comments 

6 03-Oct-2018 Updated for new turbine layout; added receptor locations; GE3.8-137 layout 

6a 04-Oct-2018 Incorporated client comments 
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1.0 INTRODUCTION 

1.1 Study Overview 

Burns & McDonnell Engineering Company, Inc. (“Burns & McDonnell”) was retained by Prevailing 

Wind Park, LLC (“Developer”) to conduct a shadow flicker analysis (the “Study”) for the proposed 

Prevailing Wind Park (the “Project”). The objective of the Study was to estimate the annual frequency of 

shadow flicker on occupied residences caused by Project wind turbines. No attempt was made in this 

Study to examine or opine on health effects related to shadow flicker. 

1.2 Project Overview 

The proposed Prevailing Wind Park will be located in Bon Homme, Charles Mix, and Hutchinson 

Counties in South Dakota, approximately 10 miles east of the town of Wagner and approximately 75 

miles southwest of the city of Sioux Falls, South Dakota (the “Project Site”). The Project will consist of 

up to 61 wind turbines with a maximum nameplate capacity of up to 219.6 megawatts (“MW”), although 

output at the point of interconnection will be limited to a maximum of 200 MW. The General Electric 

(“GE”) 3.8-137 with a 111.5-meter hub height turbine model was considered as part of this Study. 

A map showing the general location and configuration of the Project Site is included as Appendix A. For 

purposes of this Study, a total of 62 turbine positions were evaluated, although only up to 61 turbines are 

expected to be installed. 

1.3 Shadow Flicker Overview 

Shadow flicker occurs when wind turbine blades pass in front of the sun to create recurring shadows on 

an object. Such shadows occur only under very specific conditions, including sun position, wind 

direction, time of day, and other similar factors. 

The intensity of shadow flicker varies significantly with distance, and as separation between a turbine and 

receptor increases, shadow flicker intensity correspondingly diminishes. Shadow flicker intensity for 

distances greater than 10 rotor diameters (i.e., 1370 meters) is generally low and considered 

imperceptible. At such distances, shadow flicker is typically only caused at sunrise or sunset, when cast 

shadows are sufficiently long. 

Shadow flicker impacts are not currently regulated in applicable state or federal law, nor are there 

requirements in the current Charles Mix County (SD) or Hutchinson County (SD) ordinances. Section 

1741 of the Bon Homme County (SD) zoning ordinance states the following: 
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When determined appropriate by the County, a Shadow Flicker Control System shall be installed 

upon all turbines which will cause a perceived shadow effect upon a habitable residential 

dwelling. Such system shall limit blade rotation at those times when shadow flicker exceeds thirty 

(30) minutes per day or thirty (30) hours per year at perceivable shadow flicker intensity as 

confirmed by the Zoning Administrator are probable. 

In addition to providing the modeling results, this report identifies those receptors that may experience 

shadow flicker more than 30 hours per year and/or 30 minutes per day. 

1.4 Site Visit 

Burns & McDonnell visited the Project Site in September 2018 to visually confirm the location of 

occupied receptors for this Study. Beyond this visit, the contents of this evaluation are based exclusively 

upon desktop analysis by Burns & McDonnell. 
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2.0 MODELING PARAMETERS AND INPUTS 

2.1 Modeling Overview 

Shadow flicker was modeled at the Project Site using WindPRO, an industry-leading software package 

for the design and planning of wind energy projects. This package models the sun’s path with respect to 

every turbine location during every minute over a complete year. Any shadow flicker caused by each 

turbine is then aggregated for each receptor for the entire year. 

The following sections are summaries of the inputs utilized in the WindPRO model for this Study. 

2.2 Turbine Coordinates 

Shadow flicker intensity is partially dependent upon the distance from a receptor to the turbine causing 

the shadow. The Developer-provided coordinates of each turbine are presented in Appendix B, and the 

location of each turbine is presented graphically in Appendix A. For purposes of this Study, a total of 62 

turbine positions were evaluated, although only up to 61 turbines are expected to be installed. 

2.3 Turbine Dimensions 

The size of a wind turbine, including both hub height and rotor diameter, contributes to the length and 

width of the shadows that may be cast by that turbine. The GE 3.8-137 wind turbine generators were each 

modeled with a rotor diameter of 137 meters and a hub height of 111.5 meters. 

2.4 Receptors 

A quantity of 149 receptors were modeled at the Project Site, including two (2) cemeteries. The 

coordinates of each receptor are presented in Appendix B and the location of each receptor is presented 

graphically in Appendix A. Coordinates for each receptor were provided by Developer, although Burns & 

McDonnell visited the Project Site in September 2018 to visually confirm the location of occupied 

receptors for this Study. 

Each receptor was modeled in “green house” mode within the WindPRO model. This approach provides a 

conservative estimate of the amount of time when shadow flicker could occur by modeling each receptor 

as having windows on all sides and effectively causing the home to be susceptible to flicker effects in all 

directions. 
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2.5 Terrain 

The WindPRO model utilizes topography data to place turbines and receptors at the proper elevations. 

This information is also used by the model to consider any natural land features between a turbine and a 

receptor that may block shadows from being seen at a receptor. 

Publicly-available terrain data was downloaded from the National Elevation Dataset, a product of the 

United States Geological Survey. The 10-meter resolution digital elevation model DEM was exported at 

10-foot intervals for use in the WindPRO model. Elevations were assigned by Burns & McDonnell to 

each turbine and each receptor using this data.  

2.6 Obstacles 

Obstacles located between a receptor and a turbine, such as trees or buildings, may significantly reduce or 

eliminate the duration and/or intensity of shadow flicker. Burns & McDonnell included obstacles in the 

WindPRO model, including trees and outbuildings, for only those receptors that exceeded 30 hours per 

year and/or 30 minutes per day. Such receptors are indicated by an asterisk (*) in Appendix B and 

Appendix F, respectively. No obstacles were considered or modeled for any other receptors. 

WindPRO models obstacles utilizing a cubic volume, where each obstacle is assigned a height, width, 

depth, and porosity level. The obstacles near the applicable receptors were reviewed by Burns & 

McDonnell and the type and characteristics of each obstacle were visually estimated using publicly-

available desktop aerial imagery. Trees and groups of trees were assumed to be 12 meters tall, barns and 

other outbuildings were assumed to be 4 meters tall, and grain bins were assumed to be 6 meters tall. 

Only obstacles in reasonably close proximity to a receptor were considered (i.e., those that might be 

expected to influence flicker durations). 

Burns & McDonnell did not make any in-person verifications regarding the existence, size, or influence 

of obstacles. The obstacles were modeled exclusively through desktop analysis of aerial imagery. 

2.7 Turbine Operation 

Shadow flicker is contingent upon the movement of the turbine blades. Shadow flicker can only occur 

when the turbine is in operation (i.e., when the turbine blades are rotating). Moreover, shadow flicker is 

generally most notable when a turbine is facing a receptor, as this results in the widest-possible shadow 

being cast. To more accurately reflect the periods of operation of each Project wind turbine, on-site hub-

height wind data was provided by Developer and used to indicate the periods when the turbines are 

inactive due to wind speeds below the turbine cut-in speed or above the turbine cut-out speed, at which 

time the turbine rotor is not in motion and no shadow flicker will occur. 
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Project Site-specific wind data was also utilized to model the actual orientation of the turbines relative to 

each receptor. The Developer-provided wind data includes data collected by an on-site meteorological 

mast between September 2013 and September 2018. The provided data is shown in Appendix C. 

Power curves for the proposed turbines were provided by Developer. These power curves were added to 

the WindPRO model to more accurately reflect the turbine’s operational characteristics. The Developer-

provided power curves are shown in Appendix E. 

2.8 Flicker Relevance 

At distances beyond 10 rotor diameters, shadow flicker effects are generally considered low, as shadows 

diffuse and become imperceptible. Thus, a distance equal to 10 times the rotor diameter of each turbine 

(i.e., 1370 meters) was modeled as the maximum distance at which shadow flicker was considered 

relevant; receptors greater than this distance from a given turbine were not evaluated. The proximity of 

this buffer relative to each receptor is presented graphically in Appendix A. 

2.9 Sun Angle 

The sun’s path with respect to each turbine location is calculated by the WindPRO model to determine the 

cast shadow paths during every minute over a complete year. However, at very low sun angles, the light 

must pass through more atmosphere and becomes too diffused to form a coherent shadow. Thus, a value 

of three (3) degrees was utilized for the height at which the sun would not cause noticeable flicker. 

2.10 Sun Obstruction 

The percentage of the turbine blade covering the sun disc is calculated by the WindPRO model to 

determine the size of shadow cast during every minute over a complete year. By default, the WindPRO 

model calculates shadow flicker only when at least 20 percent of the sun disc is covered by the turbine 

blades. When less than 20 percent of the sun disc is masked by the blades, the shadow will be too diffuse 

to cause a coherent shadow. 

2.11 Environment 

Shadow flicker is only caused when the sun is shining. Sunshine probability data (see Appendix D) was 

obtained by Burns & McDonnell from www.city-data.com. This data represents the percentage of hours 

each month that the sun is expected to be shining during daylight hours, with consideration given for 

cloud cover, rainy days, fog, or other similar occurrences that may diminish the potential occurrence or 

severity of shadow flicker. 
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3.0 RESULTS 

Using the inputs and parameters defined in Section 2.0, the WindPRO model was used to calculate 

shadow flicker for the receptors at the Project Site. Table 3-1 presents a summary of these results by 

landowner status for the applicable receptor. Detailed tables are included within Appendix F that present 

shadow flicker durations by receptor, including estimated hours per year and maximum minutes per day. 

Additionally, maps are provided in Appendix G which illustrate the shadow flicker vectors (in hours per 

year) caused by each Project turbine. 

Table 3-1: Summary of Results 

Landowner 

Status 

No. of 

Turbines 

No. of 

Receptors 

No. of Receptors, 

Flicker > 30 hr/yr 

No. of Receptors, 

Flicker > 30 min/day 

Participating 
62 

48 2 13 

Non-participating 101 1 14 

 

The following is a set of key observations from the results of the Study: 

• With the current layout, 3 of the 149 known receptors exceed 30 hours per year of shadow flicker. 

Additionally, 25 of the 149 known receptors exceed 30 minutes per day of shadow flicker, 

although approximately one quarter (7 of 25) exceed this daily threshold by only 5 or fewer 

minutes and more than half (13 of 25) exceed this daily threshold by only 10 or fewer minutes. 

Refer to Appendix F for a complete listing of results. 

• The majority of observed shadow flicker on each receptor occurs during early morning and/or late 

afternoon and evening hours (see Appendix H). 

• For purposes of this Study, a total of 62 turbine positions were evaluated, although Burns & 

McDonnell understands that only up to 61 turbines are expected to be installed. Depending on the 

turbine location(s) that are eliminated, flicker durations at impacted receptors are likely to 

decrease from those presented herein. 

• The Study was performed using a conservative modeling approach with Project Site-specific 

conditions. For example, the Study modeled each receptor as a “green house”, meaning each 

receptor was modeled as having windows on all sides and effectively causing the home to be 

susceptible to flicker effects in all directions. Further, the majority of the receptor locations were 

modeled as if no obstacles were present, including trees or buildings, which may significantly 

reduce or eliminate the duration and/or intensity of shadow flicker at a receptor. Due to the 

conservative approach of the Study, the actual duration and intensity of shadow flicker 

experienced at each receptor is expected to be less than those reported in the Study. 
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• Notwithstanding any shadow flicker which may occur at the Project Site, mitigation techniques 

may be utilized to reduce these effects. Common techniques include planting vegetation, awning 

installation, and/or reduced turbine operation. 

The following is an overview of the shadow flicker characteristics at receptors where obstacles were 

considered but impacts were not fully mitigated: 

• REC-008 is receiving shadow flicker from 1B.10 to the east. While there are a few buildings in 

the vicinity, the area to the east is largely exposed to this source. Thus, no reduction in flicker 

duration was observed when considering obstacles at this receptor. 

• REC-009 is receiving shadow flicker from 1A.07 to the southwest. The area to the west-

southwest is generally exposed, with insufficient geometry to fully mitigate shadow flicker. Thus, 

no reduction in flicker duration was observed when considering obstacles at this receptor. 

• REC-014 is receiving shadow flicker from 2A.21 to the southeast. While obstacles exist to the 

east of the receptor it is largely exposed to shadow flicker to the southeast. A reduction in flicker 

duration of approximately 6 hours/year was observed when considering obstacles at this receptor. 

• REC-015 is receiving shadow flicker from 2A.21 to the southeast. This receptor is largely 

exposed to shadow flicker to the east and southeast. A reduction in flicker duration of 

approximately 7 hours/year was observed when considering obstacles at this receptor. 

• REC-017 is receiving shadow flicker from 3A.32 to the east and 3A.33 to the northeast. Some 

trees and buildings reduce shadow impact, but the greatest exposure to shadow flicker is from the 

east where the receptor is partially exposed. Thus, no reduction in flicker duration was observed 

when considering obstacles at this receptor. 

• REC-024 is receiving shadow flicker from 3B.43 to the east. The receptor is largely exposed to 

the south and partially to the southeast. Thus, no reduction in flicker duration was observed when 

considering obstacles at this receptor. 

• REC-031 receiving shadow flicker from 3B.39 to the east. The receptor is largely exposed to the 

east. Thus, no reduction in flicker duration was observed when considering obstacles at this 

receptor. 

• REC-032 is receiving shadow flicker from 4B.50 to the southeast. Some buildings to the south 

reduce flicker, however the receptor is largely exposed to the south. Thus, no reduction in flicker 

duration was observed when considering obstacles at this receptor. 
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• REC-040 is receiving shadow flicker from 4A.48 to the east. Some obstacles are in line of flicker 

impact, but the area to the east-southeast is largely exposed. Thus, no reduction in flicker duration 

was observed when considering obstacles at this receptor. 

• REC-041 is receiving shadow flicker from 4A.48 to the west. While several obstacles are within 

close proximity to this receptor, there is direct exposure to the west. Thus, no reduction in flicker 

duration was observed when considering obstacles at this receptor. 

• REC-042 is receiving shadow flicker from 4B.50 to the southwest, from 4B.51 to the southeast, 

and from 4B.52 to the east-southeast. This receptor has several obstacles nearby to the north but 

is largely exposed to the east, west, and south. Thus, no reduction in flicker duration was 

observed when considering obstacles at this receptor. 

• REC-045 is receiving shadow flicker from 4B.54 to the west. While several obstacles are in the 

vicinity, the geometry of the obstacles is insufficient to fully reduce flicker impact. A reduction in 

flicker duration of approximately 3.5 hours/year was observed when considering obstacles at this 

receptor. 

• REC-046 is receiving shadow flicker from 5A.60 and 5A.61 to the west and from 5A.59 and 

5A.62 to the east. Several obstacles are in the vicinity; however, the receptor is largely exposed to 

the south and east. Thus, no reduction in flicker duration was observed when considering 

obstacles at this receptor. 

• REC-051 is receiving shadow flicker from 4B.57 to the northeast. This receptor is largely 

exposed to the east. Thus, no reduction in flicker duration was observed when considering 

obstacles at this receptor. 

• REC-070 is receiving shadow flicker form 5A.61 to the southwest. While some obstacles are in 

the vicinity, the geometry is insufficient to fully reduce flicker impacts to the west and southwest. 

A reduction in flicker duration of approximately 5.5 hours/year and 24 minutes/day was observed 

when considering obstacles at this receptor. 

• REC-075 is receiving shadow flicker from 2B.23 to the southeast. While there are several 

obstacles in the vicinity, the receptor is exposed to the southeast. A reduction in flicker duration 

of approximately 23 hours/year and 22 minutes/day was observed when considering obstacles at 

this receptor. 

• REC-076 is receiving shadow flicker from 2B.23 to the southeast and 2B.24 to the southwest and 

is largely exposed to the east and south, with some exposure to the west. Thus, no reduction in 

flicker duration was observed when considering obstacles at this receptor. 
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Shadow Flicker Analysis Revision 6a Results 

Prevailing Wind Park, LLC 3-4 Burns & McDonnell 

• REC-082 is receiving shadow from 2B.22 to the southwest. This receptor has several obstacles in 

the vicinity but is partially exposed to the southwest. A reduction in flicker duration of 

approximately 13 hours/year and 6 minutes/day when considering obstacles at this receptor. 

• REC-089 is receiving shadow flicker from 4A.46 to the northwest and 4A.49 to the southeast. 

While there are several obstacles in the vicinity, the geometry is insufficient to fully mitigate 

shadow flicker impacts. Thus, no reduction in flicker duration was observed when considering 

obstacles at this receptor. 

• REC-093 is receiving shadow flicker from 1B.08 to the east and 1B.09 to the northeast. This 

receptor is largely exposed to the east and south. Thus, no reduction in flicker duration was 

observed when considering obstacles at this receptor. 

• REC-094 is receiving shadow flicker from 2A.20 to the southwest and 2A.21 to the northeast. 

This receptor has some obstacles in the vicinity, but there remains sparse coverage to the east, 

south, and southeast. A reduction in flicker duration of approximately 6 hours/year was observed 

when considering obstacles at this receptor. 

• REC-096 is receiving shadow flicker from 4B.50 to the southeast and 4A.49 to the southwest. 

Several obstacles are in the vicinity, but there remains exposure to the east and southeast. Thus, 

no reduction in flicker duration was observed when considering obstacles at this receptor. 

• REC-112 is receiving shadow flicker from 3A.36 to the east where there are some obstacles 

present; however, the geometry is insufficient to fully mitigate shadow flicker impact. Thus, no 

reduction in flicker duration was observed when considering obstacles at this receptor. 

• REC-113 is receiving shadow flicker from 1B.08 to the east. This receptor is exposed to the east 

and south. A reduction in flicker duration of approximately 11 hours/year and 33 minutes /day 

was observed when considering obstacles at this receptor. 

• REC 114 is receiving shadow flicker from 1B.08 to the southwest, 1A.06 to the southeast, and 

1B.09 to the east and is exposed to the east, with some exposure to the west and partial exposure 

to the south. A reduction in flicker duration of approximately 8 hours/year and 10 minutes/day 

was observed when considering obstacles at this receptor. 
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Shadow Flicker Analysis Revision 6a Appendix B 

Prevailing Wind Park, LLC B-1 Burns & McDonnell 

Table B-1: Turbine Coordinates 

Turbine 

Number 

Easting 

[m] 

Northing 

[m] 

1A.01 579,956 4,775,946 

1A.02 580,807 4,775,443 

1A.03 580,970 4,776,074 

1A.04 580,259 4,777,725 

1A.05 580,759 4,777,855 

1A.06 581,221 4,778,640 

1A.07 581,719 4,779,255 

1B.08 579,428 4,778,668 

1B.09 579,671 4,779,153 

1B.10 580,170 4,780,211 

1B.11 580,939 4,780,407 

1B.12 580,170 4,781,359 

1B.13 580,604 4,781,811 

1B.14 580,727 4,782,275 

2A.15 575,324 4,774,400 

2A.16 575,201 4,775,693 

2A.17 576,064 4,775,521 

2A.18 576,650 4,776,014 

2A.19 577,060 4,776,210 

2A.20 577,580 4,776,426 

2A.21 579,275 4,777,079 

2B.22 574,404 4,774,437 

2B.23 573,519 4,774,711 

2B.24 572,179 4,774,804 

2B.25 571,662 4,775,700 

2B.26 571,219 4,774,346 

2B.27 570,700 4,773,949 

2B.28 570,639 4,774,959 

3A.29 574,452 4,773,338 

3A.30 573,634 4,773,249 

3A.31 570,336 4,773,327 

3A.32 568,781 4,773,724 

3A.33 569,071 4,774,045 

3A.34 568,691 4,775,793 

3A.35 569,074 4,775,995 
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Shadow Flicker Analysis Revision 6a Appendix B 

Prevailing Wind Park, LLC B-2 Burns & McDonnell 

Turbine 

Number 

Easting 

[m] 

Northing 

[m] 

3A.36 569,026 4,777,349 

3B.37 573,856 4,770,651 

3B.38 571,896 4,770,015 

3B.39 572,076 4,769,232 

3B.40 572,380 4,771,753 

3B.41 571,220 4,771,721 

3B.42 570,763 4,771,308 

3B.43 570,487 4,770,821 

4A.44 575,275 4,769,819 

4A.45 576,925 4,769,963 

4A.46 576,997 4,769,043 

4A.47 577,718 4,768,001 

4A.48 576,805 4,767,428 

4A.49 578,173 4,768,318 

4B.50 579,886 4,767,974 

4B.51 581,200 4,768,190 

4B.52 581,716 4,768,536 

4B.53 580,860 4,769,311 

4B.54 579,755 4,766,668 

4B.55 579,255 4,766,296 

4B.56 578,787 4,765,862 

4B.57 578,011 4,765,079 

5A.58 571,464 4,768,160 

5A.59 572,004 4,766,553 

5A.60 570,006 4,766,129 

5A.61 570,143 4,766,716 

5A.62 571,597 4,766,151 

 
Notes: 

[1] All coordinates presented in UTM NAD83 Zone 14N (meters) 

[2] All coordinates provided by Developer in "PWIND - 62x GE38137 111p5m v180925-02" on 20180925 
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Shadow Flicker Analysis Revision 6a Appendix B 

Prevailing Wind Park, LLC B-3 Burns & McDonnell 

Table B-2: Receptor Coordinates 

Receptor 

Name 

Easting 

[m] 

Northing 

[m] 

County 

Name 

Participating 

Status 

REC-001 583,179 4,781,949 Hutchinson Non-participating 

REC-002 578,731 4,782,429 Hutchinson Participating 

REC-003 580,507 4,783,274 Hutchinson Non-participating 

REC-004 582,679 4,780,105 Hutchinson Non-participating 

REC-005 583,327 4,778,397 Bon Homme Non-participating 

REC-006 583,615 4,778,695 Bon Homme Non-participating 

REC-007 579,386 4,783,172 Hutchinson Non-participating 

REC-008* 579,365 4,780,123 Hutchinson Non-participating 

REC-009* 582,486 4,779,597 Bon Homme Non-participating 

REC-010 570,706 4,779,233 Charles Mix Non-participating 

REC-011 568,955 4,779,050 Charles Mix Non-participating 

REC-012 575,451 4,778,870 Bon Homme Non-participating 

REC-013 570,834 4,777,924 Charles Mix Non-participating 

REC-014* 578,568 4,777,265 Bon Homme Non-participating 

REC-015* 578,579 4,777,228 Bon Homme Non-participating 

REC-016 569,438 4,774,776 Charles Mix Participating 

REC-017* 568,000 4,773,684 Charles Mix Non-participating 

REC-018 575,894 4,773,069 Bon Homme Participating 

REC-019 568,870 4,772,838 Charles Mix Participating 

REC-020 568,171 4,772,373 Charles Mix Non-participating 

REC-021 574,123 4,771,642 Bon Homme Participating 

REC-022 574,118 4,771,913 Bon Homme Non-participating 

REC-023 567,115 4,771,132 Charles Mix Non-participating 

REC-024* 569,456 4,770,886 Charles Mix Non-participating 

REC-025 582,410 4,770,691 Bon Homme Participating 

REC-026 582,206 4,770,538 Bon Homme Non-participating 

REC-027 569,451 4,770,123 Charles Mix Non-participating 

REC-028 578,916 4,770,107 Bon Homme Participating 

REC-029 567,890 4,769,897 Charles Mix Non-participating 

REC-030 574,058 4,769,738 Bon Homme Non-participating 

REC-031* 571,038 4,769,100 Charles Mix Non-participating 

REC-032* 579,595 4,768,434 Bon Homme Participating 

REC-033 574,388 4,768,112 Bon Homme Non-participating 

REC-034* 575,857 4,767,969 Bon Homme Non-participating 

REC-035 568,988 4,768,088 Charles Mix Non-participating 
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Shadow Flicker Analysis Revision 6a Appendix B 

Prevailing Wind Park, LLC B-4 Burns & McDonnell 

Receptor 

Name 

Easting 

[m] 

Northing 

[m] 

County 

Name 

Participating 

Status 

REC-036 574,140 4,767,903 Bon Homme Non-participating 

REC-037* 580,535 4,767,956 Bon Homme Participating 

REC-038 569,571 4,767,694 Charles Mix Non-participating 

REC-039* 575,754 4,767,512 Bon Homme Non-participating 

REC-040* 575,854 4,767,409 Bon Homme Non-participating 

REC-041* 577,366 4,767,429 Bon Homme Participating 

REC-042* 580,535 4,768,650 Bon Homme Non-participating 

REC-043 582,314 4,767,105 Bon Homme Non-participating 

REC-044 577,582 4,766,535 Bon Homme Participating 

REC-045* 580,460 4,766,528 Bon Homme Participating 

REC-046* 570,892 4,766,384 Charles Mix Participating 

REC-047 576,072 4,766,099 Bon Homme Non-participating 

REC-048 575,888 4,765,484 Bon Homme Non-participating 

REC-049 579,136 4,765,004 Bon Homme Non-participating 

REC-050 575,594 4,764,878 Bon Homme Participating 

REC-051* 577,015 4,764,806 Bon Homme Participating 

REC-052 571,035 4,764,976 Charles Mix Non-participating 

REC-053 575,752 4,763,554 Bon Homme Non-participating 

REC-054 579,261 4,763,509 Bon Homme Non-participating 

REC-055 575,738 4,763,383 Bon Homme Non-participating 

REC-056 578,784 4,763,423 Bon Homme Non-participating 

REC-057 575,729 4,763,021 Bon Homme Non-participating 

REC-058 574,690 4,762,906 Bon Homme Non-participating 

REC-059 574,609 4,762,765 Bon Homme Non-participating 

REC-060 575,719 4,763,759 Bon Homme Non-participating 

REC-061 566,590 4,774,005 Charles Mix Non-participating 

REC-062 566,795 4,771,446 Charles Mix Non-participating 

REC-063 567,576 4,773,523 Charles Mix Non-participating 

REC-064 568,170 4,775,222 Charles Mix Non-participating 

REC-065 568,402 4,770,548 Charles Mix Non-participating 

REC-066 569,475 4,776,605 Charles Mix Participating 

REC-067 569,782 4,765,374 Charles Mix Non-participating 

REC-068 570,301 4,776,152 Charles Mix Non-participating 

REC-069 570,321 4,776,086 Charles Mix Non-participating 

REC-070* 570,931 4,767,169 Charles Mix Non-participating 

REC-071 571,247 4,765,598 Charles Mix Non-participating 
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Shadow Flicker Analysis Revision 6a Appendix B 

Prevailing Wind Park, LLC B-5 Burns & McDonnell 

Receptor 

Name 

Easting 

[m] 

Northing 

[m] 

County 

Name 

Participating 

Status 

REC-072 571,848 4,767,001 Charles Mix Participating 

REC-073 572,712 4,764,371 Charles Mix Non-participating 

REC-074 572,760 4,768,610 Bon Homme Non-participating 

REC-075* 572,875 4,775,184 Charles Mix Participating 

REC-076* 573,024 4,775,138 Charles Mix Non-participating 

REC-077 573,104 4,767,559 Bon Homme Non-participating 

REC-078 572,690 4,764,270 Charles Mix Non-participating 

REC-079* 572,840 4,766,532 Charles Mix Participating 

REC-080 574,527 4,771,635 Bon Homme Participating 

REC-081 574,606 4,772,084 Bon Homme Participating 

REC-082* 575,265 4,775,117 Bon Homme Participating 

REC-083 575,384 4,771,696 Bon Homme Participating 

REC-084 575,460 4,773,772 Bon Homme Participating 

REC-085* 576,210 4,770,611 Bon Homme Participating 

REC-086 576,538 4,765,598 Bon Homme Participating 

REC-087 576,971 4,770,447 Bon Homme Participating 

REC-088 577,660 4,765,661 Bon Homme Participating 

REC-089* 577,747 4,768,860 Bon Homme Participating 

REC-090 577,878 4,764,079 Bon Homme Non-participating 

REC-091 577,916 4,763,844 Bon Homme Non-participating 

REC-092 578,532 4,767,119 Bon Homme Participating 

REC-093* 578,576 4,778,619 Bon Homme Participating 

REC-094* 578,515 4,776,677 Bon Homme Participating 

REC-095 578,804 4,764,275 Bon Homme Non-participating 

REC-096* 578,828 4,768,793 Bon Homme Non-participating 

REC-097 578,943 4,770,455 Bon Homme Non-participating 

REC-098 579,475 4,767,289 Bon Homme Non-participating 

REC-099 579,721 4,762,442 Bon Homme Participating 

REC-100 580,720 4,765,706 Bon Homme Non-participating 

REC-101 580,992 4,762,541 Bon Homme Non-participating 

REC-102 581,560 4,763,175 Bon Homme Non-participating 

REC-103 581,721 4,767,420 Bon Homme Participating 

REC-104 581,794 4,770,381 Bon Homme Non-participating 

REC-105* 581,891 4,769,063 Bon Homme Non-participating 

REC-106 581,883 4,766,985 Bon Homme Participating 

REC-107 582,090 4,770,568 Bon Homme Non-participating 
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Shadow Flicker Analysis Revision 6a Appendix B 

Prevailing Wind Park, LLC B-6 Burns & McDonnell 

Receptor 

Name 

Easting 

[m] 

Northing 

[m] 

County 

Name 

Participating 

Status 

REC-108 582,148 4,764,102 Bon Homme Participating 

REC-109 582,610 4,767,583 Bon Homme Non-participating 

REC-110 583,963 4,770,430 Bon Homme Non-participating 

REC-111 582,578 4,767,332 Bon Homme Non-participating 

REC-112* 570,034 4,777,429 Charles Mix Non-participating 

REC-113* 580,226 4,778,670 Bon Homme Participating 

REC-114* 580,644 4,779,066 Bon Homme Participating 

REC-115 580,813 4,776,798 Bon Homme Participating 

REC-116* 581,676 4,775,654 Bon Homme Participating 

REC-117 579,368 4,775,404 Bon Homme Participating 

REC-118 580,095 4,784,337 Hutchinson Non-participating 

REC-119 581,868 4,783,246 Hutchinson Non-participating 

REC-120 582,411 4,781,467 Hutchinson Non-participating 

REC-121 582,256 4,783,055 Hutchinson Non-participating 

REC-122 582,261 4,777,793 Bon Homme Participating 

REC-123 581,461 4,785,646 Hutchinson Non-participating 

REC-124 577,505 4,781,336 Hutchinson Non-participating 

REC-125 580,996 4,773,976 Bon Homme Non-participating 

REC-126 580,916 4,774,830 Bon Homme Participating 

REC-127* 581,474 4,775,076 Bon Homme Participating 

REC-128 581,468 4,774,997 Bon Homme Participating 

REC-129 576,816 4,779,814 Bon Homme Non-participating 

REC-130 567,502 4,781,060 Charles Mix Non-participating 

REC-131 568,850 4,781,446 Charles Mix Non-participating 

REC-132 570,408 4,783,811 Charles Mix Non-participating 

REC-133 570,806 4,783,497 Charles Mix Non-participating 

REC-134 570,845 4,782,153 Charles Mix Non-participating 

REC-135 573,665 4,780,153 Charles Mix Non-participating 

REC-136 579,049 4,772,150 Bon Homme Non-participating 

REC-137 579,104 4,772,978 Bon Homme Non-participating 

REC-138* 573,105 4,772,224 Bon Homme Participating 

REC-139 569,781 4,772,134 Charles Mix Non-participating 

REC-140 580,689 4,768,952 Bon Homme Non-participating 

REC-141 577,130 4,782,270 Hutchinson Non-participating 

REC-142 584,340 4,769,093 Bon Homme Non-participating 

REC-143 582,522 4,766,643 Bon Homme Non-participating 
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Shadow Flicker Analysis Revision 6a Appendix B 

Prevailing Wind Park, LLC B-7 Burns & McDonnell 

Receptor 

Name 

Easting 

[m] 

Northing 

[m] 

County 

Name 

Participating 

Status 

REC-144 582,964 4,764,514 Bon Homme Non-participating 

REC-145 568,186 4,765,929 Charles Mix Non-participating 

REC-146 576,221 4,771,527 Bon Homme Participating 

REC-147 575,778 4,770,361 Bon Homme Participating 

REC-148 568,806 4,770,128 Charles Mix Non-participating 

REC-149 567,763 4,773,526 Charles Mix Non-participating 

 
Notes: 

[1] All coordinates presented in UTM NAD83 Zone 14N (meters) 

[2] Coordinates provided by Developer in "RECEPTORS-OCCUPIED.KMZ" and through field investigation data provided 20180920  
[3] Participating status provided by Developer in "Prevailing Winds - Homes on Leased Land" dated 20180516 

[4] * Indicates receptor that was analyzed with obstacles. 
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Shadow Flicker Analysis Revision 6a Appendix C 

Prevailing Wind Park, LLC C-1 Burns & McDonnell 

Table C-1: Onsite Frequency Distribution, 111.5 magl 

Bin Wind Direction [degrees] 

[m/s] 0 30 60 90 120 150 180 210 240 270 300 330 

0 11.63 9.15 7.94 7.92 7.53 7.80 8.96 5.46 5.14 5.35 10.68 12.43 

1 11.51 9.25 11.54 9.35 8.16 4.89 3.58 8.52 9.42 9.91 10.83 10.20 

2 20.70 20.13 20.43 17.93 15.71 12.23 10.56 15.50 18.48 21.81 17.68 17.72 

3 33.22 34.35 34.95 33.11 29.54 23.68 20.09 29.61 31.54 34.00 27.44 29.54 

4 52.15 56.03 57.94 55.29 52.65 35.96 28.99 46.16 45.04 55.74 46.51 48.70 

5 72.48 70.20 75.20 70.95 67.65 50.49 38.48 52.72 57.06 64.37 57.02 66.18 

6 81.89 83.87 81.78 85.27 89.90 69.52 50.15 62.29 68.49 78.41 65.81 71.98 

7 96.59 95.00 98.95 97.99 102.77 81.21 57.90 72.27 81.10 84.11 76.67 81.19 

8 102.03 89.37 95.39 101.36 101.50 88.94 76.50 77.23 90.82 89.96 84.70 86.32 

9 104.00 95.04 105.73 95.63 101.91 103.82 97.70 99.43 98.02 93.31 87.28 87.37 

10 91.57 103.26 106.21 98.09 107.43 111.11 107.15 107.33 109.89 102.07 92.31 92.86 

11 90.03 91.21 95.97 96.93 95.27 114.82 130.43 109.07 110.93 99.29 95.28 86.57 

12 72.68 71.41 72.31 78.47 80.22 97.90 124.26 102.86 90.53 86.11 87.42 81.99 

13 55.36 56.78 53.37 59.24 59.95 78.28 104.76 87.84 71.31 62.37 69.16 65.63 

14 40.54 40.48 33.32 40.20 39.37 55.87 69.60 59.70 50.90 49.04 54.02 47.97 

15 26.30 27.72 22.60 26.65 21.13 36.25 35.80 31.98 30.57 26.73 37.69 36.57 

16 19.06 18.47 13.08 15.28 9.32 19.23 22.26 18.43 15.66 18.46 25.87 26.87 

17 11.91 12.71 6.83 7.28 6.69 7.58 10.69 7.61 7.57 10.26 20.54 20.48 

18 7.90 10.59 5.39 4.48 4.71 4.06 6.00 3.14 4.30 6.27 14.83 13.39 

19 4.72 6.88 3.08 2.84 3.40 1.52 3.19 2.30 3.12 2.14 8.86 10.20 

20 2.26 4.50 2.50 1.45 1.01 0.64 0.68 1.54 1.78 2.07 6.90 6.91 

21 1.57 1.50 1.73 1.40 0.96 0.54 0.30 0.56 1.11 1.50 4.82 4.08 

22 0.62 0.63 0.58 0.53 0.25 0.20 0.13 0.70 0.82 1.07 3.11 3.07 

23 0.46 0.25 0.48 0.05 0.30 0.15 0.21 0.63 0.97 0.71 2.22 1.69 

24 0.26 0.04 0.29 0.19 0.15 0.20 0.04 0.63 0.15 0.14 1.47 0.98 

25 0.16 0.04 0.14 0.05 0.05 0.15 0.26 0.77 0.15 0.00 1.04 0.74 

26 0.00 0.13 0.14 0.00 0.00 0.10 0.21 0.28 0.07 0.07 0.39 0.40 

27 0.03 0.13 0.10 0.00 0.00 0.29 0.04 0.21 0.00 0.07 0.14 0.25 

28 0.00 0.04 0.00 0.00 0.00 0.29 0.04 0.28 0.00 0.00 0.04 0.09 

29 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.14 0.00 0.00 0.00 0.06 

30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.21 0.15 0.00 0.00 0.00 

31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 

32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 

33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sum 1012 1009 1008 1008 1008 1008 1009 1005 1005 1005 1011 1012 

 
Notes: 

[1] All data provided by Developer via “Prevailing Winds Site Average.windog” 

[2] All data presented in milles for period from September 20, 2013 to September 13, 2018 
[3] All data presented at 111.5 magl
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Shadow Flicker Analysis Revision 6a Appendix D 

Prevailing Wind Park, LLC D-1 Burns & McDonnell 

Figure D-1: Monthly Sunshine Probability for Wagner, South Dakota 

Table D-1: Monthly Sunshine Probability for Wagner, South Dakota 

Month Avg Sunshine Probability 

January 58% 

February 58% 

March 59% 

April 60% 

May 63% 

June 69% 

July 74% 

August 72% 

September 68% 

October 65% 

November 50% 

December 50% 

Notes: 

[1] Data source: http://www.city-data.com/city/Wagner-South-Dakota.html 
[2] Data location: Wagner, South Dakota 

[3] Data in Table D-1 estimated from source data in Figure D-1 
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Shadow Flicker Analysis Revision 6a Appendix E 

Prevailing Wind Park, LLC E-1 Burns & McDonnell 

Table E-1: GE 3.8-137 Power Curve Values 

Wind Speed 

[m/s] 

Power 

[kW] 

0.0 0 

1.0 0 

2.0 0 

3.0 14 

4.0 179 

5.0 434 

6.0 786 

7.0 1269 

8.0 1906 

9.0 2648 

10.0 3284 

11.0 3776 

12.0 3830 

13.0 3830 

14.0 3830 

15.0 3830 

16.0 3830 

17.0 3830 

18.0 3830 

19.0 3830 

20.0 3830 

21.0 3830 

22.0 3830 

23.0 3830 

24.0 3830 

25.0 3830 

 
Notes: 

[1] Power curve for air density of 1.16 kg/m3 and site-specific TI band 
[2] All data provided by Developer via "Site Specific Power Curve - PCD_1206271_PrevailingWind_3.8-137_EN_r01" 
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Shadow Flicker Analysis Revision 6a Appendix F 

Prevailing Wind Park, LLC F-1 Burns & McDonnell 

Table F-1: Flicker Duration by Receptor 

Receptor 

Name 

Easting 

[m] 

Northing 

[m] 

County 

Name 

Participating 

Status 

Flicker Duration 

[hour/year] 

Flicker Duration 

[max min/day] 

REC-001 583,179 4,781,949 Hutchinson Non-participating 0.00 0 

REC-002 578,731 4,782,429 Hutchinson Participating 0.00 0 

REC-003 580,507 4,783,274 Hutchinson Non-participating 0.00 0 

REC-004 582,679 4,780,105 Hutchinson Non-participating 5.67 27 

REC-005 583,327 4,778,397 Bon Homme Non-participating 0.00 0 

REC-006 583,615 4,778,695 Bon Homme Non-participating 0.00 0 

REC-007 579,386 4,783,172 Hutchinson Non-participating 0.00 0 

REC-008* 579,365 4,780,123 Hutchinson Non-participating 11.02 39 

REC-009* 582,486 4,779,597 Bon Homme Non-participating 9.22 38 

REC-010 570,706 4,779,233 Charles Mix Non-participating 0.00 0 

REC-011 568,955 4,779,050 Charles Mix Non-participating 0.00 0 

REC-012 575,451 4,778,870 Bon Homme Non-participating 0.00 0 

REC-013 570,834 4,777,924 Charles Mix Non-participating 0.00 0 

REC-014* 578,568 4,777,265 Bon Homme Non-participating 12.22 43 

REC-015* 578,579 4,777,228 Bon Homme Non-participating 12.83 44 

REC-016 569,438 4,774,776 Charles Mix Participating 4.80 27 

REC-017* 568,000 4,773,684 Charles Mix Non-participating 19.87 40 

REC-018 575,894 4,773,069 Bon Homme Participating 0.00 0 

REC-019 568,870 4,772,838 Charles Mix Participating 0.00 0 

REC-020 568,171 4,772,373 Charles Mix Non-participating 0.00 0 

REC-021 574,123 4,771,642 Bon Homme Participating 0.00 0 

REC-022 574,118 4,771,913 Bon Homme Non-participating 0.00 0 

REC-023 567,115 4,771,132 Charles Mix Non-participating 0.00 0 

REC-024* 569,456 4,770,886 Charles Mix Non-participating 6.20 31 

REC-025 582,410 4,770,691 Bon Homme Participating 0.00 0 

REC-026 582,206 4,770,538 Bon Homme Non-participating 0.00 0 

REC-027 569,451 4,770,123 Charles Mix Non-participating 0.00 0 

REC-028 578,916 4,770,107 Bon Homme Participating 0.00 0 

REC-029 567,890 4,769,897 Charles Mix Non-participating 0.00 0 

REC-030 574,058 4,769,738 Bon Homme Non-participating 3.57 25 

REC-031* 571,038 4,769,100 Charles Mix Non-participating 6.43 31 

REC-032* 579,595 4,768,434 Bon Homme Participating 9.67 45 

REC-033 574,388 4,768,112 Bon Homme Non-participating 0.00 0 

REC-034* 575,857 4,767,969 Bon Homme Non-participating 0.00 0 

REC-035 568,988 4,768,088 Charles Mix Non-participating 0.00 0 

REC-036 574,140 4,767,903 Bon Homme Non-participating 0.00 0 

REC-037* 580,535 4,767,956 Bon Homme Participating 0.00 0 

REC-038 569,571 4,767,694 Charles Mix Non-participating 0.00 0 

REC-039* 575,754 4,767,512 Bon Homme Non-participating 0.00 0 

REC-040* 575,854 4,767,409 Bon Homme Non-participating 7.42 34 

REC-041* 577,366 4,767,429 Bon Homme Participating 22.70 55 

REC-042* 580,535 4,768,650 Bon Homme Non-participating 28.00 53 

REC-043 582,314 4,767,105 Bon Homme Non-participating 0.00 0 

REC-044 577,582 4,766,535 Bon Homme Participating 0.00 0 
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Shadow Flicker Analysis Revision 6a Appendix F 

Prevailing Wind Park, LLC F-2 Burns & McDonnell 

Receptor 

Name 

Easting 

[m] 

Northing 

[m] 

County 

Name 

Participating 

Status 

Flicker Duration 

[hour/year] 

Flicker Duration 

[max min/day] 

REC-045* 580,460 4,766,528 Bon Homme Participating 18.48 45 

REC-046* 570,892 4,766,384 Charles Mix Participating 46.25 76 

REC-047 576,072 4,766,099 Bon Homme Non-participating 0.00 0 

REC-048 575,888 4,765,484 Bon Homme Non-participating 0.00 0 

REC-049 579,136 4,765,004 Bon Homme Non-participating 4.85 27 

REC-050 575,594 4,764,878 Bon Homme Participating 0.00 0 

REC-051* 577,015 4,764,806 Bon Homme Participating 8.20 32 

REC-052 571,035 4,764,976 Charles Mix Non-participating 0.00 0 

REC-053 575,752 4,763,554 Bon Homme Non-participating 0.00 0 

REC-054 579,261 4,763,509 Bon Homme Non-participating 0.00 0 

REC-055 575,738 4,763,383 Bon Homme Non-participating 0.00 0 

REC-056 578,784 4,763,423 Bon Homme Non-participating 0.00 0 

REC-057 575,729 4,763,021 Bon Homme Non-participating 0.00 0 

REC-058 574,690 4,762,906 Bon Homme Non-participating 0.00 0 

REC-059 574,609 4,762,765 Bon Homme Non-participating 0.00 0 

REC-060 575,719 4,763,759 Bon Homme Non-participating 0.00 0 

REC-061 566,590 4,774,005 Charles Mix Non-participating 0.00 0 

REC-062 566,795 4,771,446 Charles Mix Non-participating 0.00 0 

REC-063 567,576 4,773,523 Charles Mix Non-participating 5.02 27 

REC-064 568,170 4,775,222 Charles Mix Non-participating 0.00 0 

REC-065 568,402 4,770,548 Charles Mix Non-participating 0.00 0 

REC-066 569,475 4,776,605 Charles Mix Participating 0.00 0 

REC-067 569,782 4,765,374 Charles Mix Non-participating 0.00 0 

REC-068 570,301 4,776,152 Charles Mix Non-participating 3.13 24 

REC-069 570,321 4,776,086 Charles Mix Non-participating 3.20 24 

REC-070* 570,931 4,767,169 Charles Mix Non-participating 8.80 36 

REC-071 571,247 4,765,598 Charles Mix Non-participating 11.72 25 

REC-072 571,848 4,767,001 Charles Mix Participating 0.00 0 

REC-073 572,712 4,764,371 Charles Mix Non-participating 0.00 0 

REC-074 572,760 4,768,610 Bon Homme Non-participating 0.00 0 

REC-075* 572,875 4,775,184 Charles Mix Participating 20.17 42 

REC-076* 573,024 4,775,138 Charles Mix Non-participating 33.90 51 

REC-077 573,104 4,767,559 Bon Homme Non-participating 0.00 0 

REC-078 572,690 4,764,270 Charles Mix Non-participating 0.00 0 

REC-079* 572,840 4,766,532 Charles Mix Participating 0.00 0 

REC-080 574,527 4,771,635 Bon Homme Participating 0.00 0 

REC-081 574,606 4,772,084 Bon Homme Participating 0.00 0 

REC-082* 575,265 4,775,117 Bon Homme Participating 8.75 31 

REC-083 575,384 4,771,696 Bon Homme Participating 0.00 0 

REC-084 575,460 4,773,772 Bon Homme Participating 4.85 29 

REC-085* 576,210 4,770,611 Bon Homme Participating 0.00 0 

REC-086 576,538 4,765,598 Bon Homme Participating 0.00 0 

REC-087 576,971 4,770,447 Bon Homme Participating 0.00 0 

REC-088 577,660 4,765,661 Bon Homme Participating 5.57 28 

REC-089* 577,747 4,768,860 Bon Homme Participating 24.83 42 
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Shadow Flicker Analysis Revision 6a Appendix F 

Prevailing Wind Park, LLC F-3 Burns & McDonnell 

Receptor 

Name 

Easting 

[m] 

Northing 

[m] 

County 

Name 

Participating 

Status 

Flicker Duration 

[hour/year] 

Flicker Duration 

[max min/day] 

REC-090 577,878 4,764,079 Bon Homme Non-participating 0.00 0 

REC-091 577,916 4,763,844 Bon Homme Non-participating 0.00 0 

REC-092 578,532 4,767,119 Bon Homme Participating 3.78 24 

REC-093* 578,576 4,778,619 Bon Homme Participating 20.83 37 

REC-094* 578,515 4,776,677 Bon Homme Participating 12.23 38 

REC-095 578,804 4,764,275 Bon Homme Non-participating 0.00 0 

REC-096* 578,828 4,768,793 Bon Homme Non-participating 22.47 54 

REC-097 578,943 4,770,455 Bon Homme Non-participating 0.00 0 

REC-098 579,475 4,767,289 Bon Homme Non-participating 0.00 0 

REC-099 579,721 4,762,442 Bon Homme Participating 0.00 0 

REC-100 580,720 4,765,706 Bon Homme Non-participating 0.00 0 

REC-101 580,992 4,762,541 Bon Homme Non-participating 0.00 0 

REC-102 581,560 4,763,175 Bon Homme Non-participating 0.00 0 

REC-103 581,721 4,767,420 Bon Homme Participating 0.00 0 

REC-104 581,794 4,770,381 Bon Homme Non-participating 0.00 0 

REC-105* 581,891 4,769,063 Bon Homme Non-participating 0.00 0 

REC-106 581,883 4,766,985 Bon Homme Participating 0.00 0 

REC-107 582,090 4,770,568 Bon Homme Non-participating 0.00 0 

REC-108 582,148 4,764,102 Bon Homme Participating 0.00 0 

REC-109 582,610 4,767,583 Bon Homme Non-participating 0.00 0 

REC-110 583,963 4,770,430 Bon Homme Non-participating 0.00 0 

REC-111 582,578 4,767,332 Bon Homme Non-participating 0.00 0 

REC-112* 570,034 4,777,429 Charles Mix Non-participating 5.37 31 

REC-113* 580,226 4,778,670 Bon Homme Participating 5.92 31 

REC-114* 580,644 4,779,066 Bon Homme Participating 32.80 46 

REC-115 580,813 4,776,798 Bon Homme Participating 1.73 17 

REC-116* 581,676 4,775,654 Bon Homme Participating 0.00 0 

REC-117 579,368 4,775,404 Bon Homme Participating 0.00 0 

REC-118 580,095 4,784,337 Hutchinson Non-participating 0.00 0 

REC-119 581,868 4,783,246 Hutchinson Non-participating 0.00 0 

REC-120 582,411 4,781,467 Hutchinson Non-participating 0.00 0 

REC-121 582,256 4,783,055 Hutchinson Non-participating 0.00 0 

REC-122 582,261 4,777,793 Bon Homme Participating 0.00 0 

REC-123 581,461 4,785,646 Hutchinson Non-participating 0.00 0 

REC-124 577,505 4,781,336 Hutchinson Non-participating 0.00 0 

REC-125 580,996 4,773,976 Bon Homme Non-participating 0.00 0 

REC-126 580,916 4,774,830 Bon Homme Participating 0.00 0 

REC-127* 581,474 4,775,076 Bon Homme Participating 0.00 0 

REC-128 581,468 4,774,997 Bon Homme Participating 0.00 0 

REC-129 576,816 4,779,814 Bon Homme Non-participating 0.00 0 

REC-130 567,502 4,781,060 Charles Mix Non-participating 0.00 0 

REC-131 568,850 4,781,446 Charles Mix Non-participating 0.00 0 

REC-132 570,408 4,783,811 Charles Mix Non-participating 0.00 0 

REC-133 570,806 4,783,497 Charles Mix Non-participating 0.00 0 

REC-134 570,845 4,782,153 Charles Mix Non-participating 0.00 0 
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Shadow Flicker Analysis Revision 6a Appendix F 

Prevailing Wind Park, LLC F-4 Burns & McDonnell 

Receptor 

Name 

Easting 

[m] 

Northing 

[m] 

County 

Name 

Participating 

Status 

Flicker Duration 

[hour/year] 

Flicker Duration 

[max min/day] 

REC-135 573,665 4,780,153 Charles Mix Non-participating 0.00 0 

REC-136 579,049 4,772,150 Bon Homme Non-participating 0.00 0 

REC-137 579,104 4,772,978 Bon Homme Non-participating 0.00 0 

REC-138* 573,105 4,772,224 Bon Homme Participating 0.00 0 

REC-139 569,781 4,772,134 Charles Mix Non-participating 6.15 26 

REC-140 580,689 4,768,952 Bon Homme Non-participating 5.27 29 

REC-141 577,130 4,782,270 Hutchinson Non-participating 0.00 0 

REC-142 584,340 4,769,093 Bon Homme Non-participating 0.00 0 

REC-143 582,522 4,766,643 Bon Homme Non-participating 0.00 0 

REC-144 582,964 4,764,514 Bon Homme Non-participating 0.00 0 

REC-145 568,186 4,765,929 Charles Mix Non-participating 0.00 0 

REC-146 576,221 4,771,527 Bon Homme Participating 0.00 0 

REC-147 575,778 4,770,361 Bon Homme Participating 15.03 43 

REC-148 568,806 4,770,128 Charles Mix Non-participating 0.00 0 

REC-149 567,763 4,773,526 Charles Mix Non-participating 7.35 31 

 
Notes: 

[1] All coordinates presented in UTM NAD83 Zone 14N (meters) 

[2] All results based on turbine layout in Table B-1 
[3] * Indicates receptor that was analyzed with obstacles. 
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windPRO 3.0.654  by EMD International A/S, Tel. +45 96 35 44 44, www.emd.dk, windpro@emd.dk windPRO10/3/2018 3:58 PM / 1

Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

1A.07: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (295)
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

1A.07: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (295) 1B.10: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (298)
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

2A.21: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (309) 2B.28: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (316) 3A.32: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (320) 3A.33: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (321)
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

3B.43: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (331)

EXHIBIT A3-2
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

4A.44: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (332)

EXHIBIT A3-2
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

3B.39: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (327) 4B.50: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (338)
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

4A.48: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (336) 4B.50: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (338) 4B.51: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (339) 4B.52: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (340)
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

4B.54: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (342)

5A.59: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (347)

5A.60: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (348)

5A.61: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (349)

5A.62: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (350)
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

4B.57: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (345)

EXHIBIT A3-2
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

EXHIBIT A3-2
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

3A.32: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (320)

EXHIBIT A3-2
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

3A.35: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (323) 5A.60: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (348) 5A.61: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (349)

EXHIBIT A3-2
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

2B.23: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (311) 2B.24: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (312)

EXHIBIT A3-2
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

2B.22: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (310) 3A.29: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (317)

EXHIBIT A3-2
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

4A.46: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (334) 4A.49: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (337) 4B.56: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (344)

EXHIBIT A3-2
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

1B.08: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (296)

1B.09: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (297)

2A.21: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (309)

4A.47: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (335)

4A.49: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (337)

4B.50: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (338)

4B.54: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (342)

EXHIBIT A3-2
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

EXHIBIT A3-2
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

EXHIBIT A3-2
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

1A.06: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (294) 1A.07: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (295) 1B.08: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (296) 3A.36: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (324)

EXHIBIT A3-2
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

1A.01: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (289)
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

EXHIBIT A3-2
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 
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(816) 333 9400
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windPRO 3.0.654  by EMD International A/S, Tel. +45 96 35 44 44, www.emd.dk, windpro@emd.dk windPRO10/3/2018 3:58 PM / 24

Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

3B.42: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (330) 4B.52: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (340)
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Project:

sPower Shadow Flicker

Description:

Burns & McDonnell has relied upon information provided by

third-party sources to complete this study. While there is no

reason to believe that the information provided is inaccurate

or incomplete in any material respect, Burns & McDonnell

has not independently verified such information and cannot

guarantee or warranty its accuracy or completeness.

Licensed user:

Burns & McDonnell Engineering Company Inc.

9400 Ward Parkway 

US-KANSAS CITY, MO 64114

(816) 333 9400

Ella D. Rose / edrose@burnsmcd.com
Calculated:

10/3/2018 3:53 PM/3.0.654

SHADOW - Calendar, graphical

Calculation: Results.v6.62xGE3.8_wObstacles_noMap

WTGs

3A.32: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (320) 4A.44: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (332) 4A.45: GE WIND ENERGY GE 3.8-137 3830 137.0 !O! hub: 111.5 m (TOT: 180.0 m) (333)
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I. INTRODUCTION AND QUALIFICATIONS 1 

 2 

Q. Please state your name, employer, and business address. 3 

A. My name is Dr. Mark Roberts.  I am employed by Exponent, Inc. (“Exponent”), and 4 

my office is located at 525 West Monroe Street, Suite 1050, Chicago, Illinois 60661. 5 

 6 

Q. Please describe your educational and professional background. 7 

A. I am a Principal Scientist in the Chicago office of Exponent, a scientific research and 8 

consulting company headquartered in Menlo Park, California.  I have worked at 9 

Exponent since November 2003. 10 

 11 

 Prior to working at Exponent, I held a series of positions with advancing 12 

responsibility in the areas of public health, occupational medicine, and academia.  I 13 

was employed at the Oklahoma State Department of Health from 1972 to 1990 and 14 

held a series of positions culminating in my appointment as the State Epidemiologist, 15 

a post that I held from 1979 to 1982, followed by the position of Consulting 16 

Medical/Environmental Epidemiologist from 1983 to 1990.  In both of these 17 

capacities, I directed epidemiologic investigations consisting of a broad range of 18 

health concerns, from food-borne outbreaks to cancer clusters. 19 

 20 

 I was a faculty member of the Department of Preventive Medicine at the Medical 21 

College of Wisconsin from 1990 to 1997, and I completed my tenure as Associate 22 

Professor and Acting Chairman of the Department.  I have also served as Corporate 23 

Medical Director for several global companies.  While on faculty at the Medical 24 

College of Wisconsin in Milwaukee, Wisconsin, I was contract Medical Director for 25 

Wisconsin Centrifugal, a foundry in Waukesha, Wisconsin.  In this role, I supervised 26 

the health monitoring programs, both company-mandated and Occupational Safety 27 

and Health Administration (“OSHA”) required, in addition to the day-to-day clinical 28 

aspects of the employee health service.  My responsibilities included biological 29 

surveillance of employee population as well as worksite reviews and inspections.   30 

 31 
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 I earned an M.S. in Education in 1972, an M.P.H. in Epidemiology and Biostatistics 32 

in 1974, and a Ph.D. in Epidemiology and Biostatistics in 1979.  I completed medical 33 

school in 1986, an internship in Family Medicine in 1987, and a residency/fellowship 34 

in Occupational and Environmental Medicine in 1990. 35 

 36 

 I am a Fellow of the American College of Occupational and Environmental Medicine.  37 

I have unrestricted licenses to practice medicine in Oklahoma and Wisconsin.  In 38 

addition to my employment experience, I am a past member (2000–2007, 2008–39 

2011) of the Board of Directors, Vice President (2013-2014), and President (2015-40 

2016) of the American College of Occupational and Environmental Medicine in 41 

Arlington Heights, Illinois.  I have been a member of the Board of Directors of Vysis, 42 

Inc. in Downers Grove, Illinois and the Board of Scientific Counselors for the Agency 43 

for Toxic Substances and Disease Registry in Atlanta, Georgia.  In addition, I have 44 

served as an active participant on numerous state and national professional 45 

committees.  My statement of qualifications is attached as Exhibit 1.  46 

 47 

Q. Did you previously provide prefiled testimony in this docket? 48 

A. No. 49 

 50 

II. PURPOSE OF TESTIMONY 51 

 52 

Q. What is the purpose of your Direct Testimony? 53 

A. The purpose of my testimony is to (i) give an overview of public health and 54 

epidemiology principles implicated by an inquiry into the health effects of wind 55 

turbines; (ii) generally assess health claims that have been attributed to wind 56 

turbines in light of the peer-reviewed and published scientific literature; and (iii) 57 

specifically address health concerns relating to infrasound, vertigo, and 58 

“vibroacoustic disease” raised during the public input hearing for the proposed 59 

Prevailing Wind Park (“Project”). 60 

 61 
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Q. Please provide a brief summary of the opinions you are offering in your Direct 62 

Testimony. 63 

A. My opinions can be summarized as follows: 64 

1. Wind turbines, as a cause of specific adverse health effects, have not been 65 

proven by peer-reviewed, published scientific literature; 66 

2. The tried and true scientific method of developing a hypothesis, testing that 67 

hypothesis, publishing the results and having others attempt to repeat the 68 

research has not demonstrated that wind turbines are a causative agent of 69 

specific adverse health effects; 70 

3. An accumulation of anecdotal testimony from persons living near a wind 71 

turbine does not constitute an epidemiological study and is not sufficient to 72 

determine causation; 73 

4. Several well-respected governmental agencies charged with protecting public 74 

health have evaluated the available evidence and have concluded that wind 75 

turbines are not a cause of adverse health effects; and 76 

5. The published literature has shown some association between wind turbine 77 

noise emissions and annoyance.  However, the level of annoyance is often 78 

more closely tied to visual impacts and attitudes regarding wind turbines than 79 

to actual sound levels.  While annoyance is at times associated with various 80 

symptoms, it is not a disease.  Instead, those varied symptoms represent a 81 

normal physiological response. 82 

 83 

Q. What exhibits are attached to your Direct Testimony? 84 

A. The following Exhibits are attached to my Direct Testimony: 85 

• Exhibit 1: Statement of Qualifications. 86 

• Exhibit 2: Australian National Health and Medical Research Council (2010). 87 

Wind Turbines and Health: A Rapid Review of the Evidence. This report was 88 

updated in 2014 and 2015. 89 

• Exhibit 2a: Australian National Health and Medical Research 90 

Council (2014).  Review of Additional Evidence for NHMRC 91 
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Information Paper: Evidence on Wind Farms and Human 92 

Health – Final Report.  93 

• Exhibit 2b: Australian National Health and Medical Research 94 

Council (2015).  NHMRC Statement: Evidence on Wind 95 

Farms and Human Health. 96 

• Exhibit 2c: Australian National Health and Medical Research 97 

Council (2015). Systematic Review of the Human Health 98 

Effects of Wind Farms. 99 

• Exhibit 3: French National Agency for Food Safety, Environment and Labor 100 

(“ANSES”) (2017). ANSES Opinion regarding the expert appraisal on the 101 

“Assessment of the health effects of low-frequency sounds and infrasounds 102 

from wind farms.” 103 

• Exhibit 4: Wisconsin Wind Siting Council (2014). Wind Turbine Siting – Health 104 

Review and Wind Siting Policy Update. 105 

• Exhibit 5: Joseph Rand and Ben Hoen (2017). Thirty Years of North American 106 

wind energy acceptance research: What have we learned? Energy Analysis 107 

and Environmental Impacts Division, Lawrence Berkeley National Laboratory, 108 

Electricity Markets and Policy Group. 109 

• Exhibit 6: Public Service Commission of Wisconsin (2015). Review of Studies 110 

and Literature Relating to Wind Turbines and Human Health. Prepared for the 111 

Wisconsin State Legislature. 112 

• Exhibit 7: Massachusetts Departments of Environmental Protection and 113 

Public Health (2012). Wind Turbine Health Impact Study: Report of the 114 

Independent Expert Panel. 115 

• Exhibit 8: Letter, Kim Malsam-Rysdon, Secretary of Health, South Dakota 116 

Department of Health (Oct. 13, 2017), In the Matter of the Application by 117 

Crocker Wind Farm, LLC for a Permit of a Wind Energy Facility and a 345 kV 118 

Transmission Line in Clark County, South Dakota, for Crocker Wind Farm, 119 
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Docket No.  EL17-055. available at:  120 

https://puc.sd.gov/commission/dockets/electric/2017/el17-055/DK4.pdf. 121 

122 

III. OVERVIEW OF PUBLIC HEALTH AND EPIDEMIOLOGY PRINCIPLES123 

124 

Q. What is the practice of Occupational and Environmental Medicine?125 

A. Occupational and Environmental Medicine is a medical subspecialty that is126 

recognized by the American Board of Medical Specialties and is one of the 127 

population-based specialties of Preventive Medicine.  Specialists in this area are 128 

physicians with advanced training in prevention-based medical care of populations. 129 

Occupational and Environmental Medicine focuses on environment/health 130 

interactions, including workplace-related illnesses and injuries, and workplace 131 

effects on non-work-related conditions.  Occupational and Environmental Medicine 132 

physicians are also trained to assess the possible causes of a worker’s health 133 

condition.  This specialty draws heavily on the key tenets of epidemiology, 134 

biostatistics, industrial hygiene, risk assessment, and toxicology.  I relied extensively 135 

on my training in this field to reach my conclusions noted above. 136 

137 

Q. What is epidemiology?138 

A. Epidemiology is the study of distribution and dynamics of factors in populations.  It is139 

considered the cornerstone methodology in all of public health research, and is 140 

highly regarded in evidence-based medicine for identifying risk factors for disease 141 

and determining optimal treatment approaches to clinical practice.  Epidemiology is 142 

the scientific study of factors affecting the health and illness populations, and in this 143 

capacity, it serves as the foundation and logic of interventions made in the interest of 144 

the public’s health and preventive medicine.  145 

146 

Epidemiological studies are generally categorized as descriptive, analytic (aiming to 147 

examine associations and commonly hypothesized causal relationships), and 148 

experimental (a term often equated with clinical or community trials of treatments 149 

and other interventions).  Case reports and case series are not epidemiological 150 
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studies because they have no comparison group.  Epidemiology addresses whether 151 

an agent can be linked to a cluster of cases, but not whether an agent caused a 152 

specific individual’s disease.  So while epidemiologists cannot diagnose individuals, 153 

they can establish the defining characteristics of clusters of illnesses, such as the 154 

point in time at which a given pathogen from a specific source began to cause 155 

problems and when it stopped.  156 

 157 

In this case, epidemiologic methods are the appropriate tool to guide the 158 

determination of whether wind turbines are the cause of disease in people living 159 

nearby.  The practice of medicine, in contrast, is devoted to preventing, alleviating or 160 

treating diseases and injuries in individuals.  Concerned with disease in populations, 161 

epidemiology is used to determine what is sometimes called “general causation.”  162 

However, it does not establish the cause of an individual’s disease, which is 163 

sometimes referred to as “specific causation.” 164 

 165 

Q. How are “epidemiology methods” used to determine causation? 166 

A. Epidemiology is the basic methodology used to characterize a health condition 167 

among groups of people.  Epidemiology incorporates the methods needed to identify 168 

associations and, ultimately, is used to determine causation.  Epidemiological 169 

research starts with a scientific hypothesis, which is then investigated and the 170 

information is critically reviewed and shared with the scientific community by being 171 

published.  The totality of this research then forms the material to answer the 172 

question, “Is there an association between exposure and the health condition?”  173 

Mere association is not the same as causation.  Two things can be associated, but 174 

one does not necessarily cause the other.  Determination of causation is a higher 175 

level of data assessment including assessment of the totality of published literature 176 

relevant to the subject and requires transparent analysis of the data before it is 177 

concluded that the observed association is actually causal.  Not all associations turn 178 

out to be causal.  If the data is not carefully reviewed, a causal relationship may be 179 

erroneously assigned to the relationship, which is why peer review is so critical to 180 

the process. 181 
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 182 

Q. Can you provide more detail about what the terms “association” and 183 

“causation” mean, as used in epidemiology? 184 

A. There have been clinical observations (case reports and series) that stimulated a 185 

number of now classic epidemiology research efforts identifying important 186 

associations and ultimately the determinants of causal relationships.  Case studies 187 

and case reports, however, cannot be used to determine causation.  A causal 188 

association can only be established by the evaluation of well-designed and executed 189 

epidemiologic studies that have undergone peer review, in addition to research from 190 

other disciplines (e.g., exposure, toxicology).  A landmark discussion of the process 191 

of moving from a disease being associated with a risk factor to concluding the 192 

association is causal was put forth by Sir Austin Bradford Hill in 1965.  It was during 193 

this time that a number of papers, including the Surgeon General Report in 1964, 194 

began to more formally delineate the scientific process for concluding that an 195 

exposure is causally related to a disease.  196 

 197 

The process of moving from “association” to “causation” is a complex process, but a 198 

key point emphasizing the process was made by Sir Bradford Hill when he started 199 

his discussion of causation by stating:  200 

 201 

Disregarding then any such problem in semantics we have this situation. Our 202 

observations reveal an association between two variables, perfectly clear-cut 203 

and beyond what we would care to attribute to chance. What aspects of that 204 

association should we especially consider before deciding that the most likely 205 

interpretation of it is causation? 206 

 207 

Hill 1965.  Sir Bradford Hill’s nine criteria for causation have been described in a 208 

number of ways.  They are commonly referred to as strength, consistency, 209 

specificity, temporality, biological gradient, plausibility, coherence, experiment, and 210 

analogy.  Hill 1965. 211 

 212 
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Q. Are Hill’s nine criteria still valid today?  213 

A. Yes.  The criteria presented by Sir Bradford Hill are most often referred to as the 214 

guidance used to progress in a scientifically defensible manner from a claim of 215 

association to one of causation. 216 

 217 

Q. Please describe some recent examples of how initial studies moved from 218 

association to causation and the ultimate results of those research efforts.    219 

A. Beyond the classic studies of lung cancer and smoking, we now know that there is 220 

an increase in lung cancer from secondhand smoke and from radon exposures.  It 221 

seems that not a week goes by that we do not hear about a new disease association 222 

often related to cancer or heart disease.  Take butter for example, it has fallen in and 223 

out of favor multiple times over the years.  It is only a “proven causation” when the 224 

science provides clear documentation of the magnitude of the association.    225 

 226 

Q. Why is it important that scientific research be published in peer-reviewed 227 

scientific journals? 228 

A. In this computer age, we are awash in “information” without clear evidence of its 229 

validity.  With the advent of the internet, views, opinions, hypotheses, and mere 230 

speculation can be made to appear just as valid as sound science, but without the 231 

rigor of critical and objective review.  For example, an internet search on August 2, 232 

2018 using the terms “wind turbine health” returned 14.2 million results.  Thus, when 233 

making decisions about potential impacts to human health, such as determining 234 

whether wind turbines are a cause of a clinically recognized human condition or 235 

disease, it is vitally important that we rely on sound science and recognized scientific 236 

methods, as supported by peer-reviewed scientific articles.  The act of submitting an 237 

article for publication in a peer-reviewed journal indicates that there is a rigorous 238 

process of review and analysis to assess its scientific merit, its contribution to the 239 

scientific body of knowledge in the specific area, and its pertinence to the area 240 

covered by the journal.  The growth of research and the number of researchers has 241 

increased the competition for publication space in journals worldwide.  Unfortunately, 242 

this growth has also led to publication resources that are not as rigorous in their 243 
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review process, which can result in opinion pieces being published with the 244 

appearance of a science basis (i.e., pseudo-science). 245 

   246 

Today, manuscripts get reviewed at the journal editor level and those that are judged 247 

worthy of consideration (approximately 25 percent) are sent to the peer review panel 248 

members, and roughly 10 percent of those get accepted for inclusion in the journal.  249 

The peer review publication process carefully scrutinizes the major aspects of the 250 

manuscript down to checking the numbers in the tables.  Wind turbines have 251 

generated a large amount of interest and information as evidenced by the millions of 252 

results an internet search of “wind turbine health” will yield.  However, volumes of 253 

unscientific material should not be taken as proof of causation.  Many of the opinions 254 

voiced are not supported by review using a rigorous application of the scientific 255 

method of discovery.  256 

 257 

Q. What is the scientific method of discovery? 258 

A. In the process of an idea or an observation being assimilated into the science 259 

knowledge base, it must first come to someone’s attention.  That can be an astute 260 

observation or a series of events that catches the attention of a science-minded 261 

individual (a researcher).  The individual weighs the observation against what they 262 

know and makes a decision to investigate the observation further.  263 

 264 

The attention of the scientific community is alerted to the opinion based on an 265 

observation, which is usually in the form of case reports or case series.  It should be 266 

recognized by all that case reports and case series are merely observations.  Case 267 

reports or case series are seldom if ever accepted for publication by the leading 268 

science journals, partially due to the fact that case reports are seen as observations 269 

without quantification or other indication of validity.  This quantification or validation 270 

comes from the careful scientific study of the opinion using well-designed 271 

epidemiologic studies and sound scientific methods.  272 

 273 
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A well-designed epidemiologic study allows the researcher to make comparisons 274 

between those with and those without the condition or effect in order to determine if 275 

an association is apparent.  That is, those that are “exposed” are more likely to 276 

manifest the health condition than the “non-exposed” or the “expected number.”  A 277 

good example of this is the investigation of a foodborne outbreak where 278 

epidemiologists compare the rate of occurrence of objective indications of illness in 279 

those persons who ate the suspect food item to the rate of similar illness among 280 

those that did not eat the suspect food item.  The key to this step in the scientific 281 

method is that there is a comparison group to compare objective signs of illness.  A 282 

comparison group is not present in a case report or a series, where the researcher is 283 

speculating (also known as a hypothesis) but cannot make a statement about the 284 

risk (strength of the association).  In an epidemiological study, a method of 285 

comparison is included that will allow the researcher to evaluate the strength of the 286 

association.  Furthermore, one epidemiological study does not prove causation.  The 287 

researcher who publishes the first epidemiological study is the one that alerts his or 288 

her peers and hopefully stimulates them to do more research to explore the 289 

association.  Once a sufficient body of knowledge has been produced, then the 290 

question of causation can be addressed either by governmental agencies or 291 

professional organizations. 292 

 293 

Thus the scientific knowledge base is strengthened by the collective work of different 294 

researchers, using different epidemiological methods, in different study populations 295 

combining their research.  This body of research around the original observation is 296 

then evaluated to see if there is sufficient scientific information to support that a 297 

cause for the condition has been identified and is scientifically justifiable.  298 

 299 

Q. Why utilize scientific methodology when there are case studies and/or 300 

personal testimonials asserting that wind turbines can cause adverse health 301 

effects? 302 

A. The scientific methodology is an accepted process used to evaluate 303 

epidemiologically-based evidence, and make sound, scientifically supportable 304 
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decisions.  There have been numerous examples where an agent first thought to be 305 

the cause of a disease was not confirmed to be so as a result of the scientific 306 

process of hypothesis generation, research, and peer review.  For example, in the 307 

following instances associations between an exposure and disease were disproven:  308 

coffee and pancreatic cancer (ACS 2011); silicone breast implants and autoimmune 309 

diseases (Hölmich et al. 2007); saccharin and bladder tumors (NCI 2009); Bendectin 310 

and birth defects (McKeigue et al. 1994).  In some instances, an alternative cause is 311 

proven:  spicy food and ulcers (turns out many are caused by bacteria) (NIH 2010).  312 

Clearly, initial observations and hypotheses are not always supported by more 313 

thorough scientific investigation.  Even strongly held beliefs by groups of people do 314 

not provide proof of causation and at times can be detrimental to the scientific 315 

process and to public health.  A timely example of such a situation is the current 316 

belief by some that immunizations cause autism.   317 

 318 

 The multiple governmental reviews and reports of public health officials show that 319 

concerns related to wind turbines’ potential for adverse health effects have been and 320 

are being taken quite seriously.  However, the subjective, non-specific complaints, 321 

which show a great deal of variability, are simply insufficient evidence that wind 322 

turbines are the cause of adverse human health effects. 323 

 324 

IV. ASSESSMENT OF HEALTH CLAIMS RELATED TO WIND TURBINES 325 

 326 

Q. What have government agencies concluded about wind turbines? 327 

A. Several agencies (state, national and international) have concluded that wind 328 

turbines are not associated with adverse health effects in humans.  Following are a 329 

few examples of those studies:   330 

• In 2010, the Australian National Health and Medical Research Council 331 

conducted a review of the evidence and concluded that “wind turbines do 332 

not pose a threat to health if planning guidelines are followed.”  Exhibit 2.  333 

The results of the 2010 Australian National Health and Medical Research 334 

Council study were confirmed in subsequent studies.  In 2015, the 335 
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NHMRC concluded that there is no consistent evidence that wind farms 336 

cause adverse health effects in humans.  See Exhibit 2a and Exhibit 2b.  337 

The  2014 NHMRC Final Report found no reliable evidence that wind 338 

turbine emissions cause adverse health effects by biological pathways.  339 

Exhibit 2c.  340 

• In 2017, the French National Agency for Food Safety, Environment and 341 

Labor (“ANSES”) conducted a review of the available experimental and 342 

epidemiological data, and did not find any adequate scientific arguments 343 

for the occurrence of health effects related to exposure to noise from wind 344 

turbines, other than disturbance related to audible noise and a nocebo 345 

effect, which can help explain the occurrence of stress-related symptoms 346 

experienced by residents living near wind farms.  Exhibit 3.  347 

• In 2014, the Wisconsin Siting Council concluded that no association 348 

between wind turbines and health effects has been scientifically shown.  349 

Exhibit 4.  350 

• Researchers at the Lawrence Berkeley National Laboratory similarly found 351 

no link between wind turbines and adverse health effects.  Exhibit 5. 352 

• The Public Service Commission of Wisconsin (2015) concluded that: 353 

“Presently, the recent literature on this subject continues to reach 354 

conclusions similar to those identified in the 2014 WSC report. The studies 355 

have found an association between exposure to wind turbine noise and 356 

annoyance for some residents near wind energy systems. Some studies 357 

show this as a causal relationship between wind turbines and annoyance. 358 

There is more limited and conflicting evidence demonstrating an 359 

association or a causal relationship between wind turbines and sleep 360 

disturbance. There is a lack of evidence to support other hypotheses 361 

regarding human health effects caused by wind energy systems.”  Exhibit 362 

6.  363 

• An independent expert panel for Massachusetts (2012) found that there 364 

was limited evidence supporting an association between wind turbines 365 

and annoyance or possible sleep disturbances. However, the panel 366 
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concluded that “there is insufficient evidence that the noise from wind 367 

turbines is directly (i.e., independent from an effect on annoyance or 368 

sleep) causing health problems or disease.”  Exhibit 7 (italics in original).  369 

 370 

Q. You conducted a review of the peer literature on health effects attributable to 371 

sound. What did it show as it relates to sound generated by wind turbines? 372 

A. My analysis and review of the peer reviewed, published literature did not identify 373 

scientific works that provide objective support for the claims being made regarding 374 

wind turbines.  The peer reviewed, scientific research involving the health effects of 375 

sound levels (from various sources) is extensive.  Research on health effects 376 

associated with human exposure to sound has evolved from the study of physical 377 

damage (e.g., hearing loss) to the study of psychological effects and other non-378 

specific physical symptoms.  Research has focused on both the frequency and 379 

amplitude of sound, within and outside of the audible range of human hearing.  380 

 381 

Most of the available literature examines noise exposures at the workplace, as high 382 

levels of noise exposure are one of the most established forms of occupational 383 

injury.  Noise exposures outside the workplace have not been studied as extensively 384 

yet may be just as damaging (e.g., chain saws, leaf blowers, power saws and lawn 385 

mowers).  However, there has been research on exposures to highway traffic noise, 386 

commercial airport noise, and a variety of other community noise sources that can 387 

provide valuable insight into the evaluation of sound generated by the operation of 388 

wind turbines.  This body of research has identified a number of health-related 389 

associations with high levels of industrial sound in the workplace.  However, this 390 

same science has not identified a causal link between any specific health condition 391 

and exposure to the sound patterns generated by contemporary wind turbine 392 

models, perhaps because they generate far lower decibel levels than most 393 

vocational sources.  This same science has determined that there is a range of 394 

sounds (some would say noise) that is clearly described by some as annoying. 395 

There have been illnesses, symptom complexes, and other health events attributed 396 

to wind turbines.  This is to be expected given the circumstances and emotions that 397 

Exhibit A4

Page 14 of 21 
013968



often surround the presence of wind turbine farms.  This is a common phenomenon 398 

that is associated with activities that may be perceived as a social disruption or 399 

conflict of personal rights by a subset of the population.  400 

 401 

Despite the attribution of various health events to wind turbines, there has not been 402 

a specific health condition documented in the peer-reviewed published literature to 403 

be recognized by the medical community or professional societies as a disease 404 

caused by exposure to sound levels and frequencies generated by the operation of 405 

wind turbines.   406 

 407 

Q. Has the State of South Dakota addressed claims of an association between 408 

wind turbines and health effects?  409 

A. The State of South Dakota has not specifically studied alleged health effects and 410 

wind turbines. However, the Department of Health was asked to opine on the issue 411 

in another docket, In the Matter of the Application by Crocker Wind Farm, LLC for a 412 

Permit of a Wind Energy Facility and a 345 kV Transmission Line in Clark County, 413 

South Dakota, for Crocker Wind Farm, Docket No. EL 17-055. The South Dakota 414 

Secretary of Health, Kim Malsam-Rysdon, submitted a letter consistent with my 415 

testimony (Exhibit 8):   416 

The South Dakota Department of Health has been requested to comment 417 
on the potential health impacts associated with wind facilities.  Based on 418 
the studies we have reviewed to date, the South Dakota Department of 419 
health has not taken a formal position on the issue of wind turbines and 420 
human health.  A number of state public health agencies have studied the 421 
issue, including the Massachusetts Department of Public Health1 and the 422 
Minnesota Department of Health2.  These studies generally conclude that 423 
there is insufficient evidence to establish a significant risk to human 424 
health. Annoyance and quality of life are the most common complaints 425 
associated with wind turbines, and the studies indicate that those issues 426 
may be minimized by incorporating best practices into the planning 427 
guidelines.   428 

 429 

1 http://www.mass.gov/eea/docs/dep/energy/wind/turbine-impact-study.pdf 
2 www.health.state.mn.us/divs/eh/hazardous/topics/windturbines.pdf 
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Q. Based on your review of the available scientific literature, are there potential 430 

adverse health effects from the sound of wind turbines? 431 

A. No, because the levels of sound and infrasound from wind turbines are significantly 432 

lower than those that have been shown to cause harm.  Substantial research has 433 

been done on sound level exposures to humans.  This body of scientific research 434 

has identified a number of health-related links to high level industrial sound in the 435 

workplace.  For example, OSHA has set a limit of 90 A-weighted decibels (“dBA”) 436 

based on a finding that exposure to levels of noise above 90 dBA in the workplace 437 

can cause hearing damage and set an 85 dBA level as the set point of initiation of a 438 

hearing protection program in the workplace.  However, as I noted earlier, this same 439 

science has not identified a causal link between any specific health condition and 440 

exposure to the sound patterns generated by contemporary wind turbine models.  In 441 

addition to my own conclusions, several other respected organizations and agencies 442 

have reached similar conclusions, as I have described previously herein. 443 

 444 

V. SPECIFIC HEALTH ISSUES RAISED AT PUBLIC INPUT MEETING 445 

 446 

Q. Did you attend the public input meeting that was held on July 12, 2018? 447 

A. No, but I have been made aware that the following health concerns were raised by 448 

commenters at that meeting: 449 

 450 

• Infrasound; 451 

• Vertigo; and 452 

• “Vibroacoustic Disease”. 453 

 454 

In addition, I understand that some members of the public expressed concern that 455 

potential health impacts could occur and/or be amplified because Prevailing Wind 456 

Park, LLC (“Prevailing Wind Park”) proposes to use turbine models that are in 457 

excess of 500 feet.  I will address each of these issues in more detail below. 458 

 459 

Q. Please describe the concern related to infrasound as you understand it. 460 
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A. Based on comments made at the public input hearing, I understand that some 461 

commenters expressed concern regarding the potential for infrasound to generally 462 

cause negative health consequences. 463 

 464 

Q. What is infrasound? 465 

A. Infrasound, sometimes referred to as low frequency sound, is sound that is between 466 

0 hertz (“Hz”) and 20 Hz.  Although the human hearing threshold has been found to 467 

be as low as 4 Hz in an acoustic chamber, a level of 20 Hz is commonly considered 468 

the low end of the range of hearing. 469 

 470 

Q. What is your response to comments regarding infrasound? 471 

A. I am not aware of any reliable evidence providing any link between infrasound and 472 

adverse health effects.  Multiple health experts have confirmed this point.  473 

Specifically, infrasound at frequencies lower than 20 Hz are audible at very high 474 

levels (110+ dBA), and these sounds may occur from man-made but also many 475 

natural sources, such as meteors or volcanic eruptions.  Anthropogenic (i.e., human-476 

caused) sources, which often are the predominant type of sound, can also generate 477 

infrasonic noise and include machinery, ventilation, large combustion processes and 478 

naturally occurring winds.3  In addition, heart sounds are in the range of 27 to 35 479 

dBA at 20-40 Hz4 and lung sounds are reported in the range of 5-35 dBA at 150-600 480 

Hz.5  Note that these sources are in the range of sound produced by wind turbines.  481 

Thus, infrasound – both man-made and naturally-occurring – are all around us. 482 

 483 

Q. Please describe the concern related to vertigo as you understand it. 484 

3 Berglund, B., Hassmen, P., and Job, R. F. (1996). Sources and effects of low-frequency noise. Journal 
of the Acoustical Society of America. 99(5), (2985-3002); Leventhall, G. (2007). What is infrasound? 93(1-
3), (130-137); Sienkiewicz, Z. (2007). Rapporteur report: Roundup, discussion and recommendations. 
Progress in Biophysics and Molecular Biology. 93(1-3), (414-420). 
4 Sakai, A., Feigen, L. P., and Luisada, A. A. (1971). Frequency distribution of the heart sounds in normal 
man. Cardiovascular Research. 5(3), (358-363). 
5 Fiz, J. A., Gnitecki, J., Kraman, S. S., Wodicka, G. R., and Pasterkamp, H. (2008). Effect of body 
position on lung sounds in healthy young men. 133(3), (729 -736). 
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A. As I understand the comments at the public input hearing, there was a concern 485 

expressed that the operation of wind turbines may cause (or has caused) vertigo in 486 

some individuals.  Vertigo is the sense that your environment is spinning.  It is a form 487 

of dizziness.  Vertigo is caused by problems in the brain or inner ear, including 488 

sudden head movements, inflammation within the inner ear due to a viral or bacterial 489 

inner ear infection, Meniere's disease, tumors, decreased blood flow to the base of 490 

the brain, multiple sclerosis, head trauma and neck injury, migraine headaches, or 491 

complications from diabetes.   492 

 493 

Q. What is your response to comments regarding vertigo? 494 

A. Based on my review of the scientific literature, I am not aware of any causal 495 

relationship between wind turbines and vertigo.  Published population-based studies 496 

indicate that dizziness (including vertigo) affects between 15 percent and 20+ 497 

percent of adults yearly.  Vertigo associated with the inner ear accounts for about a 498 

quarter of dizziness complaints.  Studies indicate that the prevalence rises with age 499 

and is about two to three times higher in women than in men.  As noted above, there 500 

are many health conditions associated with vertigo, but there appears to be no 501 

single cause, and there has be no scientific study associating wind turbines and the 502 

development of vertigo.6 503 

  504 

Q. Please describe the concerns related to “vibroacoustic disease” as you 505 

understand them. 506 

A. Based on my review of the comments made at the public input hearing, I understand 507 

that some commenters expressed concern about the Project’s potential to cause 508 

“vibroacoustic disease,” a condition asserted to exist for aircraft maintenance 509 

workers by certain researchers in Portugal.   510 

 511 

Q. What is your response to comments regarding vibroacoustic disease? 512 

6 The Epidemiology of Dizziness and Vertigo, Handbook of Clinical Neurology, 2016; 137:67-82 (Chapter 
5). 
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A. Vibroacoustic disease has primarily been studied in aircraft maintenance workers 513 

and has been described by certain Portuguese researchers as a chronic, 514 

progressive, medical condition where there is a thickening of blood vessels which 515 

impedes the normal flow of blood and there is thickening of the membrane around 516 

the heart and of the heart valves.  Aircraft maintenance workers routinely work in 517 

environments with high-intensity sound greater than 110 dBA, coupled with low-518 

frequency sounds below 100 Hz, which are commonly encountered when working in 519 

the vicinity of aircraft.   520 

 521 

A majority of the published work involving vibroacoustic disease has originated from 522 

certain researchers in Portugal and has not been significantly replicated by other 523 

research groups.  Dr. Alver-Pereira (the primary researcher) has testified that she 524 

has concerns about the potential of an association between the sound of wind 525 

turbines and vibroacoustic disease, but she has not reconciled the difference in the 526 

intensity of the low frequency sound she has studied in aircraft maintenance workers 527 

and the low intensity of sound produced by wind turbines.  In addition, Dr. Alver-528 

Pereira has not performed a scientific sound study of wind turbine noise in her work 529 

on vibroacoustic disease.  Based on my work and review of reliable scientific 530 

literature, I am not aware of any link between wind turbines and what Dr. Alver-531 

Pereira describes as vibroacoustic disease. 532 

 533 

Q. With respect to concerns regarding turbine height, does the fact that 534 

Prevailing Wind Park proposes to use a turbine model over 500 feet alter any 535 

of the opinions or conclusions you have provided in this testimony? 536 

A. No, the proposed turbine model’s height does not alter my opinions or conclusions.   537 

 538 

Q. Do you have any other responses to comments made at the July 12, 2018, 539 

public input meeting? 540 
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A. Yes.  I understand that Dr. Jamin Hübner, who holds a Th.D. in Systematic 541 

Theology,7 submitted what he termed “A Partial Bibliography of Academic Literature 542 

Demonstrating Adverse Health Effects of Industrial Wind Turbines.”  In general, the 543 

submission is an aggregation of statements taken from articles and provides little 544 

synthesis of the findings of the articles.  As I have previously discussed in this 545 

testimony, numberous state, national, and international governmental bodies have 546 

concluded that wind turbines are not associated with a specific adverse health effect 547 

in humans.  Dr. Hübner’s document is not an accurate representation of the current 548 

state of the science in this area.  A more detailed review of the articles which Dr. 549 

Hübner has selectively chosen, and from which he has selectively pulled quotes, 550 

illustrates that these articles often do not support Dr. Hübner’s stated conclusion that 551 

the literature “demonstrate[s] adverse health effects of industrial wind turbines.”  552 

Rather, this literature concludes the opposite.   553 

 554 

 For example, Dr. Hübner’s document refers to a report I co-authored for the 555 

Wisconsin Public Service Commission in 2009 related to low frequency sound; 556 

however, the document quotes the report out of context and, as such, misrepresents 557 

the conclusion we reached.  The portion of our literature review quoted by Dr. 558 

Hübner summarizes diverse studies generally related to low frequency sound and 559 

the workplace.  If Dr. Hübner had read further in the literature review, he would have 560 

seen the following discussion:  561 

 562 

 The literature, both scientific and lay, clearly indicates the 563 

diversity of concerns regarding the presence of wind turbines 564 

near residences and communities. The science of sound is 565 

robust and has identified a number of health-related links to 566 

high level industrial sound in the workplace. This same 567 

science has not identified a causal link between any specific 568 

health condition and exposure to the sound patterns 569 

7 See http://jwc.edu/teams/jamin-hubner/ (last accessed August 10, 2018). 
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generated by wind turbines of the type used today, perhaps 570 

because they generate far lower decibel levels than most 571 

vocational sources. However, the same science has 572 

determined that there is a range of sounds (some would say 573 

noise) that is clearly described by some as annoying. The 574 

process of being annoyed is a universal response that is not 575 

specific to wind turbines.   The nonspecificity of annoyance 576 

leads to confusion and concern that the peer reviewed 577 

published scientific literature has not been able to 578 

adequately clarify.   579 

 580 

 In addition, our literature review concluded: “Based on the literature review that was 581 

conducted for this white paper, there was not any scientifically peer-reviewed 582 

information found demonstrating a link between wind turbines and negative 583 

health effects.”  As such, Dr. Hübner’s citation of my literature review as support for 584 

his assertion that wind turbines cause negative health impacts is misplaced.   585 

 586 

VI. CONCLUSION 587 

 588 

Q. Does this conclude your Direct Testimony? 589 

A. Yes. 590 

 591 

Dated this 10th day of August, 2018. 592 
 593 

 594 

 595 

Dr. Mark Roberts 596 
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Name: 

Address: 

CURRICULUM VITAE 

Mark A. Roberts, M.D., Ph.D., FACOEM 
Principal Scientist, Health Practice 

Exponent 
525 West Monroe Street 
Suite 1050 
Chicago, Illinois 60661 
Telephone: 312 999 4202 
Facsimile: 312 999 4299 
Cell: 312 961 9391 
E-mail: mroberts@exponent.com 
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EDUCATION 

1967-69 A.S. 
1969-71 B.S. 
1971-72 M.Ed. 

Pre-Veterinary Medicine. Murray State College, Tishomingo, OK 
Zoology. University of Oklahoma, Norman, OK 
Higher Education, Student Personnel Services, University of 
Oklahoma, Norman, OK 

1972-74 M.P.H. 

1974-79 Ph.D. 

1982-86 M.D. 

Biostatistics and Epidemiology. University of Oklahoma, Health 
Sciences Center, Oklahoma City, OK 
Biostatistics and Epidemiology. University of Oklahoma, Health 
Sciences Center, Oklahoma City, OK 
College of Medicine. University of Oklahoma, Health Sciences 
Center, Oklahoma City, OK 

POST GRADUATE TRAINING 

1986-87 

1987-89 

1989-90 

1990 

1996 

Intern, Family Medicine, University of Oklahoma, Health Sciences 
Center, Oklahoma City, OK 
Resident Occupational Medicine Program University of Oklahoma, 
Health Sciences Center, Oklahoma City, OK 
Research Fellow in Occupational Medicine Program University of 
Oklahoma, Health Science Center Oklahoma City, OK 
American College of Occupational Medicine, Medical Review Officer 
Training Course for Urine Drug Testing, October 12-13, 1990, 
Pittsburgh, PA 
American College of Occupational and Environmental Medicine, 
Medical Review Officer Refresher Course, October 27, 1996, Toronto, 
Ontario, Canada 
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MEDICAL SPECIALTY BOARD CERTIFICATION 

1991-present  American Board of Preventive Medicine, Occupational Medicine 

LICENSURE 

1988-present  Oklahoma 16402 

1990-present Wisconsin 31165 

1998-2017 Illinois 0036-098014 

PROFESSIONAL EXPERIENCE 

1972-1979 Staff Positions, Epidemiology Program, Division of Communicable 

Disease Control, Oklahoma State Department of Health, Oklahoma City, 

OK. 

1979-1982 State Epidemiologist and Chief of the Epidemiology Service, Oklahoma 

State Department of Health, Oklahoma City, OK. 

1982-1986 Consultant Environmental Epidemiologist, Environmental Health 

Services, Oklahoma State Department of Health, Oklahoma City, OK. 

1987-1990 Medical/Environmental Epidemiologist, Environmental Health Services, 

Oklahoma State Department of Health, Oklahoma City, OK. 

1990-1996 Assistant Professor, Medical College of Wisconsin, Department of 

Preventive Medicine, Milwaukee, WI. 

1991-1997 Medical Director, Employee Health Services, Miller Brewery, Aldrich 

Chemicals, St. Mary’s Hospital, Wisconsin Centrifugal and Wisconsin 

Bell Milwaukee, WI. 

1994-1997 Residency Programs Director, Medical College of Wisconsin, Department 

of Preventive Medicine, Milwaukee, WI. 

1994-1997 Assistant Professor, Medical College of Wisconsin, Health Policy Institute 

(Epidemiology), Milwaukee, WI. 

1995-1997 Acting Chairman,  Medical College of Wisconsin, Department of 

Preventive Medicine, Milwaukee, WI. 

1995-1997 Medical Consultant, Rowan & Blewitt, Inc., Washington, DC. 

1996-1997 Associate Professor, Medical College of Wisconsin, Department of 

Preventive Medicine, Milwaukee, WI. 

1996-1997 Medical Director, Medical College of Wisconsin, Occupational Health 

Clinic, Milwaukee, WI.  

1996-1997 Medical Advisor to Administrative Law Judge, Social Security 

Administration, Office of Hearings and Appeals, Milwaukee, WI. 

1997-1998 Associate Corporate Medical Director, Amoco Corporation, Chicago, IL. 

1998-2000 Associate Corporate Medical Director and Regional Medical Advisor for 

North America, BP Inc., London, UK. 

2000- 2003 Corporate Medical Director and Regional Medical Advisor for North 

America, BP Inc., London, UK. 

2003-2007 Senior Managing Scientist, Exponent, Chicago, IL. 

2007-present   Medical Advisor, West Allis Health Department, West Allis, WI. 

2007-present   Medical Advisor, Wauwatosa Health Department, Wauwatosa, WI. 

2007-present   Principal Scientist, Health Practice, Exponent, Chicago, IL. 
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PROFESSIONAL EXPERIENCE (continued) 

2009-2015       Director, Exponent Center for Occupational and Environmental Health 

2010-present Member, Exponent Institutional Review Board (IRB) 

2011-present Member, Exponent Safety Committee 

BOARDS, PANELS, COMMITTEES AND DIRECTORSHIPS 

1990- 1995  Health Studies Review Group, Agency for Toxic Substances and Disease 

 Registry, Division of Health Studies, Atlanta, GA. 

1991- 1996  Member, Public Health Committee, Medical Society of Milwaukee 

County, Milwaukee, WI. 

1991- 1994  Member, Commission on Environmental and Occupational Health, State 

Medical Society of Wisconsin, Madison, WI. 

1991-1998 Representative of the State Medical Society, Wisconsin Hospital 

Association's Task Force on Environmental Issues, Madison, WI. 

1991-1992 Special Committee on Medical Waste Disposal, Wisconsin Department  

 of Natural Resources, Madison, WI. 

1991- 1993 Member of Public Health Advisory Forum, Wisconsin Department of 

Health and Social Services, Division Health, Madison, WI. 

1992-1997 Member, Environmental Medicine Committee, American College of 

 Occupational and Environmental Medicine, Arlington Heights, IL. 

1993-1997 Chairman, Committee on Liaison with Governmental Agencies, Council 

on External Affairs, American College of Occupational and 

Environmental Medicine, Arlington Heights, IL. 

1994-1998 Chairman, Commission on Environmental and Occupational Health, State 

Medical Society of Wisconsin, Madison, WI. 

1994-1998 Member, Great Lake Fish Consumption Advisory Protocol Panel, 

Michigan Environmental Science Board, Lansing, MI. 

1995-1998 Member, Board of Scientific Counselors, Agency for Toxic Substances 

and Disease Registry, Atlanta, GA. 

1995-1996 Member, Institutional Strategic Plan Task Force, Education Task Force for 

the Medical College of Wisconsin, Milwaukee, WI. 

1995-1996 Member, Rehabilitation Center Task Force, Medical College of 

Wisconsin, Milwaukee, Wisconsin. 

2000-2007 Member, Board of Directors, American College of Occupational and 

Environmental Medicine, Chicago, IL. 

2001-2002 Member, Board of Directors, Vysis, Inc, Downers Grove, IL. 

2004-2010       Member, Institute of Medicine of Chicago, Chicago, IL 

2005-2006 Treasure, Medical Directors Club of Chicago, Chicago, IL 

2006-2007       President, Medical Directors Club of Chicago, Chicago, IL 

2008-2011 Member, Board of Directors, American College of Occupational and 

Environmental Medicine, Chicago, IL. 

2008-2015      Associate Clinical Professor, Institute of Health and Society, Medical  

                   College of Wisconsin, Milwaukee, WI 

2010-2016      Board of Directors, Chicago Section of American Industrial Hygiene  

                   Association, Chicago, IL 
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BOARDS, PANELS, COMMITTEES AND DIRECTORSHIPS (continued) 

2011-2014 Board of Governors, Central States Occupational & Environmental Health 

Association, Chicago, IL 

2012-2013 Committee on Potential Health Risks from Recurrent Lead Exposure to 

DOD Firing Range Personnel, National Research Council, National 

Academies, Washington, DC 

2010-2015 Advisory Board member, Illinois Occupational Surveillance              

Program at the University of Illinois at Chicago, Environmental and                                                                         

Occupational Health Science Division 

2010-Present Residency Advisory Committee, University of Illinois at Chicago, 

Occupational Medicine Residency Program, Chicago, IL 

2013-2014 Vice President, American College of Occupational and Environmental 

Medicine, Arlington Heights, IL  

2015-2016 President, American College of Occupational and Environmental 

Medicine, Arlington Heights, IL 

2016-2017 Past President, American College of Occupational and Environmental 

Medicine, Arlington Heights, IL 

2016-Present   Advisory Board Member, Underwriters Laboratory, Integrated Health and 

Safety Institute, Northbrook, IL 

PUBLICATIONS 

Editor, Oklahoma Communicable Disease Bulletin, a weekly publication covering 

current topics of public health interest. 1977-82. 

Saah A., Mallonee J., Tarpay M., Thornsberry C., Roberts M., Rhoades E. "Relative 

Resistance to Penicillin in Pneumococcus: A Prevalence and Control Study," J. Am. 

Med. Assoc., Volume 243, Number 18, 1980, pp. 1824-1827. 

Bernard K., Roberts M., Sumner J., Winkler G., Mallonee J., Baer G., Chaney R."Human 

Diploid Cell Rabies Vaccine," J. Am. Med. Assoc., Volume 247, Number 8, 1981, pp. 

1138-1142. 

Morton D., Saah A., Silberg S., Owens W., Roberts M. "Lead Absorption Among 

Children of Employees in a Lead Related Industry," Am. J. Epid., Volume 115, Number 

4, April 1982, pp.549-555. 

Vernon A., Thacker S., Roberts M., Mallonee J., Beauchamp H. "Rabies in Oklahoma: 

An Epidemiologic View of the Problem in Animals,” J. Okla. State Med. Assoc., Volume 

76, Number 8, August 1982, pp. 293-299. 

Helmick C., Vernon A., Schwartz S., Ward M., Roberts M. "Rabies in Oklahoma: Report 

of a Human Case," J. Okla. State Medical Assoc., Volume 76, Number 8, August 1982, 

pp. 287-292. 

Tacket C., Barrett T., Mann J., Roberts M., Blake P. "Wound Infection Caused by 

Vulnificus, A Marine Vibrio, In Inland Areas of the United States," J. Clin. Micro., 1984, 

Volume 19, pp.97-99.  
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PUBLICATIONS (continued) 

Felsenfeld A, Roberts M. "A Report of Fluorosis in the United States Secondary to 

Drinking Well Water, "J. Am. Med. Assoc., Volume 265, Number 4, January 1991, pp. 

486-488.  

Roberts M., O'Brien M. "Public Health and the Environment: Where Do We Go From 

Here?"  Invited Article, Wisconsin Public Health Association Newsletter, Milwaukee, 

Wisconsin, March 1994. 

Clarke C., Mowat F., Kelsh M., Roberts M.  “Pleural Plaques: A Review Of Diagnostic 

Issues And Possible Non-Asbestos Factor,” Arch. Env. & Occ. Health, Vol. 61, Number 

4, July/August 2006, pg. 183-192.  

Alexander D., Cushing C., Lowe K., Sceurman B., Roberts M.   “Meta-analysis of animal 

fat or animal protein intake and colorectal cancer,” Am. J. Clin. Nutr. 2009;89:1-8. 

 

Hymel P, Loeppke, R., Baase, C., Burton, W., Hartenbaum, N., Hudson, W., McLellan, 

R., Mueller, K., Roberts, M., Yarborough, C., Konicki, D., and Larson, P., “Workplace 

Health Protection and Promotion: A New Pathway for a Healthier and Safer Workforce,” 

J. Occ & Env Health Vol. 53, Number 6, June 2011, pp. 695-702 

 

Roberts, J., Roberts, M., “Wind Turbines: is there a human risk,” J. Env. Health, Vol. 75, 

Number 8, April 8, 2013. 

 

Loeppke, R et al., “Integrating Health and Safety in the Workplace,” J. Occ & Env Health 

Vol. 57, Number 5, May 2015, pp. 685-697 

BOOK CHAPTERS 

Roberts M., “Role of Aviation in the Transmission of Disease,” Fundamentals of 

Aerospace Medicine, Second Edition, 1996, Chapter 33, pp. 1003-1015. 

Hudson, TW, Roberts, M.,  “Corporate Response to Terrorism,” in Clinics in 

Occupational and Environmental Medicine, “Terrorism: Biological, Chemical and 

Nuclear, Volume 2, Number 2, February 2003, pages 389-404. 

REPORTS/SURVEYS 

Roberts, M., Walker F., "Cancer Cluster Investigation in Ponca City Oklahoma," 

Oklahoma State Department of Health, 1988, Oklahoma City, OK. 

Greaves W., Roberts M., Moore S. "Investigation of Employee Health," November 1990, 

Modine Manufacturing Company, Emporia, KS. 

Roberts, M., “Medical Waste Disposal in the State of Wisconsin: A Report of the Special 

Committee on Medical Waste Disposal, “Report to the Wisconsin Legislature, PUBL-

AM-068-91, October 23, 1991, Madison, WI. 

Roberts M., "Investigation of Suspected Building Associated Illness in a Public School 

Building," December 1993, Milwaukee, WI. 

Roberts M., Cohen S. "Cancer Mortality Studies of a Petroleum Refinery Employee 

Cohort," January 1994, Milwaukee, WI. 
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REPORTS/SURVEYS (continued) 

Roberts M., Cohen S. "Utility of Health Surveillance in a Petroleum Refinery Employee 

Cohort," April 1994, Milwaukee, WI. 

Roberts M., Kitscha D & Blessinger J. “Cohort Mortality Study Update of Employees at 

the Velsicol Chattanooga Plant 1943-1992," Milwaukee, WI. 

Fischer L., Bolger P., Calson G., Jacobson J., Knuth B., Radike M., Roberts M., Thomas 

P., Wallace K., Harrison K.  “Critical Review of a Proposed Uniform Great Lakes Fish  

Advisory Protocol,” September, 1995.  Michigan Environmental Science Board, Lansing, 

MI.   

Roberts M., Kitscha D. “Evaluation of Respiratory Complaints Associated with Metal 

Milling Processes,” Milwaukee, WI.  August 1996 

Roberts M., Kitscha D. "Evaluation of Indoor Air Quality in a Public School Setting: A 

Case Control Study," Kenosha, WI.  October 1996 

Roberts, M. “Evaluation of the Scientific Literature on the Health Effects Associated with 

Wind Turbines and Low Frequency Sound”, prepare for Wisconsin Electrical Power 

Company (WEPCO), October 29, 2009, Milwaukee, WI. 

 

COURSE STUDY GUIDES 

For Distance Learning Program 

Roberts, M., "Environmental Health: A Study Guide," Academic Program in 

Occupational Medicine, Medical College of Wisconsin, August 1992, Milwaukee, WI. 

Roberts, M., O'Brien, M. "Biostatistics: A Study Guide," Academic Program in 

Occupational Medicine, Medical College of Wisconsin, April 1994, Milwaukee, WI.  

PRESENTATIONS  

"Preliminary Report on a Statewide Rabies Pre-exposure Prophylaxis Program,” The 

International Northwestern Conference on Diseases in Nature Communicable to Man, 

August 12-14, 1974, Boise, ID. 

"Geographical and Ecological Distribution of Rocky Mountain Spotted Fever in 

Oklahoma," Twenty-seventh Annual Southwest Conference on Diseases in Nature 

Transmissible to Man, March 10-11, 1977, Austin, TX.  

"Foodborne Illness Incidence and Investigation," National Society of Professional 

Sanitarians' Annual Meeting, November 1-3, 1979, Springfield, MO. 

"A Serosurvey of Brucella canis Antibody Titers in Dogs and Their Owners," Thirtieth 

Annual Southwest Conference on Diseases in Nature Transmissible to Man, March 27-

28, 1980, Temple, TX. 

"A Human Rabies Case in Oklahoma," Thirty-second Annual Southwest Conference on 

Diseases in Nature Transmissible to Man, March 25-26, 1982, Austin, TX. 

"On the Other Side of the Fence," Seventy-fourth meeting, American Occupational 

Health Conference, April 29-May 5, 1989, Boston, MA. 
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PRESENTATIONS (continued) 

"Indoor Air Pollution - Update," University of Tulsa Division of Continuing Education 

and the Center for Environmental Research and Technology, May 8-9, 1989, Oklahoma 

City, OK. 

“Issues and Decisions in Environmental Health," University of Oklahoma Academy of 

Retired Professors, Sept 26, 1989, Norman, OK. 

"Balancing Public Health and Environmental Health," Oklahoma Society of Professional 

Sanitarians.  October 12, 1989, Oklahoma City, OK. 

“Occupational Health and Epidemiology," University of Oklahoma, College of Public 

Health, Alumni Day 1989, Oklahoma City, OK. 

"Environmental Aspects of Economic Development: Realities vs. Perceptions," 

Leadership Oklahoma 1990, March 2, 1990, Ponca City, OK. 

"Occupational Health Team Members and Resources," Practical Approaches to 

Occupational Medicine, March 3, 1990, Oklahoma City, OK. 

"Putting Environmental Health Back in Public Health," South Carolina Public Health 

Association Annual Meeting, May 24, 1990.  Myrtle Beach, S.C. 

"Board Certification in Occupational Medicine," Industrial Epidemiology Forum, May 

1990, Salt Lake City, UT. 

"Environmental Epidemiology in Relation to Occupational Medicine," Midwestern 

Medical Director's Association (Insurance Medicine), October 26, 1990, Wausau, WI. 

"Environmental Medicine: Fact or Fantasy," Oklahoma College of Occupational 

Medicine, Fifteenth Annual Fall Educational Meeting, November 2-3, 1990, Edmond, 

OK. 

"Drug Testing in the Workplace," 21st Annual Winter Refresher Course for Family 

Physicians, January 21, 1991, Milwaukee, WI. 

"Risk Communication: Challenge of Today's Society," Oklahoma Public Health 

Association Annual Meeting, April 4, 1991, Tulsa, OK. 

"Social, Political and Legal Aspects of Environmental Health," American College of 

Occupational Medicine, State of the Art Conference, Seminar Director, October 28, 1991, 

St. Louis, MO. 

"Workplace Standards Applied to the Non-Workplace Population," American College of 

Occupational Medicine, State of the Art Conference, October 31, 1991, St. Louis, MO. 

"Strategic Planning for the Americans with Disabilities Act," Hospital Council of Greater 

Milwaukee Area, Co-Director, March 31, 1992., Milwaukee, WI. 

"Health and Safety in the Health Care Workplace," Krukowski & Costello, S.C., Guest 

Speaker, June 6, 1992, Oconomowoc, WI. 

"Trials and Tribulations of Occupational Medicine in Primary Care," Family Health 

Plan's Eight Annual Family Practice Symposium, Invited Speaker, August 5, 1992, 

Milwaukee, WI.  
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PRESENTATIONS (continued) 

 “Business Partnership Opportunities in Occupational and Environmental Medicine,” 

Discussion Leader, Governor’s Forum on Technological Transfer and Business 

Partnerships, September 24, 1992, Milwaukee, WI. 

"Effects of the Americans with Disability Act on Industry," Wisconsin State Association 

of Occupational Health Nurses, 6th Annual Meeting, Invited Speaker, October 8, 1992, 

LaCrosse, WI. 

"Community TB Control: The Good, the Bad and the Ugly," American Lung 

Associations' conference "TB in the '90s: An Aberration or an Epidemic?", Invited 

Speaker, October 16, 1992, Madison, WI. 

"Occupational Medicine in the Hospital Setting," Medical Grand Rounds Williamsport 

Hospital & Medical Center, Invited Speaker, April 16, 1993, Williamsport PA. 

“Sick Building Syndrome: Fact or Fantasy?” Milwaukee Area Medical Directors’ 

Association, January 23, 1994, Milwaukee, WI. 

"Biological Monitoring from the Industrial Viewpoint," American Occupational Health 

Conference, April 15-22, 1994, Chicago, IL.  

"Biological Monitoring," Session Moderator, American Occupational Health Conference, 

April 15-22, 1994, Chicago, IL.  

“Occupational Health: Resolve to Reform,” Keynote Address, Southeastern Wisconsin 

Association of Occupational Nurses Annual Meeting, May 11, 1994, Milwaukee, WI. 

 “ADA Issues in the Hospital Setting,” St. Mary’s Hospital Administrative Staff, January 

11, 1995, Milwaukee, WI. 

“Update on the Clinical and Epidemiological Aspects of Indoor Air Complaints,” Indoor 

Air Quality Seminar, January 19, 1995, Madison, WI. 

 “Plugging Occupational and Environmental Concepts into Medical Schools,” ACOEM 

Session #137, “Integrating Environmental Health into Medical School Curricula,” April 

28-May 5, 1995, Las Vegas, NV. 

“Bloodborne Pathogens: The Standard and Its Implementation,” Milwaukee Area 

Medical Directors’ Association, May 18, 1995, Milwaukee, WI. 

“The Clinical Importance of Sick Building Syndrome,” University of Oklahoma College 

of Medicine, Department of Family Medicine, Grand Rounds, August 24, 1995, 

Oklahoma City, OK. 

“Psychological Factors in Occupational Medicine and Rehabilitation,” Milwaukee 

Psychiatric Hospital, Invited Speaker, Contemporary Issues in Mental Health and 

Addiction Medicine, September 6, 1995, Milwaukee, WI. 

“Multiple Chemical Sensitivity,” Wisconsin State Association of Occupational Health 

Nurses, 8th Annual Meeting, Invited Speaker, October 4, 1995, Egg Harbor, WI. 

“Health Problems Associated with Pesticide Contaminated Well Water” Conference on 

Common Rural and Agricultural Health Problems, sponsored by the Marshfield Clinic, 

May 9, 1996 Madison, WI. 
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PRESENTATIONS (continued) 

“Indoor Air Complaint Evaluations: An Update”, Central States Occupational Medicine 

Association, September 28, 1996, Milwaukee, WI. 

“Summer and Vacation Safety,” Milwaukee Area Safety Council, May 2, 1997, 

Milwaukee, WI. 

“Basic Safety & Health for Occupational Health Practitioners,” Veterans Affairs Medical 

Center, September 12, 1997, Little Rock, AR. 

“Epidemiological Issues in Welding Fume Exposure.”  Harris Martin Welding Rods 

Conference, June 16th, 2004, San Francisco, CA. 

“Silica: Complex Made Simple,” Ohio Association of Civil Trial Attorneys Asbestos & 

Silica Litigation Conference, September 29, 2004, Cleveland, OH. 

“Diagnosing and Proving Manganese Exposure.”  Mealey’s Welding Rod Litigation 

Conference, October 8, 2004, West Palm Beach, Florida. 

“Epidemiological Issues in Welding Fume Exposure.”  Mealey’s Welding Rod Litigation 

Conference, November 15, 2004, New Orleans, LA.  

 “Welding Rod Litigation: A Primer on the Legal and Medical/Science Issues,” DRI 

Telephone Conference, March 8th, 2005, Chicago, IL. 

 “Diagnosing and Proving Manganese Exposure.”  ACI Second National Forum on 

Welding Rod Litigation, June 20, 2005, Chicago, IL. 

“What’s the Next Deep Pocket Mass Tort to Hit the Automotive Industry?” Product 

Liability-Hot Topics Seminar for Defense Counsel, September 14, 2005, Troy, MI. 

“Emerging Health Issues in Welding.” Chicago Section AIHA and Northeastern IL 

Chapter of ASSE, November 16, 2005, Palatine, IL. 

 “Rules of the Communication Road.” AIHce 2007 Roundtable “Communicating Risk / 

Communicating Cause,” June 6, 2007, Philadelphia, PA.   

“Integration of Health and Productivity Programs with Safety Performance” CICI 

Conference, November 27, 2007, Willowbrook, IL. 

“Advanced Epidemiology: The Good, The Bad and The Ugly,” DRI Complex Medicine 

Seminar, November 13, 2008, San Diego, CA. 

“Careers in Occupational and Environmental Health: Public Health, Corporate Practice, 

Academia or Consulting?” UIC Occupational and Environmental Medicine Conference, 

March 4, 2009, Chicago, IL.  

“Occupational and Environmental Health: Challenges in Public Health, Corporate 

Practice, Academia and Consulting?” UIC Occupational and Environmental Medicine 

Conference, August 18, 2010, Chicago, IL.  

“What’s New is Old: Emerging Health Issues from Alternative Energy” Exponent 

Webinar, Chicago, IL, March 30, 2012 

“Introduction to Industrial Hygiene,” ACOEM Foundations Course, Los Angeles, CA, 

April 27-28, 2012 
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PRESENTATIONS (continued)  

 “Environmental Impacts of Alternative Energy Technologies: Fatal Flaws and Why 

Some Projects Fail,” Exponent Webinar, Chicago, IL November 26, 2012 

“Weighty Issues in the Workplace” Central States Occupational & Environmental 

Medicine, Spring 2013 Meeting, March 15, 2013, Lisle, IL. 

“Weighty Issues in the Workplace” WorkSafe Iowa Spring 2013 Network Meeting 

Heartland Center for Occupational Health and Safety, University of Iowa College of 

Public Health, Cedar Rapids, IA May 2, 2013 

“Natural gas extraction -Rising energy demands mandate a multi-perspective approach” 

AIHA 2013 Fall Conference Workshop, Miami, FL October 1, 2013 

“Epidemiology 101: A real World adaptation” University of Illinois, Chicago, IL January 

12, 2015. 

“Waterborne Diseases” Professional Development Course, Chicago Section AIHA, West 

Chicago, IL, April 21, 2015 

“Navigating Wind Energy Issues” Webinar, Chicago, IL April 29, 2015 

“Biofilms in Drinking Water: Creative Creatures” Society of Occupational Medicine 

Annual Scientific Meeting, Manchester, England, July 9, 2015 

“Evolving Science: Danger Work Ahead,” Michigan Occupational & Environmental 

Medicine Association’s 90th Annual Scientific Meeting, Lansing, MI, September 19, 

2015 

“The Good, The Bad, and The Ugly of Evidence & Risk based Health Surveillance,” 

Employee Health & Wellbeing Conference, Doha, Qatar, October 11-13, 2015 

“Hot Topics in OSHA Compliance” Webinar, Chicago, IL November 10, 2015 

ACOEM Presidential presentations in 2016 included numerous presentations to 

Components, other health and safety organizations and international groups. 

POSTER SESSIONS 

Roberts M.  “TOMES/CCIS Computerized Information Systems,” Health Information 

Technology Symposium, Medical College of Wisconsin, November 8, 1990, Milwaukee, 

WI. 

Roberts M., Lindemann J, Simpson D., and Tyborski M. "Computerization of the 

Educator's Portfolio," Central Group on Educational Affairs, Innovations in Medical 

Education, Central Region Research in Medical Education, April 22, 1994, Chicago, IL. 
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POSTER SESSIONS (continued) 

Roberts M.M., Parks TJ, Wertsch JJ, and Roberts M.A., “Ulnar Sensory Responses in the 

Elderly”, American Academy of Electromyography, Annual Scientific Meeting, 

September 30-October 1, 1994, San Francisco, CA. 

Roberts M.M., Parks TJ, Wertsch JJ, Roberts M.A.  “Median, Ulnar, and Radial Sensory 

Responses in the Elderly,” American Academy of Electromyography, Annual Scientific 

Meeting, September 30-October 1, 1994, San Francisco, CA. 

Roberts M., Lindemann J, Simpson D, and Tyborski M “Results of Beta Testing of the 

Computerized Version of the Educator’s Portfolio, 33rd Annual Research in Medical 

Education Conference, Association of American Medical Colleges, October 30-

November 1, 1994, Boston, Massachusetts. 

Lindeman J., Roberts M., Simpson D.  The Educator’s Portfolio: Beta testing of the 

Computerized Version, Electronic Poster Session, 28th Annual STFM Spring 

Conference, New Orleans, 1995. 

ABSTRACTS 

Hegmann KT, Greaves W., Moore SJ, Roberts M. "Case-Control Study of Respiratory 

and Reproductive Symptoms at an Automobile Parts Manufacturing Facility." Accepted 

for Society for Epidemiological Research, June 15-18, 1994, Miami Beach, FL. 

Alexander D., Cushing C., Roberts M.  Quantitative assessment of red and processed 

meat intake and kidney cancer.  Experimental Biology, New Orleans, LA 2009. 

EDUCATIONAL ACTIVITIES 

Undergraduate  

1992-97 Lecturer, M-3 Ambulatory Medicine Course, Topic “Low Back and 

Shoulder Examination”  

1992-97 Lecturer, M-1 Gross Anatomy, Topic “Plug in Concepts related to Low 

Back Pain,” includes a series of 4 team-taught lectures. 

1994-97 Senior Elective Preceptor & M-1 Mentor Program, Occupational & 

Environmental Medicine Medical College of Wisconsin. 

Graduate 

1992-98 MPH Student Project Advisor, Distance Learning Program at Medical 

College of Wisconsin 

1992-98 Epidemiology Course Coordinator and Primary Instructor, Master’s 

Degree in Public Health, Medical College of Wisconsin, Department of 

Preventive Medicine, Milwaukee, Wisconsin (Ave 49 students per 

trimester.) 

1992-98 Environmental Health Course Coordinator and Primary Instructor, Masters 

Degree in Public Health, Medical College of Wisconsin, Department of 

Preventive Medicine, Milwaukee, Wisconsin (Ave 36 students per 

trimester). 

1992-1994 Biostatistics Course Coordinator and Primary Instructor, Master’s Degree 

in Public Health, Medical College of Wisconsin, Department of 

Preventive Medicine, Milwaukee, Wisconsin (Ave 34 students per 

trimester). 
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EDUCATIONAL ACTIVITIES (continued) 

1992-97 Waukesha Memorial Hospital Family Medicine Residency Program, 

Resident supervisor for rotations in Occupational Medicine. 

1993-97 Columbia Family Practice Residency Program, Resident supervisor for 

rotations in Occupational Medicine. 

1995 Course Director and lecturer, Basic Curriculum in Occupational Medicine 

Part II presented to physicians attending the American College of 

Occupational and Environmental Medicine Meeting, October 21-22, 1995 

Seattle, Washington. 

1995-99 Lecturer, Basic Curriculum in Occupational Medicine Part II presented to 

physicians attending the American College of Occupational and 

Environmental Medicine Meetings 

CME Courses 

 Video Production- “Musculoskeletal Workshop Low Back/Shoulder 

Exam,” a one hour presentation distributed by the Division of Educational 

Services, Medical College of Wisconsin, 1994. 

 Employee Health Services in the Hospital Setting, American Practitioners 

of Infection Control and Epidemiology, St. Michael’s Hospital, October 6, 

1994. 

Educational Software Development 

 Educator's Portfolio --Directed the development of a computer software 

package to track educational activities of faculty members 

Professional Courses and Educational Programs  

2000-present Various positions on the American College of Occupational & 

Environmental Medicine, Council of Education. 

2011-2014  Course Co-Chairman, American College of Occupational & 

Environmental Medicine, Foundation Courses in Occupational & 

Environmental Medicine. 

2012-Present   Lecturer and Coordinator, Introduction to Occupational Medicine, 

presented yearly at the American Occupational Health Conference 

2013 Program Co-Chairman, Spring Meeting of Central States Occupational & 

Environmental Medicine, Lisle, IL. 

 

OTHER EDUCATIONAL ACTIVITIES 

Community Service Media Relations 

1994-97 Seminars and Presentations related to Media Interaction  

 “Working with the Media,” Medical College of Wisconsin Symposium, 

Milwaukee, Wisconsin, September 20, 1995. 

National Television 

 Public Broadcast System (PBS) Series “The World Can Make You Sick,” 

Milwaukee, Wisconsin, November 19, 1993. 

 

CNN News “A Health and Safe Thanksgiving,” a five part series on 

preparation for Thanksgiving produced here in Milwaukee and aired on 

nationally on CNN November 28, 1996.  
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National Television (continued) 

TiP-TV “Keys to Good Health: Wellness Programs & Preventive 

Medicine,” June 6, 1997, 2:00-3:30 CTD, General Electric Company, 900 

sites worldwide and approximately 15,000 participants. 

Educational Outreach Video Conference, Managing Your Health & Health 

Care Program, “Maintaining a Healthy Lifestyle,” a 2 ½ hour broadcast 

presentation,   Brookfield, Wisconsin, November 21, 1996. 

Moderator, Spring Educational Outreach Program, Children’s’ Health and 

Parenting, “Perinatal to Newborn,” a 2 ½ hour broadcast presentation, 

Brookfield, Wisconsin, April 3, 1997. 

Moderator, Spring Educational Outreach Program, Children’s’ Health and 

Parenting, “Elementary School Ages,” a 2 ½ hour broadcast presentation, 

Brookfield, Wisconsin, April 17, 1997. 

Local Television 

1994-97 Wrote and Co-produce twice weekly segments addressing public health 

and clinical issues for WITI Channel 6 TV viewing audience estimated at 

37,000 in greater Milwaukee area. 

Radio (Commercial and Public Stations) 

1992-97 Frequent contributor to news stories covering issues related to Preventive 

Medicine and Public Health for the Milwaukee radio market. 

 WTMJ-AM 620 Noon Show “Industrial, Environmental, and 

Occupational Medicine,” July 18, 1994. 

 PBS Kathleen Dunn, Kathleen Dunn Show, WHAD-FM Wisconsin Public 

Radio discussing “Ebola Virus in Africa.” 

2015                WGN Program, “Legal Face-off” with Jason Whiteside and Rich Lenkov 

discussing “Health Issues in the News,” March 15, 2015.     

PROFESSIONAL SOCIETIES 

American College of Occupational and Environmental Medicine 

Central States Occupational and Environmental Medical Association 

Chicago Area Medical Directors Association 

American Industrial Hygiene Association 

American Conference of Governmental Industrial Hygienists 

REFERENCES UPON REQUEST 
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Wind Turbines and Health – A Rapid Review of the Evidence 

The purpose of this paper is to present findings from a rapid review of the evidence 
from current literature on the issue of wind turbines and potential impacts on human 
health. In particular the paper seeks to ascertain if the following statement can be 
supported by the evidence: There are no direct pathological effects from wind farms 
and that any potential impact on humans can be minimised by following existing 
planning guidelines. This statement is supported by the 2009 expert review 
commissioned by the American and Canadian Wind Energy Associations 
(Colby et al. 2009).  

Context 

In Australia, since the legislation of the Renewable Energy (Electricity) Act in 2000, 
wind power has been gaining prominence as a viable sustainable alternative to more 
traditional forms of energy production. Studies have found that there is increasing 
population demand for ‘green’ energy and that people are willing to pay a premium 
for renewable energy (Chatham-Kent Public Health Unit, 2008; Pedersen & Persson 
Waye, 2007). However as with any shift in technology, the emergence of wind farms 
is not without controversy.   

There are two opposing viewpoints regarding wind turbines and their potential effect 
on human health. It is important to note that these views are frequently presented by 
groups or people with vested interests. For example, wind energy associations purport 
that there is no evidence linking wind turbines to human health concerns. Conversely, 
individuals or groups who oppose the development of wind farms contend that wind 
turbines can adversely impact the health of individuals living in proximity to wind 
farms.  

Concerns regarding the adverse health impacts of wind turbines focus on the effects 
of infrasound, noise, electromagnetic interference, shadow flicker and blade glint 
produced by wind turbines. Does the evidence support these concerns?     

Sound and Noise from Wind Turbines 

Sound is composed of frequency expressed as hertz (Hz) and pressure expressed as 
decibels (dB). In terms of frequency sound can be categorised as audible and 
inaudible. Infrasound is commonly defined as sound which is inaudible to the human 
ear (below 16 Hz).  Despite this commonly used definition, infrasound can be audible 
(EPHC, 2009). There is often confusion regarding the boundary between infrasound 
and low frequency noise (Leventhall, 2006). Human sensitivity to sound, especially to 
low frequency sound, is variable and people will exhibit variable levels of tolerance to 
different frequencies (Minnesota Department of Health, 2009).  

Noise can be defined as any undesirable or unwanted sound. The perception of the 
noise is also influenced by the attitude of the hearer towards the sound source. This is 
sometimes called the nocebo effect, which is the opposite of the better known placebo 
effect.  If people have been preconditioned to hold negative opinions about a noise 
source, they are more likely to be affected by it (AusWEA, 2004). 

Roberts Direct Testimony, Ex. FR-____, Schedule  Page 2 of 11
Exhibit A4-2

Page 2 of 11 
013990
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Wind turbines produce noise that can be classified into the following categories: 
1. Mechanical noise which is produced from the motor or gearbox; if functioning

correctly, mechanical noise from modern wind turbines should not be an issue.   
2. Aerodynamic noise which is produced by wind passing over the blade of the

wind turbine (Minnesota Department of Health, 2009). 

As well as the general audible range of sound emissions, wind turbines also produce 
noise that includes a range of Special Audible Characteristics (SACs) such as 
amplitude modulation, impulsivity, low frequency noise and tonality (EPHC, 2009).    

Table 1 compares the noise produced by a ten turbine wind farm compared to noise 
levels from some selected activities.  

Activity Sound pressure level (dBA)1 
Jet aircraft at 250m 105 
Noise in a busy office 60 
Car travelling at 64kph at 100m 55 
Wind farm (10 turbines) at 350m 35-45 
Quiet bedroom 35 
Background noise in rural area at night 20-40 
Table 1: Noise levels compared to ten turbine wind farm (SDC, 2005). 

Macintosh and Downie (2006) conclude that based on these figures “noise pollution 
generated by wind turbines is negligible”.  

One of the most common assertions regarding potential adverse noise impacts of wind 
turbines is concerned with low frequency noise and infrasound. It should be noted that 
infrasound is constantly present in the environment and is caused by various sources 
such as ambient air turbulence, ventilation units, ocean waves, distant explosions, 
volcanic eruptions, traffic, aircraft and other machinery (Rogers, Manwell & Wright, 
2006). In relation to wind turbines, Leventhall (2006) concludes that there is 
insignificant infrasound generated by wind turbines and that there is normally little 
low frequency noise. A survey of all known published results of infrasound from wind 
turbines found that wind turbines of contemporary design, where rotor blades are in 
front of the tower, produce very low levels of infrasound (Jakobsen, 2005). Another 
recent report concludes that wind farm noise does not have significant low-frequency 
or infrasound components (Ministry of the Environment, 2007). As discussed in 
further detail below the principal human response to audible infrasound is annoyance 
(Rogers, 2006). 

Effects of Noise from Wind Turbines on Human Health   

The health and well-being effects of noise on people can be classified into three broad 
categories: 

1 The “A” represents a weighting of measured sound to mimic that discernable by the human ear, 
which does not perceive sound at low and high frequencies to be as loud as mid range frequencies 
(AusWEA, nd. a).  
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1. subjective effects including annoyance, nuisance and dissatisfaction;
2. interference with activities such as speech, sleep and learning; and
3. physiological effects such as anxiety, tinnitus or hearing loss (Rogers,

Manwell & Wright, 2006).
Several commentators argue that noise from wind turbines only produces effects in 
the first two categories (Rogers, 2006; Pedersen & Persson Waye, 2007).  

Various studies of wind turbine effects on health have concentrated on the self-
reported perception of annoyance. There are difficulties with measuring and 
quantifying subjective effects of noise such as annoyance. According to the World 
Health Organization (WHO) (1999) annoyance is an adverse health effect, though this 
is not universally accepted. Kalveram proposes that annoyance is not a direct health 
effect but an indication that a person’s capacity to cope is under threat. The person has 
to resolve the threat or their coping capacity is undermined, leading to stress related 
health effects (Kalveram 2000). Some people are very annoyed at quite low levels of 
noise, whilst other are not annoyed by high levels.  

It has been suggested that if people are worried about their health they may become 
anxious, causing stress related illnesses. These are genuine health effects arising from 
their worry, which arises from the wind turbine, even though the turbine may not 
objectively be a risk to health (Chapman 2010). The measurement of health effects 
attributable to wind turbines is therefore very complex. 

One study of wind turbine noise and annoyance found that no adverse health effects 
other than annoyance could be directly correlated with noise from wind turbines. The 
authors concluded that reported sleep difficulties, as well as feelings of uneasiness, 
associated with noise annoyance could be an effect of the exposure to noise, although 
it could just as well be that respondents with sleeping difficulties more easily 
appraised the noise as annoying (Pedersen & Persson Waye, 2007).  

Many factors can influence the way noise from wind turbines is perceived. The 
aforementioned study also found that being able to see wind turbines from one’s 
residence increased not just the odds of perceiving the sound, but also the odds of 
being annoyed, suggesting a multimodal effect of the audible and visual exposure 
from the same source leading to an enhancement of the negative appraisal of the noise 
by the visual stimuli (Pedersen & Persson Waye, 2007). Another study of residents 
living in the vicinity of wind farms in the Netherlands found that annoyance was 
strongly correlated with a negative attitude toward the visual impact of wind turbines 
on the landscape. The study also concluded that people who benefit economically 
from wind turbines were less likely to report noise annoyance, despite exposure to 
similar sound levels as those people who were not economically benefiting (Pedersen 
et al, 2009).   

In addition to audible noise, concerns have been raised about infrasound from wind 
farms and health effects. It has been noted that the effects of low frequency 
infrasound (less than 20Hz) on humans are not well understood (NRC, 2007). 
However, as discussed above, several authors have suggested that low level frequency 
noise or infrasound emitted by wind turbines is minimal and of no consequence 
(Leventhall, 2006; Jakobsen, 2005). Further, numerous reports have concluded that 
there is no evidence of health effects arising from infrasound or low frequency noise 
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generated by wind turbines (DTI, 2006; CanWEA, 2009; Chatham-Kent Public 
Health Unit, 2008; WHO, 2004; EPHC, 2009; HGC Engineering, 2007). In summary:  

• ‘There is no reliable evidence that infrasounds below the hearing threshold
produce physiological or psychological effects’ (Berglund & Lindvall 1995).

• Infrasound associated with modern wind turbines is not a source which will
result in noise levels which may be injurious to the health of a wind farm
neighbour (DTI, 2006).

• Findings clearly show that there is no peer-reviewed scientific evidence
indicating that wind turbines have an adverse impact on human health
(CanWEA, 2009).

• Sound from wind turbines does not pose a risk of hearing loss or any other
adverse health effects in humans. Subaudible, low frequency sounds and
infrasound from wind turbines do not present a risk to human health
(Colby, et al 2009).

• The Chatham-Kent Public Health Unit (Ontario, Canada) reviewed the current
literature regarding the known health impacts of wind turbines in order to
make an evidence-based decision. Their report concluded that current
evidence failed to demonstrate a health concern associated with wind turbines.
‘In summary, as long as the Ministry of Environment Guidelines for location
criteria of wind farms are followed … there will be negligible adverse health
impacts on Chatham-Kent citizens. Although opposition to wind farms on
aesthetic grounds is a legitimate point of view, opposition to wind farms on
the basis of potential adverse health consequences is not justified by the
evidence’ (Chatham-Kent Public Health Unit, 2008).

• Wind energy is associated with fewer health effects than other forms of
traditional energy generation and in fact will have positive health benefits
(WHO, 2004).

• ‘There are, at present, very few published and scientifically-validated cases of
an SACs of wind farm noise emission being problematic … the extent of
reliable published material does not, at this stage, warrant inclusion of SACs
… into the noise impact assessment planning stage (EPHC, 2009).

• While a great deal of discussion about infrasound in connection with wind
turbine generators exists in the media there is no verifiable evidence for
infrasound and production by modern turbines (HGC Engineering, 2007).

The opposing view is that noise from wind turbines produces a cluster of symptoms 
which has been termed Wind Turbine Syndrome (WTS). The main proponent of WTS 
is a US based paediatrician, Dr Pierpont, who has released a book ‘Wind Turbine 
Syndrome: A report on a Natural  Experiment, presents case studies explaining WTS 
symptoms in relation to infrasound and low frequency noise. Dr Pierpont’s assertions 
are yet to be published in a peer-reviewed journal, and have been heavily criticised by 
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acoustic specialists. Based on current evidence, it can be concluded that wind turbines 
do not pose a threat to health if planning guidelines are followed. 

Shadow Flicker and Blade Glint 

Shadow flicker occurs when the sun is located behind a wind turbine casting a shadow 
that appears to flick on and off as the wind turbine blades rotate (Chatham-Kent 
Public health Unit, 2008). It is possible to use modelling software to model shadow 
flicker before the finalisation of a wind farm layout and siting.  

Blade glint occurs when the surface of wind turbine blades reflect the sun’s light and 
has the potential to annoy people (EPHC, 2009).   

Effects of Shadow Flicker and Blade Glint on Human Health 

Shadow flicker from wind turbines that interrupts sunlight at flash frequencies greater 
than 3Hz has the potential to provoke photosensitive seizures (Harding, Harding & 
Wilkins, 2008). As such it is recommended that to circumvent potential health effects 
of shadow flicker wind turbines should only be installed if flicker frequency remains 
below 2.5 Hz under all conditions (Harding, Harding & Wilkins, 2008).  

According to the EPHC (2009) there is negligible risk of seizures being caused by 
modern wind turbines for the following reasons: 

• less than 0.5% of the population are subject to epilepsy at any one time, and of
these, approximately 5% are susceptible to strobing light;

• Most commonly (96% of the time), those that are susceptible to strobe lighting
are affected by frequencies in excess of 8 Hz and the remainder are affected by
frequencies in excess of 2.5 Hz. Conventional horizontal axis wind turbines
cause shadow flicker at frequencies of around 1 Hz or less;

• alignment of three or more conventional horizontal axis wind turbines could
cause shadow flicker frequencies in excess of 2.5 Hz; however, this would
require a particularly unlikely turbine configuration.

In summary, the evidence on shadow flicker does not support a health concern 
(Chatham-Kent Public Health Unit, 2008) as the chance of conventional horizontal 
axis wind turbines causing an epileptic seizure for an individual experiencing shadow 
flicker is less than 1 in 10 million (EPHC, 2009). As with noise, the main impact 
associated with shadow flicker from wind turbines is annoyance.    

In regards to blade glint, manufacturers of all major wind turbine blades coat their 
blades with a low reflectivity treatment which prevents reflective glint from the 
surface of the blade. According to the Environment Protection and Heritage Council 
(EPHC) the risk of blade glint from modern wind turbines is considered to be very 
low (EPHC, 2009).  

Electromagnetic Radiation and Interference  

Electromagnetic radiation (EMR) is a wavelike pattern of electric and magnetic 
energy moving together. Types of EMR include X-rays, ultraviolet, visible light, 
infrared and radio waves (AusWEA, nd. b).  
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Electromagnetic interference (EMI) from wind turbines may affect electromagnetic or 
radiocommunication signals including broadcast radio and television, mobile phones 
and radar (EPHC, 2009).  

As high and exposed sites are best from a wind resource perspective, it is not unusual 
for any of a range of telecommunications installations, radio and television masts, 
mobile phone base stations or emergency service radio masts to be located nearby. 
Care must be taken to ensure that wind turbines do not passively interfere with these 
facilities by directly obstructing, reflecting or refracting their radio frequency EMR 
signals. 

Effects of Electromagnetic Radiation and Interference from Wind Turbines on 
Human Health  

Electromagnetic Fields (EMF) emanate from any wire carrying electricity and 
Australians are routinely exposed to these fields in their everyday lives. The 
electromagnetic fields produced by the generation and export of electricity from a 
wind farm do not pose a threat to public health (Windrush Energy 2004).  The 
closeness of the electrical cables between wind turbine generators to each other, and 
shielding with metal armour effectively eliminate any EMF (AusWEA, nd. b).  

Measures to Mitigate Potential Impacts of Wind Turbines 

As with the introduction of any new technology, some communities are against wind 
farms being located in their area. Some factors which may increase community 
concern include coerced or unequal exposure, industrial, exotic and/or memorable 
nature of the turbine, dreaded, unknown or catastrophic consequences, substantial 
media attention, potential for collective action and a process which is unresponsive to 
the community. Voluntary exposure, for example choosing to house the turbine on 
community land, reduces concern (Adapted by Professor Chapman from Covello et 
al. methodology 1986).  

One review of wind turbines and noise recommends that best practice guidelines such 
as those identifying potential receptors of turbine noise, following established 
setbacks and dispelling rumours regarding infrasound which have not been supported 
by research, are followed in order to mitigate any potential noise issues associated 
with wind turbines (Howe, 2007).  

Sustainable Energy Authority Victoria (2003) also recommend that complying with 
standards relating to turbine design and manufacturing, site evaluation and final siting 
of wind turbines will minimise any potential impacts on the surrounding area.  

The recently released Draft National Wind Farm Development Guidelines (EPHC, 
2009) include detailed methodologies at different stages of the planning and 
development process to assess such issues as noise and shadow flicker to mitigate any 
potential impact. Such processes include a range of measures such as high-level risk 
assessment, data collection, impact assessment, detailed technical studies and public 
consultation.  
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Therefore if planning guidelines are followed and communities are consulted with in a 
meaningful way, resistance to wind farms is likely to be reduced and annoyance and 
related health effects avoided. 

Conclusion  

The health effects of many forms of renewable energy generation, such as wind 
farms, have not been assessed to the same extent as those from traditional sources. 
However, renewable energy generation is associated with few adverse health effects 
compared with the well documented health burdens of polluting forms of electricity 
generation (Markandya & Wilkinson, 2007).  

This review of the available evidence, including journal articles, surveys, literature 
reviews and government reports, supports the statement that: There are no direct 
pathological effects from wind farms and that any potential impact on humans can be 
minimised by following existing planning guidelines.  
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Background 

Independent Systematic Review 

In August 2012, the National Health and Medical Research Council (NHMRC) commissioned an 
independent reviewer to undertake a comprehensive review of existing scientific literature on the 
possible effects of wind farms on human health (‘the Independent Review’). This review considered a 
wide range of evidence, comprising both peer reviewed and non-peer reviewed literature. The 
Independent Review was supplemented by a call (in September 2012) for submissions of evidence for 
consideration in the systematic review.  

The purpose of the systematic literature review was to determine whether there was evidence to 
establish that emissions from wind farms cause human health effects (Direct Evidence). A background 
literature review was also conducted to investigate the physiological mechanisms by which the emissions 
of wind farms could produce adverse health effects (Mechanistic Evidence) and whether health effects 
had been observed from similar emissions in other exposure settings (Parallel Evidence). 

A comprehensive search of the available scientific literature was conducted by the reviewer in 
October 2012. While 2848 papers were identified in the literature search for the systematic review 
component of the Independent Review, and an additional 506 references were submitted to NHMRC for 
consideration, only 161 papers were found to be relevant to the topic and were considered by the 
reviewers in detail. Of these, only 11 publications (describing seven studies) met the inclusion criteria to 
address the systematic review questions.  

The reviewer assessed the design, quality, relevance and strength of each study included in the 
systematic review. The overall body of evidence was then analysed for its quality and consistency. The 
process and findings of the Independent Review were summarised in a report, Systematic review of the 
human health effects of wind farms (the Independent Review report), which was finalised in late 20131. 

NHMRC Information Paper 

The Wind Farms and Human Health Reference Group (‘the Reference Group’) was established by NHMRC 
in early 2012 to oversee the systematic review of the literature. The Reference Group comprises experts 
in public and environmental health, epidemiology and research methodology, acoustics, psychology and 
sleep, and also includes a consumer advocate.  

Under its terms of reference, the Reference Group was also asked to consider the outcomes of the 
review to inform any update of NHMRC’s 2010 Public Statement: Wind Turbines and Health, and to 
identify gaps in the current evidence base that may warrant further research. In response to this task, the 
Reference Group guided the development of a new draft Information Paper: Evidence on Wind Farms and 
Human Health, with the assistance of a Technical Writer. The draft Information Paper provided the 
Australian community with a summary of the available evidence on the potential human health effects of 
wind farm emissions of noise, shadow flicker and electromagnetic radiation (EMR), based on the 
comprehensive review of the scientific literature. It also explained the process by which the evidence was 
identified and critically appraised in the Independent Review, and included an explanation of the 
evidence by the Reference Group together with their recommendations for further research to address 
gaps in the available evidence. 

                                                             
1 Available on the NHMRC website at http://www.nhmrc.gov.au/guidelines/publications/eh54.  
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Context for this review of additional evidence 

The Council of NHMRC considered the draft Information Paper in late 2013 and recommended to the 
Chief Executive Officer (CEO) that the draft paper be released for public consultation.  

On 24 February 2014 the CEO released the draft Information Paper for public consultation, for a period of 
45 days2. At that time, the Independent Review report was also released by the CEO as background, to 
assist interested parties in considering the draft Information Paper.  

We were contracted to repeat the literature search carried out for the Independent Review, to capture 
any additional evidence published since October 2012 that addressed the systematic review questions in 
the final Independent Review report. In consultation with the Office of NHMRC (ONHMRC) and the 
Reference Group, we assessed whether the additional literature identified in this search met the specific 
inclusion criteria for the systematic component of the Independent Review. 

In addition, we were provided with a list of additional evidence submitted during the public consultation 
from 24 February to 11 April 2014, and assessed whether this submitted literature met the specific 
inclusion criteria for the systematic (Direct Evidence) and background (Supporting Evidence) components 
of the Independent Review. Literature that met the specific inclusion criteria was critically appraised and 
the outcomes were summarised narratively. Details of the literature that was excluded from the review 
are listed in the appendices. 

Objectives 

The objectives of this report are as follows:  

1. To repeat the systematic literature search from a comprehensive review of the evidence 
commissioned by NHMRC in September 2012, to capture any additional evidence published 
between October 2012 and May 2014. The purpose of the repeat systematic literature search 
is to determine whether there is evidence to establish that emissions from wind farms cause 
human health effects (Direct Evidence). 

2. To review evidence submitted during the public consultation process on the NHMRC draft 
Information Paper: Evidence on Wind Farms and Human Health, with the purpose of 
identifying any Direct Evidence not already identified by the repeat systematic literature 
search, any Background Evidence relevant to the issue of wind farms and human health, plus 
any Mechanistic or Parallel Evidence that considers similar emissions from wind farms in the 
laboratory or other exposure settings and reports on one or more health (or health-related) 
outcomes (Supporting Evidence). 

Methods 
The methods described below cover the repeat systematic review search, data extraction and critical 
appraisal for the Direct Evidence component; and the data extraction and critical appraisal for the 
Supporting Evidence component of the review. We have used the inclusion criteria specified by 
ONHMRC, and have followed the methods and forms used in the Independent Review for data extraction 
and critical appraisal. 

                                                             
2 Details on the NHMRC website at http://consultations.nhmrc.gov.au/public_consultations/wind_farms.  
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Criteria for considering studies for inclusion 

To be classified as ‘included’ in the systematic component of the review (i.e. Direct Evidence), the 
evidence had to: 

1. be publicly available in English; 
2. be based on systematically collected data relevant to wind farms and human health; 
3. look at human exposure to wind farm emissions;  
4. not exclusively select participants only because they had reported health effects; 
5. compare participants with different levels of exposure to wind turbines (e.g. a “near” group 

and a “far” group); 
6. explain how the data were collected; 
7. report on one or more health (or health-related) outcomes; and 
8. analyse the results. 

The questions to be addressed in the Direct Evidence component of the review relate to distance, audible 
noise, infrasound and low-frequency noise, shadow flicker, and EMR (as detailed in Appendix 1).  

Search methods for identification of studies 

Electronic searches 

We searched the following sources to identify peer-reviewed literature meeting the inclusion criteria for 
the systematic review (Direct Evidence) component: PubMed, Embase, The Cochrane Library, PsycInfo 
and health-related categories of Web of Science. The sources and search strategies replicated those used 
in the Independent Review, and covered the period from the date the original searches were conducted 
(i.e. October 2012 to May 2014). The full details of the search strategies for the databases listed above 
are given in Appendix 2. Searches were run across all four databases on 19 March 2014 and again on 
7 May 2014 to capture any additional studies, and to ensure the review is as up-to-date as possible. 

Data collection and analysis 

Selection of studies for Direct Evidence  

Citations identified in the repeat literature search were imported to EndNote and duplicates removed. 
One reviewer (SM) undertook an initial screening of titles and abstracts to exclude those citations that 
were very obviously outside the scope of the review. Two reviewers (GB and MS) then independently 
screened the titles and abstracts of the remaining ‘possible’ citations and classified each citation as 
‘potentially included’ or ‘excluded’. Citations to any material that had been considered for the 
Independent Review were excluded at this stage. The full-text of citations deemed potentially eligible 
were retrieved and independently assessed for inclusion. Disagreements were resolved through 
discussion within the wider team.  

The final list of potentially eligible studies for inclusion in the Direct Evidence component of the review 
was circulated to the Reference Group. Following clarification on the scope of the review with the 
Reference Group and ONHMRC on 21 May, the final list of potentially eligible studies was agreed. The list 
was further refined and the selection of studies completed following a meeting with the Reference Group 
at the NHMRC office in Canberra on 2 July 2014.  

Citations that did not meet the inclusion criteria specified above were excluded and the reason for 
exclusion recorded. At the request of the Reference Group, excluded studies were also considered for the 
Supporting Evidence component of the review. 
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Selection of studies from the Submissions for Supporting Evidence  

For the citations submitted during the public consultation (24 February to 11 April 2014), we applied the 
inclusion criteria for both the Direct Evidence and Supporting Evidence components of the review, and 
classified the material as ‘included’ or ‘excluded’. Evidence was classified as ‘included’ in the Direct 
Evidence component of the review if it met the conditions specified in the ‘Criteria for considering 
studies for inclusion’ section above. 

To be classified as ‘included’ as Background Evidence in the Supporting Evidence component of the 
review, the evidence had to:  

1. be publicly available in English; 
2. be based on systematically collected data relevant to wind farms and human health; 
3. explain how the data were collected; and 
4. analyse the results. 

Where relevant, to be ‘included’ as Mechanistic or Parallel Evidence in the Supporting Evidence 
component of the review, the evidence had to meet the conditions specified above and also had to:  

1. be peer-reviewed; and 
2. report on one or more health (or health-related) outcomes. 

The questions addressed in the Supporting Evidence component of the review are detailed in Appendix 3. 

Any material that was considered in the Independent Review was excluded (that is, citations listed under 
References and Appendix C – Excluded Articles in the Independent Review report). Where background 
material did not meet the criteria specified above it was excluded and the reason for exclusion recorded.  

Data extraction and assessment of methodological quality 

For the additional literature classified as ‘included’ in the Direct Evidence component of the review, two 
reviewers (GB and EW) independently undertook critical appraisal and data extraction. The steps 
followed were similar to the methodology outlined in the Independent Review report, namely:  

1. Relevant data were extracted from each article/study into a standardised form, using the 
modified NHMRC Data Extraction Table; and 

2. The overall methodological quality of each article or study was critically appraised (i.e. 
consideration of the level of evidence3 and likelihood of chance, bias and confounding) using 
the NHMRC ‘Checklist for appraising the quality of studies of aetiology and risk factors’4 as a 
guide. 

We also undertook critical appraisal and data extraction of the additional literature classified as 
‘included’ in the Supporting Evidence component of the review, using the format: aim; design; exposure; 
outcome; limitations; results; and conclusions.  

                                                             
3 Level I – IV specified in the NHMRC Evidence Hierarchy. Available at: 

https://www.nhmrc.gov.au/_files_nhmrc/file/guidelines/developers/nhmrc_levels_grades_evidence_120423.pdf 
4 Box 9.1. Available at: https://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/cp65.pdf.  
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Synthesis 

The two components of the review (Direct Evidence and Supporting Evidence) were synthesised 
separately.  

For the Direct Evidence, we grouped studies by the type of emission or exposure being investigated (as 
outlined in Appendix 1) and narratively summarised the key findings. We noted any particular concerns 
or limitations of the studies’ ability to inform the assessment of wind farms as a cause of adverse health 
effects. Where possible, we commented on the reliability of the evidence of the association between the 
type of emission and adverse health effects, and considered the strength of the association, its 
relationship to the level of exposure and the possible explanations for the association (if found).  

For the Supporting Evidence, studies investigating Mechanistic and Parallel Evidence were synthesised 
separately. Studies deemed eligible for Background Evidence considered emissions from wind turbines, 
and the extent to which exposure to these emissions varies by distance and other characteristics. These 
studies were grouped according to the type of emission being investigated (mostly noise and infrasound). 
Where appropriate, we identified common themes from among the Mechanistic and Parallel studies, and 
summarised these narratively, noting particular limitations of the studies and their ability to help inform 
the review.  

For both components of the review, the substantial heterogeneity between the studies, both in terms of 
their design and the exposures or outcomes assessed, precluded any form of quantitative analysis. 

Results 

Repeat systematic literature search for Direct Evidence 

The combined bibliographic database searches yielded 1597 references after de-duplication. Following 
title and abstract screening, 1526 citations were excluded as being clearly out of scope of the review. Of 
the remaining 71 citations, nine had previously been considered and either included or excluded from the 
Independent Review; these nine citations were therefore excluded from any further consideration in this 
update. 

The remaining 62 citations were independently assessed against the inclusion criteria. Forty-nine 
citations were excluded, mostly because the citation was not based on systematically collected data 
relevant to wind farms and human health, or the outcomes were not health or health-related. The 
complete description of reasons for exclusion is reported in Appendix 4.  

Of the remaining 11 citations, six potentially eligible citations were initially included as Direct Evidence 
from the repeat systematic literature search. During the process of critical appraisal and data extraction, 
three of these citations (Bockstael 2012; Ruotolo 2012; Whitfield Aslund 2013) were deemed not to meet 
the criteria and, following clarification on the scope of the review from the Reference Group, were 
excluded from the Direct Evidence component. Two of the excluded citations (Bockstael 2012; Ruotolo 
2012) met the criteria for Background Evidence and Mechanistic Evidence, respectively, and are assessed 
in those sections of the report. The three included citations of Direct Evidence identified from the repeat 
searches were Mroczek 2012, Pohl 2012 and Taylor 2013a. (Five additional citations, representing three 
separate studies, were identified for inclusion under Direct Evidence through the public consultation 
process and are discussed further in the Submitted literature section of the report.)  

At the request of the Reference Group, we checked all excluded citations for their eligibility for the 
Supporting Evidence component of the review (i.e. Background, Mechanistic or Parallel Evidence), and 
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identified ten Supporting Evidence citations (reporting ten separate studies) in this way. (Five of these 
were also included in the Submitted Literature following public consultation.)  

The steps involved in assessing the identified literature from the searches and the flow of references 
through the selection process are summarised in Figure 1. 

 

Figure 1. Flow chart showing screening and selection of studies from repeat systematic literature search 
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Submitted literature (‘the Submissions’) 

Following the period of public consultation (24 February to 11 April 2014) on the NHMRC draft 
Information Paper: Evidence on Wind Farms and Human Health, we were provided with a list of 
additional evidence comprising 249 citations (from 36 submissions). In the first instance, we checked 
these citations against the Independent Review to see if they had been considered in the review, and if 
so, in which section. Citations appearing in the References or Appendix C of the Independent Review had 
previously been considered (and either included or excluded from the Independent Review) and so did 
not need to be considered further (Group 1). Citations listed in Appendix D of the Independent Review 
had already been considered (and excluded) for the systematic review (Direct Evidence) component, so 
only needed to be assessed for the Supporting Evidence component of the review (Group 2). None of the 
remaining citations was listed in the Independent Review and these citations were therefore considered 
for inclusion in both the Direct Evidence and Supporting Evidence components of the review (Group 3).  

The 249 submitted citations were considered and grouped as follows: 

Group 1: excluded from Direct Evidence and Supporting Evidence (n = 25)  

Group 2: assessed for Supporting Evidence only (n = 48)  

Group 3: assessed for Direct Evidence and Supporting Evidence (n = 176) 

The 224 citations in Groups 2 and 3 were independently assessed against the inclusion criteria. An initial 
screen was based on a review of title and abstract. The full-text of those deemed possibly relevant was 
retrieved to determine which citations should be included in the Supporting Evidence component of the 
review. Of the 224 citations, 192 were excluded (reasons for exclusion are reported in Appendix 5).  

Following clarification on the scope of the review from the Reference Group, four citations were deemed 
eligible for the Direct Evidence component of the review (Kuwano 2013; McBride 2013; Paller 2013; Yano 
2013). (These citations comprised three conference papers and one Masters Thesis, which explains why 
they were not identified through the updated systematic review search.) Two other citations included in 
the submissions, which were eligible for the Direct Evidence component (Mroczek 2012; Taylor 2013a), 
had already been identified through the updated systematic review search. 

One citation submitted during public consultation (Janssen 2011) had previously been excluded from the 
Independent Review, however at the request of the Reference Group this study was re-assessed and 
subsequently included as Direct Evidence. This paper provides further analysis of data from multiple 
studies that were included in the Independent Review and provides an extension of their results.  

Twenty citations (reporting 16 separate studies) met the criteria for the Supporting Evidence component 
of the review and have been grouped according to Background Evidence (shadow flicker, noise, 
infrasound, annoyance, EMF); Mechanistic Evidence and Parallel Evidence. Five additional citations were 
already identified through the repeat literature search as eligible for the Supporting Evidence component 
(Crichton 2013, Crichton 2014, Doolan 2013, Taylor 2013b, Tickell 2012). 

The steps involved in assessing the submitted literature and the flow of references through the selection 
process are summarised in Figure 2. 
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Figure 2. Flow chart showing screening and selection of submitted literature citations  

Summary of studies of Direct Evidence 

After review of the full papers, eight citations, representing six unique studies, met the criteria for the 
systematic review (Direct Evidence) component of this updated review of wind turbines and health. Since 
Yano 2013 is a further analysis of data collected by Kuwano 2013, we treated these as citations to the 
same study5. The Janssen 2011 paper provides further analysis of data from multiple studies that were 
included in the Independent Review, and is therefore not treated as a separate study. We used the 
modified NHMRC data extraction form (the same form that was used for the Direct Evidence papers in 
the Independent Review) to critically appraise and extract data for each study (see Appendix 6). A 
summary of the characteristics of the included studies is provided in Table 1a and a summary of the 
results in Table 1b. 

Limitations 

It is important to note that all these studies (apart from Janssen 2011) were published since the literature 
searches for the Independent Review were completed in September 2012. Consequently this update only 
reflects the literature over a period of about 18 months, and not the entire literature on this topic. In 
addition, while many of the included studies were identified by undertaking a systematic search of the 
literature, not all papers were accessed via the repeat systematic search. For example, Janssen 2011 was 
an excluded paper in the Independent Review, which was included in the submissions from the public 
consultation and re-assessed for this update at the Reference Group’s request. Furthermore, not all 

                                                             
5 From here on, Kuwano 2013 is used to refer to both citations. 

 
014011



 10 

studies have been published. The study by Paller 2014, for example, is a Master’s thesis and considered 
‘grey literature’. Therefore, the conclusions in this report are much more cautious than if this was a 
systematic review of only published papers unrestricted by date or language of publication. 

Summary characteristics 

All studies included in the Direct Evidence component of the review were cross-sectional in design. The 
studies were conducted in New Zealand, the United Kingdom, Japan, Canada, Sweden, The Netherlands, 
Germany and Poland. Importantly, no study was conducted in Australia. Therefore, likely sociocultural 
differences between people in these countries and Australians make it difficult to draw conclusions about 
generalisability or applicability of findings in these studies to the Australian context. Of the studies 
reporting demographic characteristics, there was an approximately equal sex ratio, and the mean age of 
study respondents ranged from 46 to 56 years. 

The studies mostly examined wind farm noise or proximity to wind farms and a wide range of 
self-reported outcomes, as follows: 

One study assessed self-reported annoyance and estimated level of wind farm noise (Kuwano 
2013).  

One citation provided further analysis of data on self-reported annoyance and estimated level of 
wind farm noise (Janssen 2011) from three studies included in the Independent Review.  

One study assessed self-reported annoyance and exposure to wind farm markings (Pohl 2012). 

Two studies assessed self-reported physical symptoms (e.g. headache, nausea, tinnitus) and 
estimated level of wind farm noise (Taylor 2013a) or proximity to wind farms (Paller 2014). 

Four studies assessed aspects of self-reported mental health (stress, irritability, psychological 
distress, anxiety and depression) and estimated level of wind farm noise (Kuwano 2013; Taylor 
2013a), proximity to wind farms (Paller 2014), or exposure to wind farm obstruction markings 
(Pohl 2012). 

Two studies assessed self-reported sleep quality and estimated level of wind farm noise (Kuwano 
2013) or proximity to wind farms (Paller 2014). 

Four studies assessed quality of life, satisfaction with living environment or life satisfaction and 
estimated noise exposure or proximity to wind farms (Kuwano 2013; McBride 2013; Mroczek 
2012; Paller 2014). 

In all studies, health and health-related outcomes were self-reported by participants; that is, none of the 
outcomes was objectively measured (e.g. by using a test administered or performed by a doctor or 
scientist) or used medical records or health service linkage data. Widely used, validated instruments were 
used in some studies (e.g. SF-12, WHOQOL-BREF, GHQ and PSQI), but none of these measures was used 
in more than one study. Due to the wide range of outcomes, it was difficult to assess consistency in 
results across studies for a particular outcome, with annoyance being the most common single outcome 
investigated, although varying instruments were used to measure this outcome across the studies. 

Study quality and bias 

Based on the assessment of study quality, all studies with the possible exception of the Janssen 2011 
analyses were considered to have limited capacity to inform the assessment of wind turbine noise or 
proximity of wind farms as a cause of any of the outcomes investigated in the studies. All studies were 
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cross-sectional studies, so it cannot be determined objectively whether wind farm exposure preceded the 
self-reported outcomes.  

There was potential for selection bias in almost all studies as response rates were generally low and 
limited information was presented on characteristics of non-responders or how non-responders differed 
from responders. Recall bias was likely in three of the studies identified in this review (Paller 2014; Pohl 
2012; Kuwano 2013) and in the studies analysed by Janssen 2011, as it was impossible to blind 
participants to the nature of the study purpose. Recall bias was unclear in the remaining three studies. 
No study adjusted for all relevant confounders (including age, gender, education, chronic disease, and 
economic factors).  

The reasons why confidence in the results was considered moderate for Janssen 2011, which combined 
data from three previously published studies, are that it had a clear and limited set of objectives, large 
sample size, acceptable recruitment rates in two of the three included study samples, and robust 
measurement of exposure. However, problems of the cross-sectional nature of the design, assessment of 
one outcome (annoyance) using a non-validated self-reported outcome measure, and lack of adjustment 
for all relevant confounders still apply. 

Results 

Measures of wind turbine exposure were very variable in these studies, ranging from simple proximity 
and estimated noise exposures to quantitative noise exposure metrics based on actual noise 
measurements. Most studies investigated some aspect of noise exposure, but no studies specifically 
examined infrasound, shadow flicker or EMR. One study (Pohl 2012) examined wind turbine markings. 

After assessing the overall findings, the methodologies used and the limitations in study quality in the six 
studies (and further analysis of previous studies in the Janssen 2011), the following are our responses to 
the specific questions to be addressed by our updates to the systematic review in relation to distance, 
audible noise, infrasound and low frequency noise, shadow flicker and EMR: 

Is there any reliable evidence of an association between the emission/exposure from wind 
turbines and adverse health effects? If so, how strong is this association? How does the strength 
of this association relate to distance from wind turbines? And might this association be explained 
by: chance, bias, or confounding. 

1. Distance 

Only two studies (Paller 2014; Mroczek 2012) used distance or proximity as the sole measure of exposure 
to wind turbines, rather than assessments based on specific emissions. Mroczek 2012 was able to assess 
distance-response relationships, but found that quality of life (QOL) was higher for those closer to wind 
turbines, although no clear reason was found for this apparent counter-intuitive finding. Of the very large 
number of outcomes investigated by Paller 2014, only two (sleep quality and vertigo) were found to be 
worse in residents closer to wind turbines, while no associations were found for all other outcome 
measures. However, due to the many limitations in this study—including the survey distribution method, 
low response rate, potential biases such as selection bias and information bias and mapping of rural 
addresses and industrial wind turbine locations—little weight can be given to these findings. Therefore, it 
is concluded that there is no reliable evidence of an association between distance from wind turbines and 
adverse health effects in the papers included in the systematic (Direct Evidence) component of our 
review. 
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2. Audible noise 

The noise level from wind turbines was the most common emission to be examined in these studies. The 
Janssen 2011 analyses provided the most convincing evidence for an association between noise levels 
and indoor and outdoor annoyance levels, including an exposure-response relationship, but the 
relationship is not strong when compared with the associations of wind-turbine visibility or economic 
benefit from wind farms with annoyance. The study described by Kuwano 2013 provided some very weak 
evidence supporting this association (between noise levels and annoyance), but also found that other 
factors, such as pre-existing beliefs about wind turbines (e.g. they disturbed the landscape), moderated 
this effect. Although Taylor 2013a did not investigate annoyance, the findings suggested it was the 
perception of noise rather than actual noise exposure that was associated with symptoms of ill-health, 
and that this relationship was stronger in those who had a personality characterised by negative 
affectivity and intolerance of negative emotion and events.  

McBride 2013 also did not investigate annoyance, but found that QOL was poorer in some of its domains 
in participants living closer to wind turbines; a finding which is the converse of Mroczek 2012. For no 
other outcomes investigated in these studies was there any relevant evidence. Thus, while Janssen 2011 
provides the most robust evidence of an association between wind turbine noise and annoyance, the 
association is not strong, but does demonstrate an exposure-response relationship and chance, bias and 
confounding are less likely to influence these findings than in the other Direct Evidence studies we 
reviewed. For no other outcome investigated in these studies is there reliable evidence of an association. 

3. Infrasound and low-frequency noise 

No studies investigated infrasound as such and so no conclusions can be drawn about associations 
between infrasound from wind turbines and any health or health-related outcomes. 

4. Shadow flicker and other visual stimuli 

No studies investigated shadow flicker and so no conclusions can be drawn about associations between 
shadow flicker from wind turbines and any health or health-related outcomes.  

One study (Pohl 2012) investigated exposure to wind farm obstruction markings and provided some weak 
evidence that different types of lights were more or less annoying. Given this preliminary finding, this 
characteristic of wind turbines warrants further investigation. 

5. Electromagnetic radiation 

No studies we reviewed investigated EMR and so we can draw no conclusions about associations 
between EMR from wind turbines and any health or health-related outcomes. 

Conclusions of studies of Direct Evidence 

Noise from wind turbines was the most commonly investigated emission. We found there was weak 
evidence in support of an association between noise levels and annoyance, including an exposure-
response relationship. This association was not strong and was affected by other factors, including wind 
turbine visibility, financial benefits and pre-existing beliefs. One small survey raised the possibility that 
perception of noise (rather than actual noise) predicts adverse health effects. Based on two cross-
sectional studies, we found no reliable evidence of an association between distance from wind turbines 
and adverse health effects. No studies investigated the adverse health effects associated with infrasound 
as such, shadow flicker or EMR from wind turbines. 
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Table 1a – Characteristics of Included Studies (Direct Evidence) 

Study ID 
 

Janssen 2011  
(This is a further analysis of 
data collected by three 
studies reviewed in the 
Independent Review) 

Kuwano 2013 Yano 2013  
(This is a further analysis 
of data collected by 
Kuwano 2013) 

McBride 2013 Mroczek 2012 Paller 2014 Pohl 2012 Taylor 2013a 

Aim “… to derive the 
exposure response 
relationship 
between wind 
turbine noise 
exposure in 
A-weighted 
equivalent noise 
level (Lden) and the 
expected 
percentage 
annoyed residents 
and to compare it 
to previously 
established 
relationships for 
industrial noise and 
transportation 
noise.” 

“… conducted a 
series of physical 
measurements, 
laboratory 
psychological 
experiments and 
social surveys of 
wind turbine 
noise… In this 
paper, a design of 
questionnaire used 
in the survey and a 
part of the results 
are introduced.” 

“The objectives are 
to propose the 
representative 
dose-response 
curves for wind 
turbine noise in 
Japan and to 
investigate the 
effects of 
moderating factors 
on annoyance 
caused by wind 
turbine noise.” 

“…this study was 
carried out to study 
how health-related 
quality of life 
(HRQOL) changes 
over 2 years in a 
community living 
within 2 km of a 
turbine installation 
and compares 
HRQOL in a control 
group over the 
same period.” 

“To assess how the 
quality of life is 
affected by the 
close proximity of 
wind farms.” 

“The objectives of 
this study were to 
explore the 
association 
between proximity 
to industrial wind 
turbines and 
self-reported health 
effects, specifically 
quality of life (both 
physical and mental 
health) and sleep 
disturbance, in 
residents living 
close to wind 
turbines.” 

“…this research 
aims to analyse 
whether [wind 
turbine] obstruction 
markings have the 
potential to cause 
substantial 
annoyance in 
general or influence 
only a sensitive 
minority.” 

“This paper aims to 
answer the 
following questions: 
is any link between 
wind turbine noise 
and non-specific 
symptoms (NSS) 
reporting due to 
actual noise levels 
from the turbine, or 
individuals’ 
perceptions of 
noise?” 

Study type 
 

Cross-sectional 
study  
N = 1820 (combined 
across three 
previously 
published studies) 

Cross-sectional 
study 
N = 511 (366 
exposed, 145 not 
exposed) 

Cross-sectional 
study 
N = 511 (366 
exposed, 145 not 
exposed) 

Cross-sectional  
study in the same 
population that was 
examined by  
Shepherd 2011. 
(Sample size of  
exposed or not 
exposed group not 
provided) 

Cross-sectional 
survey 
N = 1277 

Cross-sectional 
study 
N = 396 

Cross-sectional 
survey 
N = 420 

Cross-sectional 
survey 
N = 138 
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Study ID 
 

Janssen 2011  
(This is a further analysis of 
data collected by three 
studies reviewed in the 
Independent Review) 

Kuwano 2013 Yano 2013  
(This is a further analysis 
of data collected by 
Kuwano 2013) 

McBride 2013 Mroczek 2012 Paller 2014 Pohl 2012 Taylor 2013a 

Characteristics of 
population and 
study setting 

One study in an 
agricultural setting 
in southern 
Sweden, another in 
a mixture of urban 
and rural settings in 
Sweden, and the 
third in a mixed 
setting in the 
Netherlands. 
Proximity to wind 
turbines not 
specified for the 
two Swedish 
studies; exposed 
participants in the 
Dutch study were 
within a 2.5 km 
radius from wind 
turbines. 
Mean age = 51.5 
years 
Male = 46% 

No information 
provided about 
characteristics of 
respondents or the 
setting, but 
assumed to be the 
same as Yano 2013, 
which was based on 
the same sample. 
Approximately 
equal sex ratio, 
c. 80% over 
50 years (c. 30% 
over 70 years) 

Respondents lived 
90 m to 1466 m 
apart from the 
closest wind 
turbine, in various 
locations from 
Hokkaido to 
Okinawa in Japan. 

Setting was the 
Makara Valley in 
New Zealand, hilly 
terrain with long 
ridges 250 m to 
450 m above sea 
level. 
Exposed 
participants were 
recruited from 
56 dwellings 
situated within a 
2 km radius from a 
single wind turbine, 
while the non-
exposed / controls 
resided > 10 km 
from turbine 
installation. 

Polish population 
living within various 
distances of wind 
turbines (< 700 m 
to > 1500 m) at a 
number of different 
locations. Included 
a group unaware of 
plans for wind farm 
in their 
neighbourhood.  
Mean age = 
46 years ± 16 years 
(range 18 to 94)   
Male = 55% 

Respondents were 
located within 
0.4-55,000 m* of 
the largest wind 
farms in each of 
eight counties in 
Ontario, Canada. 
[* as reported by 
the author, but 
assumed to mean 
0.4 km to 55 km] 
Median age = 
56 years, 
male = 52%, 
79% married, 
median income 
$60,000, 59% 
post-secondary 
education. 

Southern German 
population living 
within 8 km of wind 
farms, with line of 
sight view of 
turbines.  
Mean age = 
51 years  
Male = 57% 

Population of two 
cities in English 
Midlands living 
within 500 m of 
eight micro turbines 
and within 1 km of 
four small turbines. 
Mean age = 
54 years ± 16 years 
(range 20 to 95)   
Male = 55% 

Exposure 
considered 

No information 
provided about 
wind farm details or 
exposures. Annual 
day/evening/night 
Lden was calculated 
from the wind 
turbine noise 
emission data in the 
original three 

No information 
provided about 
wind farm details or 
exposures 
considered, but 
assumed to be the 
same as Yano 2013, 
which was based on 
the same study 

Exposure group 
consisted of 
residents from 
36 “target sites” 
with audible wind 
turbine noise. 
Distance was used 
as a crude 
surrogate for noise 
exposure of wind 

Exposed 
participants resided 
within a 2 km radius 
from a single wind 
turbine. Wind farm 
details: 66 turbines 
(Siemens SWT-2.3-
82 VS), turbine 
height 125 m, rotor 

Exposure to wind 
farms (noise levels 
not reported). 
Distance was used 
as a crude 
surrogate for noise 
and visual exposure 
of wind turbines. 
No details of wind 

The number of 
turbines ranged 
from 18 to 110 
turbines per farm 
and turbine 
installed capacity 
ranged from 
1.5 megawatt (MW) 
to 2.3 MW. 

Exposure to wind 
farms (with view of 
turbines within line 
of sight). 
Median wind farm 
characteristics: 
8 WT; height 138 m; 
power 14 MW; time 
in operation 

Exposure to wind 
turbines. 
Residences located 
within 500 m of 
0.6 kW micro 
turbines, or within 
1 km of 5 kW small 
turbines. 
Specific exposure 
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Study ID 
 

Janssen 2011  
(This is a further analysis of 
data collected by three 
studies reviewed in the 
Independent Review) 

Kuwano 2013 Yano 2013  
(This is a further analysis 
of data collected by 
Kuwano 2013) 

McBride 2013 Mroczek 2012 Paller 2014 Pohl 2012 Taylor 2013a 

studies. 
Assumptions were 
made about wind 
velocity of 8 m/sec, 
a neutral 
atmosphere and 
noise at 10 m, in 
line with 
recommendations 
by European 
regulatory agencies. 

sample. 
Exposure group 
consisted of 
residents from 
36 “target sites” 
with audible wind 
turbine noise. 
Control group 
consisted of 
residents at 
16 control sites 
where wind turbine 
noise was inaudible 
and no turbines 
were visible. 

turbine. 
Regular electricity 
generation of wind 
turbines was from 
400 kW to 
3,000 kW. The 
average sound 
pressure levels 
LAeq,n in decibels 
was measured with 
sound levels 
ranging from 26 dB 
to 50 dB.  

Control group 
consisted of 
residents at 
16 control sites 
where wind turbine 
noise was inaudible 
but no turbines 
were visible. 

diameter 82 m.  
(See Shepherd 
2011)  
Typical noise 
exposure, 
measured as 
L95(10mins) ranged 
from 20 dB(A) to 
54 dB(A).  
Non-exposed / 
control group were 
selected from 
250 homes located 
in a 
socioeconomically 
and geographically 
matched area 
differing from the 
exposure group 
only by distance 
from wind turbines 
(≥ 10 km). 
 

farms provided 
except the number 
of wind farms in the 
provinces from 
whom respondents 
were drawn. There 
is no information 
about how many 
wind farms were in 
proximity to the 
close (< 1500 m) 
respondents and 
location.  
Five exposure 
groups determined 
by approximate 
distance from 
turbines: < 0.7 km 
(17.2%); 0.7 km to 
1 km (21.9%); 1 km 
to 1.5 km (17.3%); 
> 1.5 km (33.2%); 
plus a group (6.7%) 
that knew nothing 
about plans for 
wind farm in their 
neighbourhood, 
which was not 
apparently drawn 
from any specific 
distance group, 
although it is 
inferred that they 

Distance between 
respondent’s home 
and nearest wind 
turbine was 
assessed using 
geocoding (ArcGIS) 
- ranked by 
percentile 
(1st percentile to 
100th percentile) 
and then divided 
into 4: quartile 
1 < 25th percentile, 
quartile 2 < 50th, 
quartile 3 < 75th and 
quartile 4 < 100th 
percentile – and 
compared to 
self-reported 
distances. 
The reference 
group for the 
analyses was the 
group in the 
quartile furthest 
away from the wind 
farms. 

40 months.  
Five groups of 
markings: three 
types of day 
markings; simple 
versus complex 
landscape scenery; 
day and night 
markings; 
synchronised versus 
non-synchronised 
markings; with and 
without light 
intensity 
adjustment. 
No non-exposed 
groups included. 

details:  
Modelled sound 
pressure in 
A-weighted decibels 
with a sound map 
with 1 m grid over 
map area. Grid 
plane located 1.5 m 
above ground. 
No non-exposed 
groups included. 
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Study ID 
 

Janssen 2011  
(This is a further analysis of 
data collected by three 
studies reviewed in the 
Independent Review) 

Kuwano 2013 Yano 2013  
(This is a further analysis 
of data collected by 
Kuwano 2013) 

McBride 2013 Mroczek 2012 Paller 2014 Pohl 2012 Taylor 2013a 

were a subset of 
the > 1500 m group. 
Apart from this 
group, no 
non-exposed 
groups.  

Effects or 
outcomes 
considered 

Indoor and outdoor 
annoyance, 
measured using a 
one-item self-report 
scale (four-point 
scale in both the 
Swedish studies and 
a five-point scale in 
the Dutch study).   

Self-reported 
satisfaction with 
living environment 
(shopping 
convenience, 
transportation, 
amount of 
greenery, clean air, 
quietness, public 
facilities). 
Self-reported 
degree of 
annoyance of road 
traffic noise, aircraft 
noise, high-speed 
train (Shinkansen) 
noise, conventional 
train noise, noise 
from factories, 
construction noise 
and wind turbine 
noise (five step 
categories). 
Self-reported 
trouble with sleep. 

Annoyance related 
to wind turbine 
noise evaluated by 
ICBEN 5-point 
verbal scale: 
extremely, very, 
moderately, slightly 
or not at all.  

The WHOQOL-BREF 
(26-item version) 
measured physical 
(seven items), 
psychological 
(six items), and 
social (three items) 
HRQOL, an 
additional eight 
item domain 
measuring 
environmental QOL 
and two ‘generic‘ 
items asking about 
general health and 
overall quality of 
life. Two amenity 
items were 
included. 
 

Self-reported 
health-related 
quality of life using 
General Health 
Questionnaire 
(Short Form-36) and 
Visual Analogue 
Scale (VAS) for 
health assessment.  

Pittsburgh Sleep 
Quality Index (PSQI) 
SF-12 
The Satisfaction 
with Life Scale 
(SWLS) 
Wind Turbine 
Syndrome (WTS) 
Index using 
eight questions 
drawn from the 
Quality of Life and 
Renewable Energy 
Technologies Study 
survey. 
Frequency of the 
following symptoms 
in the past month: 
headache, 
irritability, 
concentration 
problems, nausea, 
vertigo, undue 
tiredness, tinnitus. 

Stress indicators: 
general impact; 
annoyance; 
annoyance changes 
over the years; 
psychological and 
somatic symptoms; 
behaviour; coping 
response. 

Self-reported 
outcome measures: 
positive affectivity; 
negative affectivity; 
neuroticism; 
discomfort 
intolerance; 
emotional 
intolerance; 
non-specific 
somatic symptoms. 
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Study ID 
 

Janssen 2011  
(This is a further analysis of 
data collected by three 
studies reviewed in the 
Independent Review) 

Kuwano 2013 Yano 2013  
(This is a further analysis 
of data collected by 
Kuwano 2013) 

McBride 2013 Mroczek 2012 Paller 2014 Pohl 2012 Taylor 2013a 

Are the study 
participants well 
defined in terms 
of time, place and 
personal 
characteristics? 
 
[exposure 
misclassification] 

Place: Not specified 
for the two Swedish 
studies; within a 
2.5 km radius from 
wind turbines in the 
Netherlands study 
Personal 
characteristics: age, 
gender, noise 
sensitivity, 
economic benefit, 
living on rural and 
flat terrain. 
Time: this is a cross-
sectional study with 
self-reported 
outcome measures; 
therefore, it cannot 
be determined 
objectively whether 
wind farm exposure 
preceded the 
reported 
outcome(s). 

No information 
provided, but 
assumed to be the 
same as Yano 2013, 
which was based on 
the same study 
sample. 
 

Place: respondents 
lived 90 m to 
1466 m apart from 
the closest wind 
turbine, in various 
locations from 
Hokkaido to 
Okinawa in Japan. 
Personal 
characteristics: no 
specific 
demographic 
details, but elderly 
residents 
reportedly over-
represented in 
study sample. 
Time: this is a 
cross-sectional 
study with self-
reported outcome 
measures; 
therefore, it cannot 
be determined 
objectively whether 
wind farm 
exposure preceded 
the reported 
outcome(s). 

Place: participants 
were from the 
Makara Valley in 
New Zealand, and 
resided either          
< 2 km (exposed) or 
≥ 10 km (control) 
from a wind 
turbine. 
Personal 
characteristics: no 
information on 
demographic 
details. 
Time: this is a 
two-year follow-up 
of a previous 
cross-sectional 
survey of the same 
community 
(different sample). 
As self-reported 
outcome measures 
were used, it 
cannot be 
determined 
objectively whether 
wind farm exposure 
preceded the 
reported 
outcome(s). 
 

Partly—in terms of 
place 
Personal 
characteristics: age, 
gender, education 
and occupation. 
Place: residents live 
within different 
distances from 
turbines: < 0.7 km; 
0.7 km to 1 km; 
1 km to 1.5 km;       
> 1.5 km; the latter 
including a group 
that knew nothing 
about plans for 
wind farm in their 
neighbourhood. 
Time: this is a 
cross-sectional 
study with 
self-reported 
exposure and 
outcome measures; 
therefore, it cannot 
be determined 
objectively whether 
wind farm exposure 
preceded the 
reported 
outcome(s). 
 

Place: respondents 
were located within 
0.4 m to 55,000 m* 
of the largest wind 
farms in each of 
eight counties in 
Ontario, Canada. 
Personal 
characteristics: age, 
gender, county, 
marital status, 
income and 
education level 
were collected, but 
only the age, gender 
and county were 
used for adjustment 
in some analyses. 
Time: 
cross-sectional 
study undertaken 
between February 
and May 2013; as 
self-reported 
outcome measures 
were used, it cannot 
be determined 
objectively whether 
wind farm exposure 
preceded the 
reported 
outcome(s). 
[* as reported by the 

Partly—in terms of 
place 
Personal 
characteristics: age, 
gender, duration in 
house, home 
ownership, marital 
status, education, 
occupation 
(including working 
from home and in 
the wind business) 
and income. 
Place: residents live 
within 8 km of wind 
turbines, with view 
of turbines within 
line of sight. 
Time: this is a 
cross-sectional 
study with 
self-reported 
outcome measures; 
therefore, it cannot 
be determined 
objectively whether 
wind farm exposure 
preceded the 
reported 
outcome(s). 

Partly – in terms of 
place 
Personal 
characteristics: age 
and gender 
Place: residents live 
within 500 m of 
eight 0.6 kW micro 
turbine installations 
and within 1 km of 
four 5 kW small 
wind turbine 
installations. 
Time: this is a 
cross-sectional 
study with 
self-reported 
outcome measures; 
therefore, it cannot 
be determined 
objectively whether 
wind farm exposure 
preceded the 
reported 
outcome(s). 
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Study ID 
 

Janssen 2011  
(This is a further analysis of 
data collected by three 
studies reviewed in the 
Independent Review) 

Kuwano 2013 Yano 2013  
(This is a further analysis 
of data collected by 
Kuwano 2013) 

McBride 2013 Mroczek 2012 Paller 2014 Pohl 2012 Taylor 2013a 

author, but assumed 
to mean 0.4 km to 
55 km] 

What percentage 
of individuals or 
clusters refused 
to participate? 
[selection bias] 

The two Swedish 
studies had 
participation rates 
of 68% and 58%, 
while participation 
in the Dutch study 
was 37%. 
There is potential 
for sample selection 
bias due to low 
response rate in the 
Dutch study. 

No information 
provided, but 
assumed to be the 
same as Yano 2013, 
which was based on 
the same study 
sample. 
There is potential 
for sample selection 
bias due to low 
response rate.  

49% of exposed 
group participated 
(n = ~366, 
calculated), 
45% responded     
(n = ~145, 
calculated). 
High potential for 
selection bias due 
to low response 
rate.  
Sampling area 
determined by 
distance from wind 
turbines. 

The sample sizes of 
the exposed and 
control groups were 
not reported, nor 
the response rates. 
Insufficient detail 
about the 
recruitment process 
and response rate 
to evaluate 
selection bias. 
Response rates in 
2010 survey were 
poor, and 
response/selection 
bias may have been 
more likely in 2012 
survey than in 2010 
survey because 
blinding to purpose 
of the later study 
likely less effective. 

Subjects randomly 
chosen using a 
two-stage sampling 
technique. No 
information 
provided about 
whether 
participants were 
blinded to the 
purpose of the 
study. 
Unable to 
determine response 
rate as size of initial 
sampling frame not 
reported and 
number of refusals 
and non-contacts 
not reported. 
Sampling area 
determined by 
distance from wind 
turbines, but 
unknown whether 
there is differential 
participation rates 
at various distances 
from wind farms 
(which may be 
evidence of 

The survey 
questionnaire was 
sent to 
4,876 residences, 
with 412 returned 
(8.5% response 
rate) of which only 
396 (8.1%) were 
included due to 
incomplete data. 
High potential for 
selection bias due 
to low response 
rate, which also 
varied by county.  

100 to 200 
questionnaires 
were distributed to 
households near 
each of 13 wind 
farms.  
Average response 
rate = 25% (range 
11% to 39%). 
High potential for 
selection bias due 
to low response 
rate.  
Sampling area 
determined by 
distance from wind 
turbines. 
Incentive to 
participate was 
15 EUR or entry in a 
lottery. 

89% of those who 
received a 
questionnaire did 
not complete and 
return it. 
The low response 
rate suggests likely 
selection bias. 
Attempt to gauge 
likely degree of 
participation bias 
by asking how they 
feel about wind 
power has little 
validity. 
Sampling area 
determined by 
distance from wind 
turbines. 
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Study ID 
 

Janssen 2011  
(This is a further analysis of 
data collected by three 
studies reviewed in the 
Independent Review) 

Kuwano 2013 Yano 2013  
(This is a further analysis 
of data collected by 
Kuwano 2013) 

McBride 2013 Mroczek 2012 Paller 2014 Pohl 2012 Taylor 2013a 

possible selection 
bias). 
Lack of data on 
non-responders 
could also 
contribute to 
selection bias. 

Are outcomes 
measured in a 
standard, valid 
and reliable way? 
 
[outcome 
misclassification] 

Non-validated 
measures of 
annoyance used.  
Outcomes 
self-reported. 

Outcomes are 
self-reported, and 
no information has 
been provided 
about validation of 
measurements. 
 

Use of ICBEN 
five-point verbal 
scale to rate 
annoyance due to 
wind turbine noise 
(unclear if this is a 
validated tool).  
Outcomes are 
self-reported. 
 

General health and 
overall quality of 
life were measured 
using the 
WHOQOL-BREF 
(26-item version) 
measured physical 
(seven items), 
psychological 
(six items), and 
social (three items) 
HRQOL, an 
additional eight 
item domain 
measuring 
environmental QOL 
and two ‘generic 
‘items asking about 
general health’.  
There is a high 
probability of 
exposure 
misclassification 
(exposure time not 
well-defined), and 
outcome 

Use of SF-36 and 
VAS as tools for 
quality of life was 
well described. 
Outcomes 
self-reported. 
 

Health outcomes 
were measured 
using a number of 
scales and surveys, 
however it is 
unclear whether 
these are validated 
instruments. 

Overall, only low 
misclassification of 
outcomes is 
expected due to the 
methods and scales. 
Outcomes 
self-reported. 
 

Positive and 
negative affectivity 
measured by using 
a modified scale. 
Neuroticism, 
frustration 
intolerance and 
nonspecific somatic 
symptoms used 
self-report scales. 
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Janssen 2011  
(This is a further analysis of 
data collected by three 
studies reviewed in the 
Independent Review) 

Kuwano 2013 Yano 2013  
(This is a further analysis 
of data collected by 
Kuwano 2013) 

McBride 2013 Mroczek 2012 Paller 2014 Pohl 2012 Taylor 2013a 

misclassification 
(amenity questions 
apparently not 
validated 
instruments). 

What 
percentages of 
individuals or 
clusters recruited 
into the study are 
not included in 
the analysis (i.e. 
loss to follow-
up)? 

The two Swedish 
studies had 
participation rates 
of 68% and 58%, 
while participation 
in the Dutch study 
was 37%.  
In the Swedish 
studies, 
respondents were 
not found to differ 
from the population 
in the study areas 
on age and gender 
(other 
characteristics not 
reported). Early vs 
late respondents 
were reported not 
to differ in their 
answers, but no 
data on this were 
reported. In the 
Dutch study, 
200 non-responders 
were sent a 
questionnaire about 
annoyance 

Unknown. 
Response rates 
were not provided, 
but assumed to be 
the same as 
Yano 2013, which 
was based on the 
same study sample. 
No information was 
presented on 
characteristics of 
non-responders or 
how 
non-responders 
differed from 
participants. 
Loss to follow up 
not relevant as 
cross-sectional 
study. 

Unknown. 
No information was 
presented on 
characteristics of 
non-responders or 
how 
non-responders 
differed from 
participants. 
Loss to follow up 
not relevant as 
cross-sectional 
study. 

Unknown. 
Response rates 
were not provided. 
No information was 
presented on 
characteristics of 
non-responders or 
how 
non-responders 
differed from 
participants. 
Loss to follow up 
not relevant as 
cross-sectional 
study. 

Unknown. 
Response rates 
were not provided. 
No information was 
presented on 
characteristics of 
non-responders or 
how 
non-responders 
differed from 
participants. 
Loss to follow up 
not relevant as 
cross-sectional 
study. 

Survey 
questionnaire sent 
to 4,876 residences, 
with 412 returned 
(8.5% response 
rate) of which 
396 (8.1%) were 
included due to 
incomplete data. 
No information was 
presented on 
characteristics of 
non-responders or 
how 
non-responders 
differed from 
participants. 
Loss to follow up 
not relevant as 
cross-sectional 
study. 

Unknown. 
No information was 
presented on 
characteristics of 
non-responders or 
how 
non-responders 
differed from 
participants. 
Loss to follow up 
not relevant as 
cross-sectional 
study. 

Unknown. 
No information was 
presented on 
characteristics of 
non-responders or 
how 
non-responders 
differed from 
participants. 
Loss to follow up 
not relevant as 
cross-sectional 
study. 
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Janssen 2011  
(This is a further analysis of 
data collected by three 
studies reviewed in the 
Independent Review) 

Kuwano 2013 Yano 2013  
(This is a further analysis 
of data collected by 
Kuwano 2013) 

McBride 2013 Mroczek 2012 Paller 2014 Pohl 2012 Taylor 2013a 

(48% responded); 
no differences in 
annoyance were 
found between this 
group and the study 
participants. 
Loss to follow up 
not relevant as 
cross-sectional 
study. 

Recall bias? 
 

Given the nature of 
the survey it is 
implausible that 
participants would 
have been blinded 
to its purpose. 

Given the nature of 
the survey it is 
implausible that 
participants would 
have been blinded 
to its purpose. 

Given the nature of 
the survey it is 
implausible that 
participants would 
have been blinded 
to its purpose. 

Uncertain. 
Participants were 
blinded to study 
purpose in original 
survey but authors 
acknowledge 
participants 
possibly unblinded 
in present survey 
due to publicity 
associated with 
original survey. 

No information is 
provided about 
whether 
participants were 
blinded to the 
purpose of the 
study. 
Unknown whether 
respondents 
influenced by 
renting their land 
for wind farm 
construction and 
use. 
 

Information bias is 
likely, as the 
self-reported 
distance from the 
nearest wind farm 
was grossly 
underestimated.  
No blinding was 
possible. 
 

Yes. 
The study purpose 
was not masked 
and an incentive to 
take part was 
offered, so 
responder bias may 
have been 
enhanced. 

Uncertain. 
The study purpose 
was not masked. 
Findings stronger 
for perceived noise 
exposure, rather 
than calculated 
noise exposure, 
which could suggest 
recall bias. 

Confounding? 
(other factors 
that could affect 
the outcomes) 

Age, sex, noise 
sensitivity, 
economic benefit, 
visibility of wind 
turbine, and living in 
rural and flat terrain 
were adjusted for in 

No information 
provided by authors 
about addressing 
confounders. 
Another factor that 
could affect the 
outcomes is that 

No information 
provided by 
authors about 
addressing 
confounders. 

Socioeconomic and 
geographic 
matching and 
adjustment by 
length of residence 
were undertaken. 
Detail about 

Plausible 
confounders that 
were not addressed 
include socio-
economic status, 
occupation, chronic 
diseases and risk 

Some collected 
demographic 
information 
(education, income, 
marital status) were 
not used for 
adjustment in 

Multiple potential 
confounders were 
considered in the 
analysis, but others, 
such as socio-
economic status 
(SES) were not. 

Discussion of 
confounders was 
limited, and no 
adjustments were 
provided on likely 
confounders such 
as employment, 

 
014023



 

22 

Study ID 
 

Janssen 2011  
(This is a further analysis of 
data collected by three 
studies reviewed in the 
Independent Review) 

Kuwano 2013 Yano 2013  
(This is a further analysis 
of data collected by 
Kuwano 2013) 

McBride 2013 Mroczek 2012 Paller 2014 Pohl 2012 Taylor 2013a 

models used in the 
study. However, 
data on some other 
potentially 
important 
confounders, such 
as socioeconomic 
status, medical 
status, other 
potential sources of 
annoyance and 
country, were either 
not collected or 
adjusted for in the 
analyses. Therefore, 
confounding may 
have affected the 
results, as 
annoyance can be 
influenced by a wide 
range of lifestyle, 
demographic, health
and environmental 
factors. 

there is potential 
for misclassification 
of exposure 
(duration of 
exposure not 
quantified).  

recruitment, 
selection and 
matching not 
provided, but 
plausible 
confounders not 
addressed in 
previous (and nor 
presumably this) 
report include age, 
education, chronic 
disease and risk 
factors for chronic 
disease, 
occupation, 
employment, 
background noise, 
and turbine 
visibility. 
 

factors for chronic 
diseases.  
 

analyses, and so 
could have affected 
the outcomes.  
Other potential 
sources of 
confounding likely 
to have affected the 
results are the 
health outcomes, 
such as quality of 
life, 
symptomatology, 
sleep and life 
satisfaction as they 
are influenced by a 
very wide range of 
health, 
demographic, 
lifestyle and 
environmental 
factors. 

economic benefit 
from wind turbines 
etc.  

Chance? There was only one 
outcome (although 
this was for 
annoyance both 
inside and outside, 
so there were two 
variables) and only 
one exposure 
measure (Lden). 

No statistical tests 
for differences were 
performed. 

Possibility of 
spurious significant 
associations arising 
by chance cannot 
be excluded as 
multiple statistical 
tests were 
conducted. No 
mention of 

Statistical tests for 
differences were 
performed; 
however there was 
no mention of 
statistical 
adjustments for 
multiple testing. 

Possibility of 
spurious significant 
associations arising 
by chance cannot 
be excluded as 
multiple statistical 
tests were 
conducted. No 
mention of 

Large number of 
analyses likely to 
have been 
undertaken given 
the number of wind 
farms, outcome 
measures and their 
component 
variables. No 

Possibility of 
spurious significant 
associations arising 
by chance cannot 
be excluded as 
multiple statistical 
tests were 
conducted. 
 

Possibility of 
spurious significant 
associations arising 
by chance cannot 
be excluded as 
multiple statistical 
tests were 
conducted. 
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Janssen 2011  
(This is a further analysis of 
data collected by three 
studies reviewed in the 
Independent Review) 

Kuwano 2013 Yano 2013  
(This is a further analysis 
of data collected by 
Kuwano 2013) 

McBride 2013 Mroczek 2012 Paller 2014 Pohl 2012 Taylor 2013a 

Thus there was not 
an excessive 
number of analyses 
in the paper, which 
reduces the 
potential for chance 
to explain the 
associations found. 

statistical 
adjustments for 
multiple testing.  
 

statistical 
adjustments for 
multiple testing. 

correction for 
multiple 
comparisons was 
undertaken. Thus, 
chance cannot be 
excluded as an 
explanation for at 
least some of the 
associations found. 

Overall quality of 
the study to 
determine 
whether wind 
farms cause 
adverse health 
effects? 

The design of this 
pooled study had 
some strengths 
over much of the 
other published 
epidemiological 
wind turbine 
research, such as 
having a clear and 
limited set of 
specific objectives, 
the large sample 
size of 
1820 participants, 
acceptable 
recruitment rates 
(at least for the two 
Swedish studies, 
rather than the 
Dutch study), 
robust exposure 
metrics based on 
measured data and 
high quality 

There was no 
difference between 
exposure and 
control groups in 
reported 
satisfaction with 
living environments. 
More exposed 
group respondents 
reported wind 
turbine, road traffic 
and ‘other’ noise as 
the most annoying 
in their 
environment, and 
trouble sleeping 
due to 
(non-specified) 
noise.  
However the 
reliability of the 
results are limited 
by the overall 
quality of the study 

Though 
directionality of 
dose-response 
measurements are 
as expected (i.e. 
the prevalence and 
severity of 
annoyance 
increased with 
increasing sound 
level), the study 
was cross-sectional 
in design and so 
does not permit 
definitive 
conclusions 
regarding causation 
and health 
outcomes, in this 
case annoyance 
due to wind turbine 
noise. 
In addition, bias is 
likely due to 

There was little 
difference evident 
in WHOQOL scores 
among exposed 
residents in 2010 
and 2012. In the 
current survey, 
exposed residents 
scored significantly 
lower than (2012) 
control residents in 
the physical domain 
(p = 0.043). 
Answers to the 
amenity questions 
indicated no 
significant 
difference in scores 
over time, however 
there was a 
significant decrease 
in amenity in the 
2012 control group 
compared with the 

Cross-sectional 
design does not 
permit conclusions 
regarding causation 
between quality of 
life and wind farms. 
The finding that 
QOL was inversely 
related to distance 
of home from a 
wind farm was 
unconvincing given 
the lack of data 
regarding 
responders living 
near wind farms 
receiving rent from 
wind farm 
operators.  
Due to major 
potential 
confounders not 
being considered, 
and the potential 

The study design 
had some 
strengths, however 
other aspects, 
including the 
execution, were 
poor. The very low 
participation rates, 
the use of some 
non-validated 
instruments (e.g. 
symptom reporting 
and the Wind 
Turbine Syndrome 
(WTS) index), lack 
of data on 
potentially 
important 
confounders 
weakened the 
quality of the study. 
In addition, most 
health outcomes 
did not appear to 

This study was 
cross-sectional in 
design. This does 
not permit any 
conclusions 
regarding causation 
and health 
outcomes, in this 
case annoyance, 
from wind turbines. 
However, the 
results are 
consistent and the 
findings of the 
research robust.  
This study has 
limited capacity to 
inform the 
assessment of wind 
turbine obstruction 
markings as a cause 
of adverse health 
effects.  

Perception of noise, 
rather than actual 
noise exposure, is 
important in 
predicting 
symptoms of 
ill-health. This 
relationship is 
stronger in those 
who have 
personality 
characterised by 
negative affect, and 
intolerance of 
negative emotion 
and events. 
However this 
finding is not 
convincing given 
the low response 
rate, lack of 
description of 
non-responders 
and use of 
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Janssen 2011  
(This is a further analysis of 
data collected by three 
studies reviewed in the 
Independent Review) 

Kuwano 2013 Yano 2013  
(This is a further analysis 
of data collected by 
Kuwano 2013) 

McBride 2013 Mroczek 2012 Paller 2014 Pohl 2012 Taylor 2013a 

reporting in the 
paper.    
Conversely, there 
were some 
weaknesses, such as 
the cross-sectional 
design, using 
non-validated 
self-report outcome 
measures of 
annoyance and 
noise sensitivity, 
pooling data from 
three different 
studies from two 
different countries 
(with inevitable 
differences in 
methods used, 
although these are 
small) and lack of 
data on potentially 
important factors 
which may 
influence 
annoyance.  
Overall confidence 
in the results is 
considered 
moderate. 

which is considered 
poor due to several 
aspects, including 
bias from 
self-reported 
outcomes, low 
recruitment rate 
and lack of 
statistical testing. 
The study design 
was cross-sectional 
which does not 
permit any 
conclusions about 
causation, and it is 
unclear whether the 
reported 
differences 
between control 
and exposed groups 
are associated with 
wind turbine noise.  
Generalisability of 
findings is likely 
limited due to over-
recruitment of 
elderly residents, 
and cultural / 
contextual 
differences 
between Japan and 
Australia.  
This study has very 

self-reported 
outcomes and 
recruitment 
method.  
Generalisability of 
findings is likely 
limited due to 
over-recruitment of 
elderly residents, 
and cultural / 
contextual 
differences 
between Japan and 
Australia.  
Overall, this study 
has very limited 
capacity to inform 
the assessment of 
wind turbine noise 
of adverse health 
effects. 

2010 control group 
(p = 0.034). 
The overall quality 
of the study is 
considered poor 
due to, among 
other things, the 
high probability of 
recall bias, 
exposure and 
outcome 
misclassifications, 
and confounding. In 
addition, this study 
has a repeat 
cross-sectional 
design, it however 
does not permit 
definitive 
conclusions 
regarding causation 
and health 
outcomes. 
Therefore, this 
study has limited 
capacity to inform 
the assessment of 
wind turbine noise 
as a cause of 
adverse health 
effects. 

for recall and 
selection bias, and 
chance 
associations, this 
study has an overall 
poor quality rating. 
This study has very 
limited capacity to 
inform the 
assessment of wind 
turbine noise as a 
cause of adverse 
health effects. 
 

have a relationship 
with distance from 
a wind farm, and 
the two findings for 
which there 
appeared to be an 
association, could 
be explained by 
chance, bias or 
confounding.  
Therefore, it is 
unlikely that the 
findings of this 
study have any 
clear implications in 
relation to the 
question of 
proximity of wind 
farms and human 
health. 

modelled noise 
exposure instead of 
actual 
measurements for 
relatively small 
wind turbines. In 
addition, the 
cross-sectional 
design does not 
permit any 
conclusions 
regarding causation 
and health 
outcomes. 
This study has 
limited capacity to 
inform the 
assessment of wind 
turbine noise as a 
cause of adverse 
health effects. 
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limited capacity to 
inform the 
assessment of wind 
turbine noise as a 
cause of adverse 
health effects. 
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Table 1b – Results of Included Studies (Direct Evidence) and Commentary 

Study ID Results Commentary (by Authors of this review) 

Janssen 2011 In the adjusted models there was a small positive association between 
noise level and indoor annoyance. There was significant variability 
between the three studies, with lower annoyance in the Swedish studies.  
Visibility of the wind turbines had a considerably stronger positive effect 
than for the noise level, while self-reported noise sensitivity was only 
weakly associated with noise. Annoyance was found to be strongly 
reduced for economic benefit. A similar pattern of associations was 
found for outdoor annoyance. Repeating the analyses taking out those 
who did not benefit economically and not taking the individual study 
effects into account resulted in a steeper slope of the relationship 
between noise and annoyance for both indoors (B = 5.50) and outdoors 
(B = 5.48). 

Dose-response curves show that noise levels up to about 35 dB caused 
almost no annoyance for both indoors and outdoors. The authors 
estimated that an Lden of 45 dB resulted in 12% annoyed participants 
indoors and 26% annoyed participants outdoors. It should be noted that 
the numbers of highly annoyed participants indoors and outdoors were 
very small (specific numbers not reported) and this, coupled with small 
numbers exposed above 45 dB, resulted in wide error bars at the higher 
noise levels.   

For both indoors and outdoors, a 1 dB increase in Lden was estimated to 
increase annoyance by about three points on a 100-point scale. No 
confidence intervals or p-values given. 

This paper, comprising pooled data from three European cross-sectional 
studies of wind turbine noise and annoyance, is a little stronger than 
most other Direct Evidence papers included in this review. In particular, 
participation rates were reasonable for two out of the three studies and 
noise measurement was robust. There were some weaknesses in the 
annoyance measurement and other factors, such as noise susceptibility, 
which were based on self-report and insufficient consideration of 
confounders. The most reliable conclusion from this study is that there is 
a small, but statistically significant association between self-reported 
annoyance and wind turbine noise. There is also a consistent 
dose-response relationship between increasing noise and increased 
annoyance. The relationship is similar for indoor and outdoor annoyance. 
The other interesting finding is that factors such as economic benefit and 
visibility are suggested to have a stronger effect on annoyance, reducing 
and increasing annoyance respectively. 

Kuwano 2013 No statistical tests were reported for this study. According to the study 
authors, there appeared to be some difference between wind turbine 
site respondents and control area respondents in the satisfaction of 
quietness in their environmental surroundings. The authors also noted 
that more control site respondents reported no concerns with noise 
compared with wind turbine site respondents, and more wind turbine 
site respondents reported that wind turbines were the most annoying 

This cross-sectional survey does not permit any reliable conclusions 
about causation and it is unclear whether the reported differences 
between control and exposed groups are associated with wind turbine 
noise. The aim of the study was to conduct a social survey of wind 
turbine noise using a questionnaire that had been developed to examine 
responses to environmental noise. The study compared an ‘exposed’ 
group of residents from sites with audible wind turbine noise and a 
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Study ID Results Commentary (by Authors of this review) 

sound in their environment.  

However, more wind turbine respondents also nominated road traffic 
noise or “other” noise as their most annoying noise, suggesting that the 
wind turbine areas surveyed may have a different overall noise profile 
compared with control areas. It appeared that somewhat more wind 
turbine site respondents reported trouble with sleep, but more wind 
turbine site respondents also did not answer this question. According to 
the authors, wind turbine noise respondents who had trouble sleeping 
were more likely to report noise as the reason; however what type of 
noise was not investigated and earlier questions indicated that this group 
were troubled more than control groups by other types of noise as well 
as wind turbine noise. 

control group where no wind turbines were visible and no noise from 
turbines was audible.  

The survey design does not associate reported outcomes to measured 
wind turbine noise, and the overall noise profile of control areas and 
wind turbine areas may be systematically different in other ways. No 
data were reported to determine whether poorer sleep or greater 
annoyance could be attributable to the degree of noise exposure in the 
‘exposed’ group. 

Lack of statistical testing makes it difficult to determine if differences 
between control and exposed groups are likely to be due to chance. The 
low recruitment rate indicates possibility for recruitment bias and 
over-recruitment of elderly residents limits generalisability to the 
broader population. The context of the survey is poorly described, but it 
is likely to be very different to the Australian context of wind turbine 
exposure, limiting generalisability to the Australian context. This study 
has very limited capacity to inform the assessment of wind turbine noise 
as a cause of adverse health effects. 

Yano 2013  This study presented annoyance-distance and annoyance-noise (LAeq) 
curves based on survey data which the authors describe as indicating the 
dose-response relationship between wind turbine exposure and 
annoyance response among nearby residents.  

While the specific p-values were not reported, the authors indicated that 
respondents were significantly more likely to be “more extremely 
annoyed than others” by wind turbines if they reported being “interested 
in environmental problems”, thought that “wind turbine generator was 
not a good method” and viewed them as “disturbing the landscape”. 
Self-reported “sensitivity to sound” was also associated with greater 
propensity to report being extremely annoyed by wind turbines. 

Annoyance at sites with sea wave sound was significantly lower than that 
at sites without, and the authors suggested this was because of masking 
of turbine noise by sea wave sound. There was no significant difference 
in exposure-annoyance relationships between colder and warmer areas. 

The purpose of this cross-sectional survey was to investigate the effects 
of moderating factors of annoyance caused by wind turbine noise. This 
study does not permit any conclusions about causation because it cannot 
be determined that exposures precede outcomes. Self-reported 
exposures and outcomes are likely to be subject to reporting bias and 
recruitment bias is also likely. Overall noise profile of control areas is 
likely to be systematically different to wind turbine areas in ways other 
than presence of turbines.  

Over-recruitment of elderly residents limits generalisability to broader 
population. Although context is poorly described, differences between 
Japanese and Australian contexts likely limit generalisability to Australia. 
This study has very limited capacity to inform the assessment of wind 
turbine noise on adverse health effects. 
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Study ID Results Commentary (by Authors of this review) 

McBride 2013 Two-year follow up of a previous cross-sectional survey carried out on 
individuals living within two kilometres of industrial wind turbines 
compared with a matched control group (Shepherd 2011). This study was 
conducted in the same community as the 2010 survey, but with a 
different sample. There was little difference evident in WHOQOL scores 
among exposed residents (Makara, NZ) in 2010 and 2012.  

In the current survey, exposed residents scored significantly lower (i.e. 
poorer) than control residents in the physical domain (Mann-Whitney 
U test p = 0.043). Examination of individual WHOQOL questions revealed 
that exposed residents scored significantly lower (i.e. poorer) on the 
question, “How satisfied are you with your health?” (p = 0.020). Answers 
to the amenity questions indicated no significant difference in scores 
over time, however, there was a significant decrease in amenity in the 
2012 control group compared with the 2010 control group (p = 0.034).  

This cross-sectional study was carried out to compare health-related 
quality of life (HRQOL) in both a community living within 2 km of a wind 
farm and a control group, with the results of a similar survey conducted 
two years earlier. Although it replicates the previous cross-sectional 
study in the same community, the study does not permit conclusions 
regarding causality. Therefore, it is unknown if the exposure preceded 
the self-reported health and amenity outcomes. Also, given that the 
outcomes are based on self-report, it is plausible that pre-existing 
opinions about the turbine installation in question, or about wind 
turbines in general, may have influenced participant recruitment and 
self-reported outcomes.  

While the overall health of the exposed group was self-reported as being 
significantly poorer than the control group in the 2012 dataset, this 
difference between groups was small and potentially influenced by 
factors other than exposure to the turbine, given that other confounders 
were not taken into account in the analysis. Follow up of individuals in 
comparison to communities would have been more beneficial. This study 
has limited capacity to inform the assessment of wind turbine noise as a 
cause of adverse health effects. 

Mroczek 2012 Quality of life (QOL) within all subscales was reported to be highest by 
the respondents living the closest to wind farms and lowest by those 
living farther than 1,500 m from a wind farm (and by those who did not 
know about the plans for construction of a wind farm in their 
neighbourhood).  

People living more than 1,500 m from a wind farm assessed their vitality 
(V) significantly lower than those living the closest distance from a wind 
farm (p < 0.05). Within the mental health (MH) subscale, the respondents 
living the closest distance from a wind farm assessed their QOL 
significantly higher compared to those living between 1,000 m to 
1,500 m or more from a wind farm (p < 0.05 in both cases). The distance 
between a place of residence and a wind farm also had a statistically 
significant effect on QOL scores within the social functioning (SF) and the 

This study was cross-sectional in design and does not permit any 
conclusions regarding causation between QOL and wind farms. The 
results of this study indicate that close proximity to wind farms does not 
result in a deterioration of QOL. However, the finding that QOL was 
inversely related to distance of home from a wind farm was unconvincing 
given the lack of data regarding responders living near wind farms 
receiving rent from wind farm operators.  

Other biases and confounders were not addressed and this study has 
limited capacity to inform the assessment of wind turbine noise as a 
cause of adverse health effects. 
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Study ID Results Commentary (by Authors of this review) 

role functioning-emotional (RE) subscales (p < 0.05).  

A regression analysis found that various socio-demographic and health 
variables (including whether respondents worked, learned or had a farm) 
within the subscales had only limited influence on how respondents 
perceived their QOL. 

Paller 2014 A statistically significant association between the logarithm of distance 
and the Pittsburgh Sleep Quality Index (PSQI) was found when controlling 
for age, gender and county, with sleep improving with greater distance 
from the wind farm (adjusted R-Squared = 0.08 and p = 0.01 for the 
adjusted model were the only ways that these findings were presented).  

Among the eight Wind Turbine Syndrome (WTS) index variables, the 
relationship between vertigo and the logarithm of distance was 
statistically significant when controlling for age, gender and county, with 
vertigo worse among participants living closer to the wind farm (adjusted 
R-Squared = 0.11 and p < 0.001 for the adjusted model were the only 
ways that these findings were presented).  

Distance-response relationships were presented for those outcomes 
shown to be associated with the logarithm of distance (PSQI and vertigo) 
or close to being statistically significant (tinnitus p = 0.08). While no data 
were presented for a similar analysis of WTS index, it is stated in the text 
that there was no association with the logarithm of distance, but vertigo 
was one of the variables used in this index.  

There was no significant difference across each of the eight wind farms, 
and for each of the quartiles of distance from a wind farm, for the 
following outcomes: Physical Component Score (PCS) and Mental 
Component Score (MCS) of the SF-12, depression, Satisfaction With Life 
Scale (SWLS), Wind Turbine Syndrome (WTS) index, headache, irritability 
score, concentration problems, nausea, undue tiredness, tinnitus or sleep 
quality. 

While the serious limitations in design, execution, analysis and 
presentation in this Master’s Thesis make interpretation of these findings 
difficult, most health outcomes did not appear to have a relationship 
with distance from a wind farm. The two findings for which there 
appeared to be an association (poorer sleep quality and vertigo) could be 
explained by chance, bias or confounding. Therefore, it is unlikely that 
the findings of this study have any clear implications in relation to the 
question of proximity of wind farms and human health. 
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Study ID Results Commentary (by Authors of this review) 

Pohl 2012 This study, which considered stress responses to aircraft obstruction 
markings on wind farms, found no evidence of substantial annoyance 
caused by the obstruction markings. According to the study authors, 
residents exposed to xenon lights reported more intense and 
multifaceted stress responses than those exposed to LED or colour 
markings on blades, however p-values were not reported.  

The authors also considered that synchronised navigation lights were 
found to be less annoying than non-synchronised lights under certain 
weather conditions, and that light intensity adjustment seemed to be 
advantageous. The respondents ‘strain during the planning and 
construction phase’ appeared to have a moderating on the relationship 
between research conditions (day marking, synchronisation, intensity 
adjustment, landscape scenery) and annoyance.  

The stress factor of a wind farm that was rated most annoying was 
changes to landscape scenery, followed by wind turbine noise. While 
p-values were not reported, the authors state that annoyance caused by 
night and day markings was significantly lower than these factors. 

This study was cross-sectional in design. This does not permit any 
conclusions regarding causation and health outcomes, in this case 
annoyance, from wind turbines. However, the results are consistent and 
the findings of the research robust. The study has limited capacity to 
inform the assessment of wind turbine obstruction markings as a cause 
of adverse health effects. 

 

Taylor 2013a Respondents living in areas with low probability of hearing turbine noise 
had higher Positive Affectivity (mean = 2.86; SD = 1.05) than those living 
in areas with moderate (mean = 2.38; SD = 1.21) or high (mean = 1.97; 
SD = 1.04) probability of hearing turbine noise (F2,118 = 6.40; partial 
g2 = 0.10; p < 0.01).  

Two-step hierarchical regression analyses were carried out to examine 
the moderating impact of Negative Oriented Personality (NOP) traits on 
the perceived noise loudness – reported symptom relationship. The 
simple slope analyses showed that the link between perceived loudness 
and symptoms reporting only occurred at high levels of discomfort 
intolerance (b = 3.954, t = 3.4815, p < 0.001) and emotional intolerance 
(b = 1.921, t = 1.677, p < 0.096). However, the simple slope analyses 
examining the link between perceived loudness and symptoms reporting 
did not reach significance at any level of Negative Affectivity.  

This paper investigated whether any association between wind turbine 
noise and reporting of non-specific symptoms (NSS) was attributable to 
actual noise levels or an individual’s perceptions of noise. The overall 
finding was that perception of noise rather than actual noise exposure is 
important in predicting symptoms of ill-health, and that this relationship 
is stronger in those who have personality characterised by Negative 
Affectivity and intolerance of negative emotion and events.  

However this finding is not convincing given the low response rate, lack 
of description of non-responders, and use of modelled noise exposure 
instead of actual measurements for relatively small wind turbines. The 
study has limited capacity to inform the assessment of wind turbine 
noise as a cause of adverse health effects. 
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Study ID Results Commentary (by Authors of this review) 

A second series of five hierarchical regression analyses examined the 
interaction between calculated actual noise from the turbine and NOP 
traits on symptom reporting. Calculated actual wind turbine noise did not 
affect symptom reporting directly or interactively.  
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Summary of studies of Supporting Evidence 

Thirty citations, representing 26 unique studies, met the criteria for the Background, Mechanistic and 
Parallel Evidence components of the review (15 Background studies; six Mechanistic studies; five Parallel 
studies). Twenty-one of these studies were identified from the submissions (Submitted Literature) and 
five from the repeat systematic literature search. A summary of the characteristics of the included 
studies is provided in Table 2. 

Since the identification of these studies depended on submissions received during the public 
consultation, and was thus not the result of a systematic search of the literature, their findings may not 
be representative of the complete body of evidence from published studies relevant to their topics. At 
best, these studies represent a snapshot of (mostly) recent research in this area. 

Background Evidence 

The fifteen studies were grouped according to the type of emission being investigated. Noise and 
infrasound accounted for seven and five studies, respectively. Shadow flicker, annoyance and 
electromagnetic field (EMF) were each the subject of one study. Collectively, the studies were concerned 
with measuring exposure levels from wind turbines and how these levels vary by distance and other 
characteristics (e.g. terrain, climate, etc.). The following question was addressed: 

For each such emission from wind turbines (i.e. noise, infrasound, flicker or EMR), what is the 
level of exposure from a wind turbine and how does it vary by distance and characteristics of the 
terrain separating a wind turbine from potentially exposed people? 

1. Noise 

Bockstael 2012 reported that factors which may influence annoyance from wind turbines were angular 
blade velocity, nacelle position (wind direction) and relative humidity. The fluctuation indicator, 
developed in the study, was related to noise with “not at all annoyed” at noise levels in the low 40 dB(A) 
range to “extremely annoyed” at the high 90 dB(A) range. Level of exposure from a wind turbine in the 
study was 42.8 dB(A) at 17 rotations of the blade and measured levels were slightly higher than the 
calculated levels.  

Doolan 2013 reported measurements made at 2.5 km and 8 km from a wind turbine. Measurements 
were in the 10 Hz to 30 Hz frequency band and the broadband up to 1000 Hz, using three metrics to 
assess exposure to overall noise. Overall noise levels were found to be low and at the level of 
detectability and ranged from 39 dB(Unweighted) to 67 dB(Unweighted) and 30 dB(A) to 34 dB(A) for 
broadband noise. For the 10 Hz to 30 Hz band the noise level ranged from 36 dB(Unweighted) to 
66 dB(Unweighted). No link could be made between the noise data and the operation of the wind 
turbine. Three subsequent publications reporting on this study (Zajamsek 2013a, 2013b, 2014) refined 
the recording technique proposed by Doolan by additional microphones and measurement locations. 
Local wind speed was found to be more important for annoyance at the house 2.5 km from the turbine 
than at 8 km. At 8 km distance, time of day was found to be more important for annoyance than wind 
speed and direction. 

A report by the EPA South Australia in 2013 (EPA SA 2013) for the Waterloo Wind Farm measured both 
audible noise and infrasound at six locations 1.3 km to 7.6 km from the wind farm. Audible noise was 
detected at two homes but at very low levels. For downwind conditions the levels outside of the 
residences were 29 dB(A) to 39 dB(A), compared with 27 dB(A) to 30 dB(A) measured during upwind 
conditions outside of the residences. The recommended evening and night time limit of 20 dB(A) was met 
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for 99% of the time (inside of the residences) when the wind turbines were in operation. Extensive 
information was provided regarding variation of G, A and C-weighted noise by wind speed, direction and 
shutdown periods.  

Evans 2013 reported on pre-operational and operational low frequency noise (LFN) and infrasound at the 
Macarthur wind farm. A-weighted and un-weighted sound levels for LFN were measured indoors at two 
farms 1.8 km and 2.7 km from the wind farm. Measurements undertaken at three operating conditions 
(no turbines, 105 and 140 turbines), and the effects of varying hub height and wind direction speeds 
were assessed. Almost all noise levels were below 30 dB(A) with only seven ten-minute periods out of 
23 nights of monitoring exceeding the low frequency noise criteria developed by the UK Department for 
Environment, Food and Rural Affairs (DEFRA). No information was provided regarding attenuation by 
distance.   

The study by Møller 2011 was an extensive noise survey of LFN from 48 wind turbines to assess 
penetration into indoor spaces. Factors investigated included effects from wind speed, directivity, sound 
insulation of the building, noise versus turbine size, ground reflections, distance from turbine, window 
configuration (open or closed) and atmospheric effects. Different factors may increase or decrease sound 
at the receiver with wind speed, directivity, distance and turbine size all potentially increasing noise. The 
authors state: “The minimum distance, where a 35 dB limit is complied with, varies considerably between 
the large turbines, even when the turbines are relatively equal in size (2.3–3.6 MW). The distance varies 
from slightly over 600 m to more than 1200 m.”  

Schiff 2013 investigated outdoor LFN at five measurement locations near 84 wind turbines in rural 
western New York state. Two control sites were chosen, but data from one control site were discarded. 
Data were provided on the predicted variation of noise with distance as reported in the pre-construction 
environmental impact assessment, e.g. if distance to three nearest turbines was 663 m, 813 m, and 
856 m (location A) then the noise level was 38 dBA, compared to 48 dBA where the three nearest 
turbines were located at 219 m, 427 m and 666 m (location D). Extensive results were presented for the 
measured change in noise level for different wind speeds at 10-minute intervals. At measurement 
location A, the un-weighted low frequency noise levels were 48.7 dB at 1m/sec and 64.7 dB at 7m/sec 
wind speed. The A-weighted measurements at location A were 33.2 dB(A) and 44.8 dB(A) for wind speeds 
of 1 m/sec and 7 m/sec respectively. At location D the noise levels were slightly higher, but lower at the 
other three locations. The noise exposure at the five receptor locations was generally ordered by the 
distances to nearby turbines. No information was provided regarding the effects of terrain or wind 
direction. 

A consultant report by Walker 2012 (also reported in Schomer 2013) provides details of LFN 
measurements at three homes at distances between 0.4 km and 5.6 km from wind farms. Extensive 
ten-minute measurement results were reported, with 50 dB in the frequency range 16 Hz to 25 Hz, 
measured at the residence located 1280 feet (0.4 km) from a wind turbine. Information regarding 
variation in terrain and distance separating wind turbine from residences was limited. Although the 
distances to various turbines were reported, only overall turbine noise at each home was reported.   

2. Infrasound 

The EPA SA 2013 report included infrasound results for various wind speeds and wind directions, both 
inside and outside of residences at the six locations. For downwind conditions, the levels outside of the 
residences were 61 dB(G) to 64 dB(G), compared with 51 dB(G) to 58 dB(G) inside of the residences. The 
infrasound levels for upwind conditions ranged from 54 dB(G) to 59 dB(G) outside of the residences, 
compared with 45 dB(G) to 50 dB(G) inside the residences. 
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In Evans 2013 the measured infrasound levels during the operational monitoring stage typically ranged 
from 40 dB(G) to 70 dB(G), increasing as the wind speed at the site increased (as was observed during the 
pre-operational and interim stages). All measured infrasound levels during the operational stage 
remained below the assessment criterion of 85 dB(G), with the vast majority of data points significantly 
lower than the criterion. No information was provided regarding variation with distance.  

Møller 2011 only briefly discusses the effects of propagation of infrasound from wind turbines and gives 
some variation in sound due to distance. These results are 69.1 dB(G) at 629 m and 58 dB(G) at 822 m for 
turbines between 2.3 MW and 3.6 MW.  

Schiff 2013 reported infrasound measurement results at five locations near 84 wind turbines in rural 
western New York. At the most affected location (location D), the un-weighted infrasound level increased 
from 53.4 dB with wind speeds of 1 m/sec to 82.8 dB for wind speeds of 7 m/sec. No information for 
wind direction, terrain or distance was presented. 

Turnbull 2012 describe limited information related to wind farm infrasound and variation in distance. 
Infrasound levels reported for the Clements Gap wind farm were as follows: 72 dB(G) at 85m; 67 dB(G) at 
185 m and 61 dB(G) at 360 m. Further results were reported for Cape Bridgewater wind farm: 66 dB(G) at 
100 m and 63 dB(G) at 200 m. These levels of infrasound are all inaudible to humans. 

Walker 2012 (also reported in Schomer 2013) reported measurements of infrasound at three homes at 
varying distances from a wind farm. Extensive ten-minute measurement results were reported for the 
second residence (1280 feet from the nearest turbine), with a sound level of 76 dB detected both indoors 
and outdoors for the frequency harmonics in the 0.7 Hz to 5.6 Hz range. Information regarding variation 
in terrain and distance separating wind turbines from residences was limited.   

3. Flicker 

The report by Brinckerhoff 2011 related to the effects of shadow flicker where effects are only likely to 
occur within 10 times the rotor diameter of wind turbines. Factors that may affect shadow flicker are 
window widths in receiving houses, uses of affected rooms, intervening topography and intervening 
vegetation. No quantitation of these factors was provided.  

4. Electromagnetic radiation 

The report by McCallum 2014 described EMF measurements in the proximity of 15 vestas 1.8MW wind 
turbines. Results reported for three operational scenarios: high wind, low wind and shut-off. The levels 
reported were described in the abstract as follows: “Magnetic field levels detected at the base of the 
turbines under both the ‘high wind’ and ‘low wind’ conditions were low (mean = 0.9 mG; n = 11) and 
rapidly diminished with distance, becoming indistinguishable from background within 2 m of the base. 
Magnetic fields measured 1 m above buried collector lines were also within background (≤ 0.3 mG). 
Beneath overhead 27.5 kV and 500 kV transmission lines, magnetic field levels of up to 16.5 mG and 
46 mG, respectively, were recorded. These levels also diminished rapidly with distance. None of these 
sources appeared to influence magnetic field levels at nearby homes located as close as just over 500 m 
from turbines, where measurements immediately outside of the homes were ≤ 0.4 mG.” 

5.Vibration 

Styles 2005 described ultra-low vibration amplitudes generated by wind farms for variation in wind 
speed, distance and mode of propagation. Clear harmonic components at multiplies of 0.5 Hz were 
observed at 0.5 Hz to 7.5 Hz, at levels up to 250 nanometres per second, which were clearly vibrations 
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from a wind turbine. Vibrations could be detected in excess of 10 km from a turbine, but amplitudes 
were very low.    

Several studies (Maschke 2007; Qibai 2004; van Renterghem 2013; Tickell 2012) presented no new data 
regarding shadow flicker, EMR or variation of wind turbine noise in relation to characteristics, such as 
wind speed, distance or terrain.  

Mechanistic Evidence 

This section addresses the following question: 

Is there basic biological evidence that make it plausible that wind turbines cause adverse 
health effects? 

There is some evidence from laboratory studies in psychology that positive and negative media reports 
and information exert a measurable effect on people’s self-reported symptoms, mood and perceived 
wellbeing in response to laboratory-synthesised infrasound emissions (Crichton 2013; Crichton 2014). 
Although these studies were based on relatively small sample sizes, and in both cases subjects were 
university students, this is unlikely to negate the overall finding that psychological expectations can 
influence perception of effects of laboratory-synthesised wind farm exposures on wellbeing. This is 
broadly consistent with the findings of Chapman 2013 where, in a historical analysis of public complaints 
about wind turbine installations, the authors found that 15 of the 18 wind farms (83%) which have seen 
complainants have experienced local opposition from anti-wind farm groups. Although this study relied 
on imprecise estimates of the exposed population(s), this would not be sufficient to negate the principal 
findings. 

Background noise may induce annoyance and also affect cognitive task performance in experimental 
settings. Ruotolo 2012 reported that audible wind farm noise was associated with annoyance and poorer 
performance when undertaking demanding cognitive tasks. However, the authors also found that 
annoyance was reduced when wind farm noise was accompanied by simulated video images of the wind 
farm. It is difficult to interpret the relevance of the findings to the present question but it seems likely 
that visual cues may be influential in certain noise-related effects and tends to support a psychogenic 
pathway.  

It is important to note that Ruotolo 2012, Crichton 2013 and Crichton 2014 are all experimental studies 
that used small numbers of university students as participants. It is unclear how generalisable these 
results are to a broader population, and also whether these laboratory findings would apply in real world 
situations. 

There has been very little research in community settings that helps to answer the question of whether 
wind turbine emissions could plausibly cause human health effects. Taylor 2013b reported the results of 
a cross-sectional noise and opinion survey among people living near micro wind turbine installations. 
Although this survey found an association between turbine noise and self-reported wellbeing and 
attitudes, the recruitment rate was extremely low (and this postal survey was likely subject to 
recruitment bias as well as retrospective/recall biases) and therefore its generalisability is questionable. 
Furthermore, being a cross-sectional study, the causality of relationships observed is difficult to 
determine. Kelley 1987 describes a method of gathering and organising opinion data about low 
frequency noises and for establishing thresholds of annoyance. Given that the published study included 
only seven participants, whose representativeness in relation to the general population was ill-defined, 
the specific thresholds reported in this paper are not considered likely to be a useful indicator of general 
community tolerance. This method could be applied to gauge community tolerance in a specific 
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community, but the published example is unlikely to be representative of communities exposed to wind 
farms in general so its applicability to the present question is limited.  

Taken as a whole, these studies of Mechanistic Evidence in humans did not find biological pathways by 
which wind turbine emissions might cause adverse health effects. However, they do indicate that wind 
turbine exposures may be associated with annoyance and that influences from the surrounding 
socio-cultural environment, such as media reports and local community attitudes, may influence how 
people perceive wind turbines and whether they attribute health effects to them.  

Parallel Evidence 

This section addresses the following question: 

Is there evidence from research into other circumstances of human exposure to physical 
emissions that wind turbines produce, that make it plausible that wind turbines cause 
adverse health effects? 

Experimental laboratory studies of exposure to low frequency noise in general have indicated that low 
frequency noise can affect annoyance, cognitive task performance, mood and sleep quality (Persson 
Waye 1997; Persson Waye 2001; Smith 2013). The remarks above in relation to the generalisability of 
experimental laboratory studies to broader populations and real world situations also apply to these 
studies. In addition, experimental exposures to synthesised low frequency noise (Persson Waye 1997; 
Persson Waye 2001) are unlikely to be equivalent with wind farm noise, and experimental exposure to 
simulated railway train pass vibration and noise (Smith 2013) would be expected to have very different 
characteristics. Therefore the applicability of this literature to the question of wind farm emissions is 
uncertain. 

Other experimental evidence suggests that exposure to negative media reports about EMF exposure 
associated with Wi-Fi can induce symptoms via a ‘nocebo’ effect (Witthoft 2013). In this study, subjects 
perceived symptoms, related worries about EMF and reported anxiety, even during sham exposure. They 
also reported that the effect appeared to be magnified by an anxious disposition. Although the 
experimental design had some limitations, the main finding remains credible and agrees broadly with the 
psychological experimental literature described above, which suggests that psychogenic effects may be 
induced by expectations. 

A cross-sectional survey of Taiwanese aerospace workers and noise exposure (Chao 2012) used 
echocardiography and audiometry to test the association between low frequency workplace noise and 
hearing loss and cardiac function. The authors concluded that hearing loss was greater for workers 
exposed to low frequency noise and that abnormality of left ventricular filling, as shown by an abnormal 
echocardiographic E/A ratio, was also higher in workers exposed to low frequency noise than that of the 
non-exposed control group. The study is of limited applicability because industrial noise exposure is most 
unlikely to be comparable to wind farm noise emissions. The generally poor scientific quality of this study 
also limits its value, e.g. selection of workers and how these were categorised into the three exposure 
groups was not described and potential confounders were not evaluated. In addition, the mechanism of 
how low frequency noise could affect left ventricular function is not clear from this study. 

In summary, the Parallel Evidence included here indicates that low frequency noise in general may be 
perceived to be annoying, and may influence mood and performance on cognitive tasks in experimental 
laboratory situations. Although the experimental studies of Persson Waye were not specific to residential 
exposure to wind farm low frequency noise, similar effects may be plausible for wind farm exposures, 
particularly given their general consistency with the findings of other studies (Chapman 2013; 
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Crichton 2013; Crichton 2014; Ruotolo 2012). It is therefore plausible that external influences, such as 
media reports, community attitudes and even landscape visibility characteristics, could influence 
annoyance and exert psychogenic effects on subjective perception of health outcomes among those who 
believe they are exposed.  

Evidence suggesting lower performance on demanding cognitive tasks in experimental laboratory 
settings is difficult to interpret; it is unclear if such effects, observable under experimental conditions, 
would also apply to real world settings. Given that the findings of reduced performance on cognitive 
tasks in laboratory settings tended to be accompanied by reports of annoyance and/or negative mood, it 
is possible that effects on performance are of psychogenic origin. 

Conclusions of studies of Background Evidence 

The Mechanistic studies do not provide reliable evidence that wind turbine emissions cause adverse 
health effects by biological pathways. However, they do indicate that exposure may be associated with 
annoyance, and that sociocultural factors, such as media and community attitudes, may influence 
people’s perception of wind turbines and whether they attribute adverse health effects to them. The 
Parallel Evidence suggests that in experimental laboratory situations, low frequency noise may be 
perceived to be annoying and may influence mood and the ability to perform cognitive tasks. These 
findings may be plausible for wind turbine exposures. However, as with Mechanistic Evidence, external 
influences, such as media reports, community attitudes and landscape visibility characteristics, may also 
influence annoyance and exert psychogenic effects on subjective perception of health outcomes among 
those who believe they are exposed.
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Table 2 – Characteristics of Included Studies (Background, Mechanistic and Parallel Evidence) 

Background Evidence 

Brinckerhoff 2011 Design Exposure Outcome  Limitations 

Shadow Flicker 
Aim 
To update the 
evidence base 
regarding shadow 
flicker effects by 
stakeholder 
consultation survey 
and a review of 
international 
guidance material 
and academic 
literature. Shadow 
flicker modelling 
methods were also 
reviewed. 

UK government report on shadow 
flicker including reviews of 
international guidance, and 
scientific literature, stakeholder 
survey and assessment of current 
methodologies used in the wind 
farm industry. 
 

Large onshore wind turbines 
(approximately 500 kW upwards).  

Stakeholder questionnaire survey 
results. Results of guidance and 
literature review. Results of 
review of shadow flicker 
modelling methods.  
Stakeholder questionnaires were 
completed by local planning 
authority (n = 17), developers and 
consultants (n = 14).  

Poor response rate: the industry 
questionnaire was sent out to 
178 company members on the 
mailing list of the industry 
association Renewable UK, only 
14 responses obtained. 
Representativeness of industry 
stakeholders unknown.  
Two respondents were owners of 
wind turbines, four respondents 
were operators, and one 
respondent was involved in 
technical operations. 
 

Results 
Review of other literature suggested that the health effects of shadow flicker show that light variations at frequencies below 2.5 Hz are unlikely to cause disturbances 
(generally wind turbine rotation frequency is 0.3-1 Hz). The report concluded that the frequency of shadow flickering associated with wind turbines is such that it should 
not cause a significant risk to health. Limited evidence suggests possible association between wind turbine flicker and epileptic seizures. In the UK, approximately 0.5% of 
the population suffers from epilepsy, and 3.5% to 5% of epileptics are susceptible to photosensitivity. However, the proportion of susceptible individuals (photo-sensitive 
epileptics who are specifically sensitive to low frequency flicker, i.e. 2.5 Hz to 3 Hz) is extremely small (less than 5% of photosensitive epileptics). The psychological and 
nuisance impact of shadow flicker does not constitute harassment, however under specific conditions of increased physical or mental demand and long-term exposure 
cumulative effects might meet criteria for significant nuisance. 
Stakeholder consultation indicated that shadow flicker has not been a widespread problem in the industry, yielding few complaints, generally resolved by implementing 
turbine shut down strategies. Mitigation measures which have been employed by operational wind farms, have proved very successful, to the extent that shadow flicker 
cannot be considered a major issue in the UK. Current pre-development site design measures to minimise shadow flicker also appear to have been successful. Current 
general recommendations to assess shadow flicker impacts within 130 degrees either side of north is considered acceptable, as is the 10 rotor diameter distance from the 
nearest property. However, the “one size fits all” approach may not be suitable at all latitudes. 
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Review of computer shadow flicker modelling programs used by developers to assess shadow flicker indicated that the different shadow flicker modelling programs used 
produce similar results and because of simplification inherent in the modelling process (such as not considering wind speed and cloud cover variations), computer 
modelling produces ‘worst case scenario’ results and real-world experience is generally likely to be less extreme. 
Quantitative measures are also specified in some guidelines stating that shadow flicker should not exceed 30 hours per year or 30 minutes a day. Responses to 
questionnaires show that developers view such guidelines as problematic due to latitudinal variations of impact and believe mitigation measures would be a better option 
in addressing the problem. The most common mitigation measures across countries are careful site design and turbine shut down periods. Other measures include blind 
installation, landscaping and vegetation screening. 
Conclusion 
Authors concluded “It is considered that the frequency of the flickering caused by the wind turbine rotation is such that it should not cause a significant risk to health.” 

 

Bockstael 2012 Design Exposure Outcome  Limitations 

Noise  
Aim 
To investigate the 
relationship between 
wind turbine noise 
annoyance and 
exposure indicators, 
operational 
characteristics and 
environmental 
variables. 

Field research at a wind turbine 
site in the Flemish part of Belgium 
over a six-month period. 
Environmental noise monitoring 
and resident’s annoyance survey.  
Wind turbine annoyance was 
investigated in relation to possible 
exposure indicators, operational 
characteristics and environmental 
variables. 
Three households provided 
periodic reports of experienced 
annoyance (five point scale from 
‘not at all’ to ‘extremely annoyed’) 
via a web application. Eight 
households were originally 
recruited via door-knocking. 
 

Three wind turbines rated at 
2 MW. Following previous 
complaints turbines were 
restricted to 600 kW during the 
night period (7pm–7am). 
Noise measurements were taken 
from two points in the back yard 
of one house approximately 
270 m from the closest wind 
turbine. 
Operational characteristics of the 
closest wind turbine (such as 
angular blade velocity, electricity 
production and wind speed at hub 
height) and meteorological data 
(such as temperature and relative 
humidity) were also observed. 
Participants were asked to report 
annoyance levels via a web 
application. 

 Participant reported annoyance. Limited number of participants in 
residents’ annoyance survey . 
Representativeness unclear.  
Likely recruitment bias.  
Periodicity/frequency of resident 
reports unclear. 
Likely reporting bias as one 
household only reported when 
they were annoyed and five 
non-respondents reported lack of 
annoyance as the reason for 
non-response. 
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Results 
552 reports of annoyance-level were provided by three of the recruited eight resident households over a four-month period. Three of the non-responders were telephone 
interviewed, one was not annoyed and the remaining two were annoyed from time to time but did not report it. Difference in noise sensitivity between responders and 
non-responders was not significant (p > 0.05, Fisher’s Exact Test). 
Predicted risk of annoyance was significantly related to blade velocity (p < 0.0001) and wind direction (p < 0.001). The risk of high annoyance increases with decreasing 
relative humidity (p < 0.001) from the air absorption effect on sound, a higher sound pressure level is expected with increasing humidity however is not consistent with 
observed decrease of annoyance, suggesting such an effect is not related to the propagation of sound but rather the weather. 
Annoyance was found to be associated with directionality, with higher annoyance determined by certain conditions of angular blade velocity together with wind direction. 
Conclusion  
Authors concluded that the current study confirms that annoyance due to wind turbine noise is complex and influenced by personal and contextual variables as well as 
noise production and propagation. The authors also recommend that because directionality plays a role in noise annoyance, more subtle steering protocols and 
operational restrictions based on wind direction and angular blade velocity might help to reduce noise annoyance without cost-effectiveness detriment.  
 
Doolan 2013  Design Exposure Outcome  Limitations 

Noise 
Zajamsek 2013a 
Zajamsek 2013b 
Zajamsek 2014 
Aim 
To describe a new 
methodology to 
record noise 
annoyance inside 
residences near wind 
farms (Doolan 2013). 
To present 
preliminary results 
from upgraded noise 
and annoyance 
recording systems 
(Zajamsek 2014). 

Noise surveys. 
The noise and annoyance 
monitoring system was placed in 
one house at a distance of 2.5 km 
(capacity 111 MW) from the wind 
farm for Doolan 2013 and 
Zajamsek 2013b. In the reports by 
Zajamsek 2013a and Zajamsek 
2014 the noise and annoyance 
monitoring were undertaken in 
two houses, one at 2.5 km 
(capacity 129 MW) and the second 
at 8 km from the same wind farm.  
Location: Waterloo Wind Farm, 
South Australia. 

In Doolan 2013 measurements of 
the A, Z (unweighted) and 
C-weighted sound level, and both 
the octave bands and narrowband 
format with a frequency 
resolution of 2 Hz, were recorded. 
Doolan only used one 
microphone; the later Zajamsek 
reports measure multiple 
locations simultaneously with an 
array of three and four 
microphones.  

Overall sound pressure level 
versus annoyance rating by the 
resident. Doolan 2013 used a 
ten-point annoyance scale.  
The later Zajamsek reports used 
only ‘Very Annoyed”, “Moderately 
Annoyed”, “Slightly Annoyed” and 
“Not Annoyed”. 

All four studies were small studies 
with only one or two houses and 
therefore only a handful of 
subjects reporting annoyance. 
The noise recording system 
cannot identify noise sources, 
however the resident 
self-reported characteristics of the 
noise and weather conditions.  
Studies did not have a weather 
station to track wind direction. 
Doolan 2013 did not have full 
information of on/off time of wind 
farm to compare with 
measurements. Doolan 2013 only 
monitored one microphone 
position at a time. 

 
014042



 

41 

Results 
Doolan 2013 reported that measurements showed an increase in the overall mean Z (unweighted) and C-weighted sound level with annoyance rating. However no 
increase was observed in the mean A-weighted sound level. Levels within the 10-30 Hz band were observed to increase with annoyance rating. 
Zajamsek 2013a reported all levels in the infrasonic and low-frequency region were well below the median hearing thresholds, and are thus unlikely to be audible. 
Zajamsek 2013b reported that the noise levels show some increase with annoyance, but there was also close correlation of noise with local wind speed. Narrowband 
spectral density analysis results indicated infrasonic “tones”, only when the resident was not annoyed and local wind speed was low. 
Zajamsek 2014 reported 14 figures of detailed results for Residence A and Residence B. During the measurement period at Residence A, 20 self-reported annoyance 
measurements were taken with three rated as “Very Annoyed”, six as “Moderately Annoyed”, seven as “Slightly Annoyed” and four as “Not Annoyed”. At Residence B, 
eight self-reported annoyance measurements were taken with one rated as “Very Annoyed”, two as “Moderately Annoyed”, two as “Slightly Annoyed” and three as “Not 
Annoyed”. 
Conclusion  
Doolan 2013 concluded: “that a test case, a home near a wind farm, was presented to demonstrate the use of the proposed technique. No link can be made between the 
noise data and the operation of the turbines; however, the data presented gives an insight into the type and level of noise experienced by residents and that they 
personally attribute to wind turbines. Additionally, significant level variation was detected in the noise signals; however, no trend with annoyance was observed.” 
Zajamsek 2013a concluded: “1. The Leq, 2 min is well correlated with local wind speed. 2. Noise levels in the infrasound and low-frequency bands are well below the 
ISO226-2003 median perception threshold, making them unlikely to be audible by a person with normal hearing. 3. Annoyance measurements do not directly correlate 
with the highest noise levels. 4. Some measurements show peaks in the infrasonic and low-frequency bands. In one case, these peaks appear to be revealed when local 
wind speed drops to a low value. 5. Without information concerning the operational state of the wind farm, the wind farm cannot be confirmed as the source of noise at 
low-frequency. 6. Since tonal components appear at very low and infrasound frequencies their direction of arrival could not be resolved by arrays whose low frequency 
limits were 50 Hz and 85 Hz respectively. According to the small data set collected in this preliminary study, no further conclusions can be drawn.”  
Zajamsek 2013b concluded: “1. The Leq, 2 min is well-correlated with the local wind speed. 2. Noise levels in the infrasound and low-frequency bands (below 50 Hz) are 
well below the ISO226-2003 median perception threshold, making them unlikely to be audible by a person with normal hearing. 3. Annoyance ratings do partially correlate 
with the high Leq, 2 min noise levels. 4. The resident was not annoyed when the local wind speed was low and its direction was scattered. 5. Some measurements show 
peaks in the infrasonic and low-frequency bands. In one case, these peaks are revealed when the local wind speed drops to a low value.”  
Zajamsek 2014 concluded: “The noise level measured in both homes was found to be controlled by local wind speed more than any other factor. The highest noise levels 
were measured in the low frequency and infrasonic range however the levels at these frequencies were below the median hearing threshold making them unlikely to be 
audible by a person with normal hearing. Annoyance was found to be related to noise level and local wind speed in the home located 2.5 km from the wind farm. 
However, at the home located 8 km from the wind farm, annoyance was not controlled by noise level. In this case, time of day seemed to be a more important factor. 
When the local wind speed was at a very low level, with correspondingly low background noise levels, tones at harmonics of the blade pass frequency were measured 
inside both homes. These tones were however below the threshold of hearing.” 
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EPA SA 2013 Design Exposure Outcome  Limitations 

Noise  
Aim 
To investigate the 
concerns of the 
community 
regarding noise from 
the Waterloo Wind 
Farm, South 
Australia. 

Report of a two-month 
investigation into the noise 
environment in an area where 
health concerns have been 
expressed by residents near a 
wind farm.  
Two main study components: 
(a) noise and weather monitoring 
and (b) community diary 
component. 
Commonalities between described 
noises amongst residents, specific 
environmental conditions that are 
related to disturbances, presence 
of low frequency and infrasound 
noise were explored across six 
residential sites.  
Report also reviewed current EPA 
wind farm noise guidelines. 
Location: Waterloo Wind Farm, 
South Australia. 
 
 

Situated atop a north–south ridge, 
and stretching for 18 km, the wind 
farm comprises 37 Vestas V90 
3 MW wind turbine generators 
(WTG), each having a hub-height 
of 80 m, with the entire site 
having a rated generation capacity 
111 MW.  
Noise and weather monitoring at 
six sites 1.3 km to 7.6 km from the 
wind farm in question. Community 
diaries were kept by volunteer 
residents in the local area. 
 

Noise and weather monitoring at 
six locations (houses) from 1.3 km 
to 7.6 km away from a wind farm. 

Audio noise and infrasound 
(0.25 Hz to 20 Hz) were 
monitored (indoor and 
outdoor) at two of the houses. 

Audio noise only (12.5 Hz to 
20 Hz) was monitored (indoor 
and outdoor) at three of the 
houses.  

Audio noise (12.5 Hz to 20 Hz) 
was measured (outdoor only) 
at one house. 

Six ten-minute shutdown periods 
took place in order to measure 
background noise levels.  
Operational and meteorological 
data were obtained from the wind 
farm operator.  
Weekly noise diaries were 
collected from residents; including 
information on perceived 
characteristics of noise, start time 
and end time. 

Monitoring program was focused 
on homes of residents who had 
expressed concerns about noise. 
Noise diary data provided by 
residents of monitored homes, 
along with two other volunteering 
neighbouring residents (total of six 
sites with analysis of diaries and 
noise levels in Appendix C to 
Appendix H). Diaries often 
disagreed. Responder bias likely 
but triangulation with measured 
data is a rational way to analyse 
the diary data. 
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Results 
Noise events attributable to the wind farm were periodically audible at four houses, but at very low levels, forming a minor component of the overall noise environment. 
No attributable noise events were found at the two remaining houses. Where detected, wind farm noise was within EPA noise guidelines for wind farms. 
Specific wind farm operating and weather conditions generated more low frequency noise, and this was consistent with noise diary data collected from the community. 
Noise diary data reported a ‘rumbling’ noise effect at certain times which respondents attributed to the wind farm, however investigators could only detect this effect on 
amplification and could not attribute it to wind farm operations and at times it coincided with wind farm shutdown periods. Typically the effect was recorded under 
downwind conditions when the local background noise was low, notably at low local wind speeds. Background noise resulting from local winds and other noise sources 
was shown to contribute to increases in low frequency noise that were comparable with, or higher than, contributions from the wind farm.  
A ’blade pass frequency‘ infrasound component was detected at levels significantly below the accepted audibility threshold (85 dB(G)) in the homes where infrasound was 
monitored. 
Low frequency noise characters found in this study would not normally be audible to typical listeners, however sensitive residents in this quiet environment may perceive 
it and this could cause annoyance to some people if exposed for prolonged periods. This type of noise was identified at three residences when audio recordings were 
amplified.  
Conclusion  
Authors concluded “Analysis of acoustic data and audio records measured at the township and east sites did not show evidence for noise that may have been associated 
with wind farm operations.… Noise impact from the wind farm, where detectable, was found to comply with the conditions of the development of approval and the 
baseline criterion of 40 dB(A).”  
 
Evans 2013 Design Exposure Outcome  Limitations 

Noise  
Aim 
To compare 
measured infrasound 
(noise at frequencies 
lower than 20 Hz) 
and low frequency 
noise (noise from 
frequencies of 10 Hz 
to 160 Hz) levels 
between the 
measurement stages 
and to relevant 

Noise monitoring survey in 
response to concerns raised by 
some community members. 
Indoor measurement of 
infrasound (< 20 Hz) and low 
frequency noise (10 Hz to 160 Hz) 
at two homes near a wind farm at 
pre-operational and operational 
time periods (1.8 km and 2.7 km 
from nearest turbine). 
Measurements of infrasound and 
low frequency noise were 

A wind farm of 140 x 3 MW WTG 
monitored during wind farm’s 
pre-operational phase (Sept 
2012), during full operation 
(March-April 2013) and at an 
intermediate time when 105 out 
of 140 WTGs were operational 
(Nov-Dec 2012). 
Infrasound and low frequency 
noise levels at three operating 
conditions: 

No WTGs operating 

Differences in infrasound and low 
frequency noise measurements 
compared during the three time 
periods described.  
 
 
 
  
 
 
 

Two homes near the wind farm 
were monitored. Rationale for 
selection of these dwellings was 
not described in detail and 
recruitment of home owners was 
not described, however the 
rationale for the survey was that it 
was in response to concerns 
raised by some community 
members, therefore presumably 
the two sites were homes of 
concerned residents. 
Possible bias in selection of 
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assessment criteria. compared with relevant Australian 
noise guidelines. 
Location: Macarthur Wind Farm, 
Victoria. 

105 operating WTGs 
140 operating WTGs 

Noise measurements included: 
Infrasound assessment 
Low frequency noise 
Linear sound pressure 
measurements 

monitoring sites. 

Results 
No differences in infrasound levels at both residences were observed during the differing measurement periods (taking into account variables such as wind direction), with 
almost all results below 85 dB(G) assessment criteria.  
Low frequency noise measurements showed an increase in noise levels at 63 Hz and above during the operational stages (105 WTGs and 140 WTGs) at one of the 
residences. Of these increases seven ten-minute periods out of 23 nights of monitoring exceeded the criteria, although this was likely to be influenced by local wind noise.  
Conclusion 
Authors concluded “Overall, this assessment has demonstrated that infrasound and low frequency noise levels from [the wind farm] are compliant with relevant 
assessment criteria at the two nearby residences. No change in infrasound levels was identified relative to the pre-operational monitoring. An increase in low frequency 
noise levels at frequencies of 63 Hz and above was measured at each of the residences for particular conditions and may be a result of noise from [the wind farm]”. 
 
Møller 2011  Design Exposure Outcome  Limitations 

Noise  
Aim 
To describe the 
spectrum of noise 
associated with large 
wind turbines and in 
particular the role of 
low frequency sound 
and infrasound.  
As stated in the 
Introduction, “…the 
hypothesis that the 
spectrum moves 
toward lower 

Accoustical noise survey 
conducted in Denmark. Noise 
spectrum assessment of wind 
turbines of different sizes. 
Differences in noise emissions of 
48 small and large wind turbines 
were analysed.  
A measurement of low frequency 
sound insulation to exterior sound 
across ten rooms in typical houses 
was also undertaken to assess the 
penetration of wind turbine noise. 

Noise data from 48 WTGs were 
included. Noise from four large 
prototype turbines (> 2 MW) was 
measured. The effect of wind 
speed on noise was also 
measured. Previously collected 
noise measurement data from 
seven other similarly large 
turbines and 37 smaller turbines 
(< 2 MW) were obtained from the 
Danish EPA. All turbines were 
three-blade WTGs with the rotor 
to the upwind side of the tower.  

Estimation of indoor sound 
penetration of homes in the 
vicinity of WTGs was made by 
discounting outdoor sound 
pressure levels to take into 
account the attenuation of noise 
by the house structure. 
 

Problems with background noise 
limited the sound insulation 
evaluation of indoor spaces and 
the resultant statistical model was 
based on fewer measurements 
than planned. 
Assessment of indoor sound 
insulation method was focused on 
house façades and did not include 
noise exposure via other noise 
paths (e.g. roof, back of house 
etc.) which would be exposed to 
WTG noise, especially relevant for 
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frequencies for 
increasing turbine 
size is investigated.” 

Low-frequency noise penetration 
into indoor spaces was modelled 
based on sound insulation 
evaluation of ten rooms in 
five average Danish houses which 
were exposed to artificial noise via 
an outdoor loudspeaker.  

low frequency sound. 
Assumptions made in the outdoor 
free-field sound pressure level 
calculations that could lead to 
highly variable low frequency 
sound predictions. 
Modelling assumes house 
windows closed, which limits 
generalisability to warmer 
climates. 
Assumptions in models may not 
apply in all atmospheric conditions 
(e.g. when there is a temperature 
inversion or low-level jets). 

Results 
Large wind turbines emitted more low frequency noise (2.3-3.6 MW) than small turbines (≤2 MW), which was statistically significant. The difference equates to a one-third 
octave difference in noise pitch of large vs small turbines. Therefore, as turbines become larger it is expected that more low frequency sound will be generated by wind 
turbine installations. 
Due to air absorption, low frequency noise becomes more pronounced when outdoor sound pressure levels are taken into account (higher frequency sound is absorbed 
more than low frequencies). Indoor low frequency noise levels are influenced by sound insulation in the measured room, position of a room and turbine characteristics. 
Infrasound emitted by WTGs was found to be well below the threshold of hearing, even in immediate vicinity of WTGs where infrasound is imperceptible. 
The minimum distance at which noise levels comply with a 35 dBA limit varies considerably between the large turbines, even when the turbines are relatively equal in size 
(2.3 MW to 3.6 MW). The distance varies from slightly over 600 m to more than 1200 m. It was found that the noise from WTG increases with wind speed, but levels out or 
even decreases above 7–8 m/sec. 
Conclusion 
Authors concluded that the spectrum of wind turbine noise moves down in frequency with increasing turbine size. The relative amount of low frequency noise is greater 
for large WTGs (2.3 MW to 3.6 MW) than for smaller WTGs (< 2 MW). Because distance attenuates higher frequencies more readily, low frequencies are more pronounced 
outdoors over distances relevant to neighbouring houses. Therefore the low frequency part of the spectrum plays an important role in the noise at nearby dwellings. The 
authors state that the turbines do emit infrasound (sound below 20 Hz), but levels are low when human sensitivity to these frequencies is accounted for. Even close to the 
turbines, the infrasonic sound pressure level is much below the normal hearing threshold, and infrasound is thus not considered as a problem with turbines of the 
investigated size and construction. The authors regard infrasound from WTGs of the kind investigated not to be problematic because the sound pressure levels of 
infrasound renders it imperceptible, even at close range. Under certain atmospheric conditions WTG noise may be more annoying, however more research is needed into 
this hypothesis. 
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van Renterghem 
2013 

Design Exposure Outcome  Limitations 

Noise  
Aim  
(Not explicit in 
paper.) A listening 
experiment 
investigating 
annoyance, 
recognition and 
detection of WTG 
noise. 
 

Investigated annoyance, 
recognition and detection of wind 
turbine noise through a listening 
experiment in which 
50 participants with normal 
hearing ability were exposed to 
differing noise recordings. 
Noise recordings included an 
operating wind turbine, highway 
noise, local traffic noise and mixed 
recordings (i.e. wind turbine noise 
with local traffic noise).  
 

Part 1 involved samples being 
played during a quiet leisure 
activity. 
Part 2 asked participants to 
identify the sample containing 
wind turbine noise in a paired 
comparison test. 
Participants were asked to rate 
their annoyance levels for the 
differing noise exposure and to 
identify the types of noise they 
believe were included in the 
recordings (blinded to the purpose 
of the study during these 
measurements).  
Participants were then exposed to 
the mixed recording and asked to 
detect the wind turbine sound.  
Sound recordings of a 1.8 MW 
wind turbine operating at 22 rpm, 
highway noise and local road 
traffic noise (unmixed and mixed).  
Recordings were adjusted to LAeq 
40 dB(A) to simulate indoor sound 
pressure levels.  

Participants were asked to rate 
their annoyance after exposure to 
six audio recordings at 7.5 minutes 
each.  
Recognition responses to the six 
recordings and detection 
responses to the mixed recordings 
(wind turbine noise with other 
noise). 
A short questionnaire assessed 
participant attitude in relation to 
renewable energy. 
 
  
 
 

Measuring annoyance levels using 
a short exposure time 
(7.5 minutes per recording) may 
not provide a clear indication of 
the prolonged exposure that 
residents experience.  
Small and non-representative 
sample and the selection of 
participants was not described. 
The test group could be 
categorised as having a positive to 
neutral attitude in relation to 
renewable energy. 

Results  
Under the conditions of Part 1, pure wind turbine noise gave very similar annoyance rating as unmixed highway noise at the same equivalent level, while annoyance by 
local traffic noise was significantly higher. 
The detection limit of wind turbine noise in the presence of highway noise was estimated to be as low as a signal to noise ratio of -23 dBA. The larger the signal-to-noise 
ratio, the larger the fraction of the participants that were able to identify the sample containing the wind turbine noise. When mixed with local road traffic, such a 
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detection limit could not be determined. The findings support that noticing the sound could be an important aspect of wind turbine annoyance at the low equivalent levels 
typically observed indoors in practice.  
Participants recorded a similar annoyance level between highway noise only and pure wind turbine noise. Significant differences were observed between the annoyance 
ratings to local road traffic compared with wind turbine noise and highway noise, with local road traffic annoyance levels the highest.  
Conclusion 
Authors concluded that this experiment supports previous observations that retrospective annoyance for WTG noise is greater than for highway noise at an equivalent 
noise level and that this difference is mediated by higher perception of noise level, emotional and/or cognitive processes. It was also found that traffic noise and WTG 
noise were perceived similarly when the noise source was not known beforehand, however in focused listening, WTG noise is sufficiently distinctive to allow detection 
even at low signal-to-noise ratios. Therefore, the authors concluded that focusing, triggered by more general knowledge of the presence of wind turbines, could increase 
annoyance. Some individuals were shown to recognise more readily WTG noise, even if its presence was not revealed beforehand.  
 
Schiff 2013 Design Exposure Outcome  Limitations 

Noise  
Aim  
To increase the 
understanding of 
potential noise 
issues related to 
industrial wind 
turbine operation in 
New York State, by 
examining the 
outcome of a recent 
wind project. 

Environmental noise survey of five 
sites, 219 m to 663 m from 
operating 1.5 MW WTGs in a large 
wind farm project and two control 
sites (> 4.6 km removed).  
Each site was monitored for four 
days in summer, winter and 
autumn.  
Infrasound and low-frequency 
sound were also evaluated, wind 
conditions permitting. 

Wind farm of 84, 1.5 MW WTGs.  
Outdoor noise measured on rural 
residential land parcels as far from 
buildings and roads as practicable 
within the selected land parcel. In 
some cases this resulted in 
monitoring location being closer 
to the nearest WTG than the 
dwelling on the land parcel in 
question.  
Meteorological data (weather, 
wind speed, wind direction, and 
temperature) were logged over 
concurrent periods at one of the 
central receptor locations. 

n/a, environmental noise survey. Only five measurement locations.  
One control site’s data were 
discarded for summer and autumn 
monitoring campaigns. Therefore 
only winter monitoring had both 
control locations. 
Selection of residences for 
monitoring was not described. 
Justification of the 4.6 km distance 
for control residences was not 
provided. 
Indoor monitoring was not 
undertaken. Siting of outdoor 
monitoring (away from dwellings, 
sometimes closer to WTG than 
dwelling) may not accurately 
represent real human exposure.  
Sizes of land parcels in question 
were not defined, therefore the 
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distances involved were not clear. 
Results 
Certain monitoring locations may have slightly exceeded 50 dBA, the local limit for wind turbine noise, though the assumed conditions associated with the standard may 
not have been exactly replicated in the study. 
Measured results were within +/- 2 dB of a pre-development study model on an overall long-term basis, though individual measurements in the study were as high as 
+/- 5 dB of pre-development model. This would indicate that noise exposure could vary by up to 5 dB compared to model estimates. 
Noise exposure was consistent between the autumn and winter campaigns, but overall A-weighted and low frequency noise was slightly lower during the summer 
campaign, suggesting that sound propagation differs depending on the season. 
Conclusion  
Authors concluded “measured sound levels at most locations exceeded the corresponding background location sound level by substantial and audible margins especially in 
moderate to high winds.” Measured ground level wind speed tended to be marginally lower than that extrapolated from the 10 m wind mast, indicating that ground-level 
masking of turbine noise may sometimes be less than expected. Certain monitor locations may have slightly exceeded the 50 dBA local limit for wind power noise at the 
residence building itself. Measured background noise at an individual site was up to 5 dB lower than the pre-development survey, which amalgamated six different sites 
into one data set. Finally, the measured results were within a ± 2 dB margin of the pre-development study model on an overall long term basis, but for each individual 
measurement campaign this margin was as high as ± 5 dB.  
 
Qibai 2004 Design Exposure Outcome  Limitations 

Infrasound  
Aim 
To study the 
physiological and 
psychological effects 
of infrasound on 
persons. 

Laboratory study. The 
physiological and psychological 
impact of exposure to infrasound 
was measured in ten university 
students (four female, four male; 
aged 22-28).  

Ten participants were split into 
two exposure groups (A & B) with 
two females and three males per 
group.  
Group A was exposed to 
infrasound of 4.10 Hz at 120 dB 
for one hour and Group B was 
exposed to 2.14 Hz at 110 dB for 
one hour.  

Blood pressure and heart rate 
were measured three times at 
two-minute intervals before 
exposure and after one hour of 
exposure.  
Subjective feelings and reactions 
were measured using a short 
questionnaire after exposure.  

Small sample drawn from 
university student population 
which is not representative of the 
general population. 
Representativeness and 
generalisability questionable. 
Lack of baseline or pre-exposure 
questionnaire. 
Lack of a validated questionnaire 
instrument. 

 
014050



 

49 

Results 
No results which provide information about exposure to WTG outputs.  
Physiological and psychological effects of infrasound appeared as changes in heart rate, blood pressure and subjective reactions. All participants reported feeling 
uncomfortable during exposure. Eight of the ten participants compared the feeling during exposure to travelling in a vehicle or train and nine of ten reported pressure in 
the ears. For all participants from Group A and B, at least one change of more than 10% was observed in at least one measurement (systolic pressure, diastolic pressure, 
heart rate). Group A showed an increase in systolic and diastolic pressure in four of the five participants. Heart rate also increased for four of the five participants, with one 
participant showing no change. Group B showed an increase in systolic and diastolic pressure for all participants. Heart rate also increased for four of the five participants. 
No major differences were observed between the two exposure groups. 
Conclusion 
Authors concluded “Different individuals have different responses to infrasound and the change ratio of blood pressure and heart rate are also different. By comparing 
physiological and psychological effects of infrasound on persons in two different infrasound conditions, we find that there are not obvious differences.”  
No conclusions relevant to exposure to WTGs. 
 
Styles 2005 Design Exposure Outcome  Limitations 

Infrasound  
Aim 
To identify the 
characteristic frequencies 
and mode of propagation 
of seismic vibrations from 
wind turbines and develop 
a model for the integrated 
seismic vibration at the 
Eskdalemuir seismological 
array facility which will be 
created by any distribution 
of wind farms. 

Measurement of seismic 
and infrasound disturbances 
in vicinity of several Scottish 
wind farms in order to 
model and estimate the 
likely impact of a proposed 
large wind farm on the 
nearby British Geological 
Survey (BGS) seismological 
array. 

Measurements were made by 
sensitive seismometers at 100 m, 
50 m and 20 m. LFN was 
measured with digital 
seismographs with a bandwidth of 
0.2 Hz to 64 Hz and acoustic noise 
was measured around a wind 
turbine. 

To what extent would proposed 
wind farms be expected to 
transmit vibration into the ground 
such that would interrupt the 
operations of the nearby 
seismological array. 

No limitations, other than possible 
uncertainty over applicability to 
other locations.  

Results 
The researchers were able to detect low-frequency sound waves at considerable distances away from a wind farm under the right atmospheric conditions with highly 
sensitive seismometers.  
The authors recommended exclusion distances around nearby BGS seismological array based on the probability of interference from the transmission of vibration from 
wind turbines to the ground. The vibration levels about which this study was concerned were below the limit of human sensation because this study was not concerned 
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with human effects, but with possible effects on the highly sensitive Eskdalemuir seismological array used by the British Ministry of Defence for international detection of 
nuclear test explosions. 
Conclusion 
Authors concluded “By considering the present ambient background experienced at the monitoring site it has been possible to set a noise budget which is permissible at 
Eskdalemuir without compromising its detection capabilities. … [the measurements] have demonstrated that at least 1.6 GW of planned capacity can be installed and have 
developed software tools which allow the Ministry of Defence and planners to assess what further capacity can be developed against criteria established by this study”. 
 
Tickell 2012 Design Exposure Outcome  Limitations 

Infrasound 
Aim 
To review recent 
papers describing 
low-frequency, 
infrasound and 
amplitude-
modulation noise 
from wind turbines, 
and whether 
low-frequency and 
infrasound from 
wind farms is a real 
measureable issue.  

A narrative review of recent 
publications. 

No noise measurements collected. 
Sound levels reported from 
various reviewed studies. 

For low frequency noise from 
wind turbines, a comparison of 
findings from published studies. 
For modulation sound levels from 
wind turbines, sound levels at 
different distances from five wind 
turbines from a study by Miyazaki 
2011.  

Non-systematic review, 
completeness of coverage and 
representativeness of cited papers 
is questionable. 
 

Results 
Figure 1: Comparison of low frequency hearing thresholds with Wind Turbine Sound Levels at low frequencies from five studies. The figure showed that for the frequency 
range below 25 Hz, which includes the infrasonic range, the sound levels from the five wind turbines were less than the threshold of hearing – for frequencies less than 20 
Hz, this difference was at least 10 dB and increased with reducing frequency. The measurement distances ranged from 44 m to 77 m. Figure 2: Sound levels of reference 
distances from five wind turbines from a study published in 1990, showed that the rotor trailing edge was a source of high noise emission. Figure 3: Results of predicted 
sound levels at increasing distances from a 2.5 MW wind turbine, for overall sound levels and modulation depth, indicating that while the overall sound pressure level 
decreased with distance, the modulation depth was consistent with distance. 
Conclusion  
Author agreed with findings of a reference that an objective external sound level for residential receivers should be 60 dB(C) for night-time. Author suggested that amp-
litude modulation should be considered as an addition to predicted overall sound level at receiver locations for comparisons with environmental noise quality objectives. 

 
014052



 

51 

 
Turnbull 2012 Design Exposure Outcome  Limitations 

Infrasound  
Aim 
Reports a new 
acoustical 
methodology for 
measuring 
infrasound. 

Methodological evaluation of a 
monitoring method for infrasound 
(specifically a means of minimising 
influence of wind on microphone). 
Measurements within a test 
chamber below the ground 
surface were used to compare 
infrasound at two South 
Australian wind farms (Clements 
Gap Wind Farm and Cape 
Bridgewater Wind Farm) and in 
the vicinity of a beach, coastal 
cliff, city and power station, using 
the same measurement 
methodology. 

Infrasound from wind farms and 
other sources. Environmental 
noise measured against the 
infrasound audibility threshold 
limit of 85 dB(G). 

Measured levels of infrasound 
from wind turbines and other 
natural sources. 

Modelling is lacking. All 
measurements reported in Table 2 
for various sources are at different 
distances, making comparisons 
unclear. Limited reporting of 
variations in infrasound levels due 
to different atmospheric 
conditions.  
 

Results 
Infrasound levels inside the underground chamber were the same as those of the signal generator.  
Levels of infrasound were similar at a beach, in the vicinity of a coastal cliff and close to wind turbines. The proposed measurement method used in the study illustrates 
that the infrasound generated from wind turbines is well below the audibility threshold level. The reduction of signal strength during transmission of 6 dB per ‘doubling 
distance’ from a turbine was adequately demonstrated. The infrasound noise level generated by wind turbines is similar to urban and costal environments and other 
engineered noise sources. 
The measured levels of infrasound from the wind turbines and all other natural and engineered sources were well below the 85 dB(G) threshold of audibility. The 
measured levels included a significant contribution of infrasound from the wind farm at 100 m, but at a distance of 200 m from the wind farm the infrasound from the 
other sources was at similar levels, e.g. 74 dB(G) at 350 m from a gas-fired power station and 63 dB(G) at 200 m from the Cape Bridgewater Wind Farm.  
Conclusion 
Authors concluded “The measured level of infrasound within the wind farms is well below the audibility threshold and similar to that of urban and coastal environments 
and near other engineered noise sources… The method shows that for wind turbines, the level of infrasound is well below the audibility threshold of 85 dB(G). An 
attenuation rate of 6 dB per doubling of distance from a single turbine. Infrasound is prevalent in urban and coastal environments at similar levels to the level of 
infrasound measured close to a wind turbine”. 
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Walker 2012 Design Exposure Outcome  Limitations 

Infrasound  
Schomer 2013 
Aim 
To present 
information from an 
investigation of 
infrasound and low 
frequency noise 
performed at Shirley 
wind farm in Brown 
county Wisconsin in 
December 2012. 
Schomer 2013 To 
propose the 
hypothesis that very 
low frequency wind 
turbine noise 
emissions may 
induce motion 
sickness in 
susceptible persons, 
as the same inner 
ear organs may be 
central to both 
conditions. 

An environmental noise 
monitoring survey undertaken for 
litigation purposes. Symptoms 
were also collected and this was 
cross-sectional. 
Low frequency noise (LFN) and 
infrasound measurements at 
three residences (indoor and 
outdoor) in varying proximity to 
wind turbines (0.3 km to 2.1 km).  
Data were collected by five 
investigators from four firms of 
consultants. 
Schomer 2013 A survey among 50 
(of 275) people residing within 
5000 feet of the closest wind farm 
in Shirley, Wisconsin who 
described adverse effects after 
introduction of the wind turbines. 
Selection criteria further restricted 
to a sub-subset of two (out of five) 
people exhibiting motion sickness 
symptoms who meet the following 
criteria: i) about half or more of 
their symptoms must be motion 
sickness symptoms; ii) the overall 
symptoms must be severe enough 
that the people abandon their 
homes (or equivalent); iii) the 
motion sickness symptoms must 
include nausea; and iv) the motion 
sickness symptoms must play a 

Wind farm consisting of eight 
wind turbines. Measurements 
made at three homes abandoned 
by owners due to health 
complaints attributed WTG health 
effects. 
Primary measurements were 
made at the three abandoned 
residences on consecutive days by 
four consulting firms. 
Sound pressure was measured 
using a custom designed multi- 
channel data acquisition system in 
the time domain at a sampling 
rate of 4000/sec where all signals 
were collected under the same 
clock. 
At each residence, a multi- 
channel recorder was connected 
to an outside wind-speed 
anemometer and a microphone; 
others channels of the recorder 
were connected to microphones 
inside each residence that were 
situated in various rooms 
including basements, living or 
great rooms, office or study, 
kitchens and bedrooms 
(observations were based upon 
coherence calculations for indoor 
and outdoor microphones). 
Data collected at Residence 2 

Indoor and outdoor sound 
pressure measurements and 
spectral data were taken at three 
unoccupied homes near wind 
turbines in a Wisconsin wind farm. 
Investigators’ observations of 
perceived low frequency noise 
and infrasound at the test 
locations. 
Investigators’ observations of any 
health effects (own) during and 
after the 3-4 day monitoring 
periods. 
Detection of infrasonic pressure 
modulations from the wind 
turbine to the residence.  
Reports on any health issues 
experienced by neighbours 
(nausea, dizziness and headache). 

Focused on a single wind farm 
with a history of high levels of 
community dissatisfaction and 
complaint. Measurements taken 
from homes which were 
abandoned because of concerns 
or complaints attributed to WTGs. 
No measurements of occupied 
homes. 
The decision was made not to 
measure acoustic data at a control 
home far away from the wind 
farm site, despite its intention in 
the original survey design.   
Emphasis on the consultants’ 
self-reported perception of noise 
and health symptoms during the 
period of monitoring. Limited due 
to small sample size and lack of 
blinding. 
Schomer 2013 Small sample size 
and lack of blinding.  
Unlikely to be representative and 
response and recall biases likely. 
Recruitment rate low and likely 
subject to recruitment bias.  
Noise data from only one 
residence were used in the 
analyses, as that residence was 
“tested during a time when 
significant power was being 
generated”, whereas the wind 

 
014054



 

53 

prominent role in the subject’s 
overall response to wind turbine 
noise. 
(The following reported effects 
were tested: whether effects were 
similar from one space to another, 
were independent of the rotor, 
and were not related to audible 
sound.)  

were measured with 58% of 
turbine power, but < 58% during 
measurement periods at 
Residence 1 and Residence 3 (so 
only data from Residence 2 was 
used). 
Neighbour reports and 
physiological effects including 
nausea, dizziness and headache 
were documented. 

turbine operator “was not 
generating much power during the 
measurements” at the other two 
residences. 
Much of report is speculative in 
nature, discussing hypotheses and 
possible mechanisms. 

Results 
Walker 2012 Infrasound attributable to WTGs was detected above background at the residence closest to the nearest turbine.  
One of the investigators (R Rand) incurred symptoms during the survey and on this basis, suggested that nauseogenicity is a factor at Shirley. The other four investigators 
did not report any symptoms. Infrasound was measured at very low frequencies (0.7 Hz) but was inaudible. 
Schomer 2013 Most residents do not hear WTG sound and annoyance reportedly not present. Physical symptoms reported similar to motion sickness among some 
respondents (10%).  
Conclusion 
Walker 2012 concluded that analysis of measurements showed that only very low frequencies are detectable throughout the houses and that they are related to the blade 
passing frequency of the nearby wind turbines.  
Schomer 2013 concluded that respondents reporting symptoms of motion sickness (apparently without noise annoyance) also report susceptibility to motion sickness. 
Therefore, the authors concluded that sensitivity to motion sickness and sensitivity to WTG emissions are likely related among a small fraction of those exposed. 
 
Maschke 2007 Design Exposure Outcome  Limitations 

Annoyance 
Aim 
Using data from the 
LARES survey, 
neighbour noise 
annoyance was 
surveyed as an 
adverse housing 
condition and its 

Analysis of cross-sectional survey 
data from a WHO European 
housing and health survey (LARES 
Survey). 
LARES collected data in eight 
European cities to evaluate the 
effects of housing conditions on 
health.  

Noise exposure not measured; 
‘noise annoyance’ rather than 
actual noise was the independent 
variable of interest and this was 
collected by questionnaire. 
Neighbour noise was assessed by 
four items: neighbour flat noise; 
stairwell noise; children playing in 

Housing and neighbourhood 
satisfaction were collected by 
questionnaire completed by one 
household member. Health data 
were collected by questionnaire 
from each household member. 
Self-reported medical diagnoses of 
hypertension, depression and 

Cross-sectional design limits ability 
to determine causality. 
Reverse-causality is plausible. 
Dependent and independent 
variable data both self-reported. 
Over-reporting of health effects by 
noise-annoyed respondents would 
lead to over-estimation of risk 
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relation to reported 
medically diagnosed 
illnesses was 
evaluated. 

The present paper reports analysis 
of self-reported annoyance from 
neighbour noise over the previous 
12 months and self-report of 
15 different health conditions over 
the previous 12 months. 

building; noises within dwelling. 
Total score was categorised as no 
annoyance, moderate, severe. 

migraine. 
 

estimates. 
Reverse causality is also possible if 
poor health is associated with 
poorer noise tolerance and/or 
higher duration of exposure as a 
result of increased time at home.  
Unclear how health data were 
collected for children but likely by 
proxy which would be subject to 
proxy response bias, particularly 
problematic if the proxy 
respondents were also 
respondents in their own right, 
which seems likely. 

Results 
For adults, a dose-effect relationship was observed between annoyance induced by neighbours and self-reported hypertension (p = 0.007). The p-value following 
adjustment for risk factors was 0.018. Self-reported depression was greater with higher annoyance by neighbour noise, suggesting a dose response relationship (p = 0.005; 
p = 0.041 adjusted for socio-economic state, risk factors, general environment and housing factors). Self-reported migraine was also higher (p = 0.001; p = 0.022 adjusted 
for risk factors, general environment and housing factors). A significant increased risk of self-reported arthritis was recorded for elderly people who indicated moderate 
chronic annoyance by neighbour noise, but this trend was not significant for severe neighbour noise annoyance. Increased risk of reported bronchitis in children was 
associated with chronic noise annoyance (p = 0.002; p = 0.004 following adjustment for socio-economic state).  
Conclusion 
Authors concluded: “The results of the survey confirmed the thesis that neighbour noise effects health via long lasting severe annoyance. Neighbour noise induced 
annoyance is therefore a highly underestimated risk factor for healthy housing.” Authors recommended that chronic severe annoyance induced by neighbour noise be 
classified as a serious health risk for adults. Likewise, the authors recommended that children be classified as a risk group. Epidemiological confirmation is needed of 
neighbour noise affecting health via long lasting severe annoyance, for both cardiovascular and respiratory symptoms.  
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McCallum 2014 Design Exposure Outcome  Limitations 

Electromagnetic Field (EMF) 
Aim 
To characterise EMF 
in the vicinity of an 
active wind farm in 
Ontario, to address 
the heightened 
anxiety by some 
around 
electromagnetic 
field, wind turbines 
and human health. 

Environmental monitoring survey 
of EMF in vicinity of wind turbines. 
 

EMF measured in the proximity of 
15 vestas 1.8 MW wind turbines, 
two substations, both buried and 
overhead collector and 
transmission lines and nearby 
homes.  

EMF measurements were 
collected under three operational 
scenarios to characterise potential 
EMF exposure. 
Operational scenarios were high 
wind (generating power), low 
wind (drawing power from the 
grid but not generating power) 
and shut off (not generating 
power).  

Static monitoring rather than 
personal monitoring may not 
reflect actual personal exposure. 
 
 
 
 

Results  
Limited levels of EMF measured around the wind farm suggested that human exposure to EMF from wind turbines is insignificant in comparison to common household 
exposures. 

Location of exposure  mG 
Background levels of EMF (shut off scenario) 0.2 mG to 0.3 mG 
*Base of turbines (at high wind and low wind) mean = 0.9 mG; n = 11 
Buried collector lines (1 m above) ≤ 0.3 mG 

Beneath overhead transmission lines  16.5 mG and 46 mG 
**Nearby homes (outside – 500 m away) ≤ 0.4mG 

* all diminished with distance  ** sources did not appear to influence level 
EMF exposure was not unique to the wind farm, exposure was lower than common electrical devices (common household items) and was below human health regulatory 
guidelines.  
Conclusion 
Authors concluded “The results suggest that there is nothing unique to wind farms with respect to EMF exposure. Magnetic field levels in the vicinity of wind turbines were 
lower than those produced by many common household electrical devices and well below any existing regulatory guidelines with respect to human health”. 
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Mechanistic Evidence  

Chapman 2013 Design Exposure Outcome  Limitations 

Mechanistic Evidence 
Aim 
To test four 
hypotheses relevant 
to psychogenic 
explanations of the 
variable timing and 
distribution of health 
and noise complaints 
about wind farms 
(WF) in Australia.  
 

Historical audit. 
Information on the 
commencement of turbine 
operation, number of turbines 
operating, average turbine size 
and the megawatt (MW) capacity 
of each wind farm was located 
from public sources, such as wind 
farm websites. 
Information about complainants, 
including date first complaint 
occurred, adverse effects on 
health and sleep or annoyance of 
turbine sound among residents in 
the vicinity of operating wind 
farms, and occurrence of anti-WF 
activity in the local area were 
requested from the wind farm 
owners. 
Additional information was 
collected from:  
1. Submissions made to three 
government enquiries on wind 
farms. 
2. Daily media monitoring records 
supplied to the Clean Energy 
Council by a commercial 
monitoring company from August 
2011 to January 2013. 
3. Personal correspondence to the 

Companies provided estimates of 
the number of residents currently 
living within 5 km of each wind 
farm – either estimates of the 
number of individuals or the 
number of houses. 

Proportion of WFs with 
complaints. 
Proportion of residents in vicinity 
of operating WFs who 
complained. 
Proportion of WFs with a history 
of complaints consistent with 
claims that turbines cause acute 
effects. 
Date/Period of first complaints. 

Population estimates included 
children, who would be unlikely to 
complain to a regulatory body 
regarding wind farms.  
The primary source of information 
on complaints was from the WF 
operators. Estimates of resident 
numbers relied in some cases on 
estimates made using Google 
Earth images and so precise 
numbers of residents living within 
the 5 km boundary were not 
available. 
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authors about complainants who 
had complained via a legal case. 

Results  
1. Hypothesis 1 – Many WFs would have no history of complaints: 33 of 51 WFs (18/34 of larger wind farms and 15/17 of small farms), with an estimated 21,633 residents 
living within 5 km of turbines, and had operated for a cumulative total of 267 years, had never been subject to health or noise complaints. Small total capacity farms were 
less likely to have complainants (88% vs 53%, χ2 = 6.18, 1df, p = 0.013). 18 WFs (35.3%) received at least one complaint since operation started, 16 of which were larger WF 
(≥ 10 MW). Distribution of WFs which have ever received complaints is highly variable across Australia (there have been no complaints in TAS or WA). 
2. Hypothesis 2 – There would be a small proportion of complaining residents: 129 out of 32,789 individuals residing within 5 km of WFs complained about noise or health 
effects. 94 (of 129) were from residents living near 6 WFs. 124 (of 129) represented 1 in 100 of the surrounding 12,366 residents living near large WFs (> 1 MW). 
3. Hypothesis 3 – Few WFs would have any history of complaints consistent with claims that turbines cause acute effects: six WFs saw complaints commence at times 
ranging from two months to 13.5 years after turbine operation. 12 WFs had either on-going complaints continue from before the WFs commenced operation or within the 
first month. 
4. Hypothesis 4 – Most complaints would date from 2009 or later, when anti-WF groups began to publicise alleged health effects. 69% of WFs began operating prior to 
2009, 90% of complaints were received after this date. 15 of 18 WFs (83%) that have seen complainants have experienced local opposition from anti-WF groups. 
Conclusion  
Authors concluded “the historical and geographical variations in complaints are consistent with psychogenic hypotheses that expressed health problems are 
communicated diseases with nocebo effects likely to play an important role in the aetiology of complaints”. 

 
Crichton 2014 Design Exposure Outcome  Limitations 

Mechanistic Evidence 
Aim 
To test the following 
hypotheses: (a) that 
high-expectancy 
would be associated 
with increased 
symptom reporting 
(number and 
intensity), (b) that 
high expectancy 
participants would be 
more likely to report 

A sham controlled double blind 
provocation study in which 
54 university students (34 female, 
20 male) were randomly assigned 
to groups of high expectancy and 
low expectancy that infrasound 
causes specific symptoms. 

Participants from each group were 
shown the relevant expectancy 
video – high expectancy video (of 
symptomatic experiences due to 
wind farm) or low expectancy 
video (of scientific position on lack 
of symptoms from infrasound) and 
then exposed in a standards-
compliant listening room to ten 
minutes of infrasound and ten 
minutes of sham infrasound (no 
sound) in a counterbalanced 
design. Participants were told 

Subjects were asked about health 
effects of wind turbine sound at 
baseline and after video viewing.  
Self-reported physical symptoms, 
12 specified to be typical of 
infrasound and 12 less typical, 
were elicited before and during 
each ten-minute exposure session. 
A total symptom score was 
calculated for each rating period. 
Blood pressure and heart rate 
were monitored. 

Minimal information on the 
spectrum and amplitude of the 
auditory stimulus. 
Small sample drawn from 
university student population 
which is not representative of the 
general population. 
Unclear whether blood pressure 
and heart rate were monitored 
pre-exposure to determine 
whether there was variation 
between the randomly assigned 
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symptoms described 
as typical of 
infrasound exposure 
and (c) that there 
would be no effect of 
actual infrasound 
exposure on reported 
symptoms. 

both sessions were infrasound and 
experimenter was blinded to the 
order of exposure. Sound 
transmitted during exposure 
sessions 40 dB at 5 Hz (no other 
information given).  
 

groups. 
Comparatively low level of 
exposure to infrasound given 
some levels measured in 
residence close to wind farms – 
e.g. 60 dB or higher. 

Results  
When given information about the expected physiological effect of infrasound reported symptoms, participants’ self-reported symptoms aligned with that information, 
during exposure to both infrasound and sham infrasound. 
Number and intensity of symptoms in the high intensity group increased from the baseline level during both real and sham infrasound whereas there was little or no 
increase in either during exposure, whether real or sham, in the low expectancy group. A mixed model ANCOVA found a significant main effect of expectancy group on 
both symptom change (p < 0.01) and symptom intensity (p < 0.01). The high expectancy group expressed greater concern regarding the health effects of sound generated 
by wind turbines than the low expectancy group p < 0.001. Heart rate and blood pressure did not change materially during exposure to infrasound in either expectancy 
group (p = 0.09 to p = 0.9). 
Conclusion 
Authors concluded that “Results suggest psychological expectations could explain the link between wind turbine exposure and health complaints”. 
 
Crichton 2013 Design Exposure Outcome  Limitations 

Mechanistic Evidence 
Aim  
To investigate 
whether positive 
expectations about 
infrasound can 
produce a reduction 
in reported 
symptoms and 
health in response to 
exposure to wind 
farm noise. 

An experimental study in which 
60 undergraduate students 
(39 female, 21 male) were 
randomly assigned to positive or 
negative expectation groups.  
 

Participants from each group were 
shown TV footage of either 
negative health effects associated 
with infrasound produced by wind 
turbines or therapeutic effects 
associated with infrasound.  
Participants from each group were 
then exposed to audible wind 
farm sound (43 dB) and infrasound 
(9 Hz, 50.4 dB) and audible wind 
farm sound (43 dB) for two 
seven-minute listening sessions. 

Participants’ symptoms and mood 
were assessed using a seven-point 
Likert scale. This questionnaire 
was filled in at baseline and during 
each exposure period. 

Self-reported outcomes. 
Small sample drawn from 
university student population 
which is not representative of the 
general population. 
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Results 
During exposure to audible wind farm sound and infrasound, self-reported symptoms and mood were strongly influenced by the type of expectations. Negative 
expectation participants experienced a significant increase in symptoms and a significant deterioration in mood, while positive expectation participants reported a 
significant decrease in symptoms and significant improvement in mood. 
Evaluation of perceived health impacts of infrasound exposure showed 90% of the positive expectation group reported an improvement in physical symptoms after the 
listening sessions had concluded compared to 10% of the negative group (p < 0.001). Consistently, 77% of the negative expectation group reported a worsening of 
symptoms during exposure, compared to 10% of the positive group (p < 0.001). 
Conclusion 
Authors concluded “that expectations can influence symptom and mood reports in both positive and negative directions. The results suggest that if expectations about 
infrasound are framed in more neutral or benign ways, then it is likely reports of symptoms or negative effects could be nullified”. 
 
Kelley 1987 Design Exposure Outcome  Limitations 

Mechanistic Evidence 
Aim 
To identify metrics 
or descriptors for 
low frequency 
community 
annoyance for wind 
turbine noise 
applications. 

Experimental study. Seven 
volunteer evaluators took part in 
the experiment. 
The group consisted of three 
women and four men aged from 
early twenties to early sixties.  
 
 

Low frequency noise (LFN) 
generated by sub-woofer speaker 
in room next to a second room 
used as a listening room by the 
evaluators. 

Comparison of noise annoyance 
ratings for six different metrics for 
low frequency noise. 
Annoyance results for the 
following: 

A-weighted noise level 
C-weighted noise level 
G1 (Less than 20 Hz) 
G2 (Less than 20 Hz) 
LSL which reflects three LFN 

influences 
LSPL which is similar to LSL 

Small study with only seven 
participants. Participant selection 
not described and 
representativeness unclear. 
Generalisability to general 
population may be limited. 
Final recommendation involves 
complicated procedure for 
community annoyance evaluation. 
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Results  
Establishment of an interior noise annoyance scale. This was achieved by using the annoyance of the evaluators and described in Table 4. Table 4 results indicate that LSL 
and C metrics were ranked equal highest as efficiency metrics, with LSPL and G1 equal second, G2 third and A-weighted ranked 4th.  
Table 5. INTERIOR  LF ANNOYANCE-LEVEL CRITERIA EMPLOYING THE  LSL AND C METRICS 
                                                                          Threshold Annoyance          Unacceptable Perception Threshold              Annoyance Stimuli 
                                                                          LSL                      C                  LSL                               C                              LSL                C 
Class                                                                            (dB)                                                (dB)                                                      (dB) 
Nonimpulsive, 
periodic random                                            58                       68               65                                   75                         68                 77 
Periodic 
impulsive source                                            53                       63               57                                   67                        60                 68 
Random periodic 
source                                                              59                       67               68                                   76                        70                 78 
 
Conclusion  
The authors describe a methodology for describing worst-case low frequency wind turbine noise based on the LSL and C metrics. The derived levels can then be compared 
with Table 5 (above) to assess the interior annoyance potential.  
 
Ruotolo 2012 Design Exposure Outcome  Limitations 

Mechanistic Evidence 
Aim 
To assess impact of a 
wind farm on 
individuals by means 
of a virtual 
audio-visual 
methodology to 
stimulate biologically 
plausible individual-
environment 
interactions. To 

Laboratory trial (unblinded). 
93 university students aged 
19-34 years (51 females). There 
were no control subjects. 

Subjects were exposed to 
recorded noise and/or video 
representing a wind farm at 20 m, 
100 m, 250 m and 600 m. Noise 
was recorded at an Italian wind 
farm. Visual stimuli were 
reproduced using a 3D graphic 
tool to represent WTGs at these 
distances and a control condition 
representing the same landscape 
without WTGs. There were three 

While exposed to noise and/or 
video conditions, subjects 
performed tasks assessing verbal 
fluency, short-term verbal 
memory, counting backwards and 
distance estimations (egocentric 
and allocentric). After exposure, 
participants were asked to report 
their degree of visual and noise 
annoyance using standard 
assessment methods 

Subjects recruited from university 
student population, not 
representative of general 
population. Few details about 
subject characteristics reported. 
Plausible confounders such as 
socio-economic status or health 
status were not controlled.  
Given that experimental subjects 
were university students, 
generalisability to people living 
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disentangle the 
effects of auditory 
and visual 
components on 
cognitive 
performances and 
subjective 
evaluations, 
unimodal (audio or 
visual) and bimodal 
(audio-visual) 
conditions were 
compared). 

experimental conditions:  
(1) audio + video,  
(2) audio only,  
(3) video only. 

(ISO/TS15666). near wind farms is questionable. 
Generalisability to Australian 
context is also questionable. 
Noise levels (dBA) and power 
output of WTGs in question were 
not provided so comparisons with 
other studies are problematic. 
Generalisability of annoyance 
resulting from brief exposure in a 
laboratory context is unlikely to be 
generalisable to annoyance which 
may result from long-term 
residential exposure. 

Results 
Results indicated that proximity to wind farm noise was associated with poorer performance in executive control (backwards counting) and semantic memory (verbal 
fluency) tasks, consistent with previous similar research on different types of environmental noise (e.g. commuter train noise). The performance in executive control 
improved as distance from the WF increased (p = 0.009). Semantic memory was influenced by distance from the WF (p < 0.001) as well as distance and noise sensitivity 
(p < 0.001). Short-term verbal memory was not influenced by the exposures. Presence of a visual representation of a wind farm may have a negative effect on 
performance of certain cognitive tasks but a mitigating effect on perceived noise annoyance. 
Conclusion 
Authors concluded that the mitigating effect of visual cues on perception of annoyance underscores the importance of complex modelling when undertaking 
environmental impact assessments in order to simulate as closely as possible the multisensory human-environment interaction, for which Immersive Virtual Reality may be 
a useful tool. 
 
Taylor 2013b Design Exposure Outcome  Limitations 

Mechanistic Evidence 
Aim 
To present the 
findings of a study of 
measured noise from 
small wind 
installations and the 
effect of individual 

A cross-sectional environmental 
noise and opinion survey of 
residents living near micro and 
small wind turbine installations. 
138 residents (age ranging from 
20-95; 74 male, 62 female; 
two unknown) living within 500 m 

A computer model together with 
LAeq noise measurements, were 
used to generate sound maps in 
the vicinity of 12 micro (0.6 kW) 
and small (5 kW) wind turbine 
installations. Measures of 
frequency spectra and indication 

Participants were asked about 
perceived noise intrusion, 
attitudes towards wind power, 
mood, general health, personality 
traits and demographic details via 
the postal questionnaire. 

Postal survey, potential selection 
bias (analysis by occupational 
groups showed no significant 
differences between occupational 
groups). Authors reported that 
demographic characteristics of 
participants were checked and 

 
014063



 

62 

personality traits on 
noise perception.  

of one of 12 micro or small wind 
turbines participated in the study 
via postal questionnaire. 1327 
households were contacted 
(response rate of 10.86%). 

of key frequencies were 
documented.  

found to be representative of the 
relevant wider populations, 
however the results were not 
described. 
The study is open to retrospective 
and recall biases. 
Cross-sectional study, limited 
ability to determine causality. 

Results 
The survey showed that the most commonly perceived noises are ‘swooshing’ and ‘humming’, the presence of which may be inferred from the measured frequency 
spectra.  
Negative attitude to wind turbines was associated with increased perception of noise (p = 0.001) from nearby turbines and perception of more noise was associated with 
increased levels of general symptoms reported (p = 0.014). It could not be determined if noise perception causes negative attitude or if negative attitude enhances noise 
perception. Respondents who could see a turbine from their dwelling did not have a significantly more negative attitude to wind turbines (p = 0.993). Individuals’ 
personalities influenced attitudes towards wind turbines, noise perception and symptom reporting.  
At one of the installations, sound levels were higher at all frequencies when the turbines were switched on. There was a peak in the turbine spectrum at around 
160-500 Hz, which was higher than the blade pass frequency mechanism. Therefore, the authors concluded that the peak was due to mechanical noise at the turbine hub 
as a result of electromechanical equipment. At the highest frequencies, a large difference was observed between the two sets of data with the turbines increasing the 
LAeq by almost 20 dB(A) at 10 kHz (reference sound pressure value 2 x 10-5 Pa for all values). 
Conclusion 
Authors concluded “it has been found that an individual’s level of positive and negative affectivity best explain the variance in attitude to wind turbines and noise 
perception. It has also been demonstrated that attitude to wind turbines has a significant effect on noise perception and that noise perception has a significant effect on 
symptom reporting.” 
 

Parallel Evidence 

Chao 2012 Design Exposure Outcome  Limitations 

Parallel Evidence 
Aim 
To clarify health 
effects in 
maintenance 

Cross-sectional study.  
213 Taiwanese aerospace 
maintenance workers divided into 
three groups according to 

Each group exposed to different 
noise exposure. LFN (n = 64) or 
General Noise (GN) (n = 89) or no 
Noise (control group) (n = 60). 

Evaluation of working 
environment: determination of 
source noise.  
Noise exposure of LFN group was 

Noise measurements in the 
work-areas are poor, only spot 
measurements and not noise 
dosimetry. The audiometry is 
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workers exposed to 
low frequency 
and/or general 
noises. 
To understand the 
relationship between 
the variations of 
workers’ 
echocardiographic 
E/A ratio and LFN. 

occupational noise exposure.  Noise exposure was assessed by 
spot measurements in the 
workplace.  
 
  

98 dB(A) compared to the GN 
group of 92 dB(A). In the low 
frequency range (20-500 Hz) the 
LFN group were exposed to 
96 dB(Lin) compared to less than 
80 dB(Lin) for the GN group. 
Biological monitoring: hearing 
evaluation; electrocardiographic 
E/A ratio.  

questionable since the authors 
only reported a “background” 
level in the room that was “lower 
than 40 dB(A)”. Correct 
background measurements for 
audiometry require different 
maximum backgrounds for specific 
frequencies.  
Selection of workers was not 
described. Classification of 
workers to exposure categories 
was not fully described. Potential 
confounders were not evaluated. 
Authors identify as a limitation 
that there is “room for 
improvement between the 
normality and pseudo 
normalisation LV filling of the E/A 
ratio echocardiography 
parameter.” 

Results  
The abnormality rate of the echocardiography parameter E/A ratio within the LFN group was greater than both the GN and control group members. The abnormality of 
E/A ratio between the latter two groups did not show any difference.  
Severe dysfunction cases (E/A ratio > 3) only occurred in LFN group members. The hearing loss caused by LFN exposure was more severe at higher frequencies, 4 kHz and 
6 kHz and the loss of hearing could reach above 40 dB. 
Authors reported: “…for the LFN group, the averaged value of the E/A ratio echocardiography parameter was found to be greater than 1.5 (which is the standard for grade 
of the JACC classification). The abnormality rate of the E/A ratio (E/A > 2) was found to be close to 31% in LFN group members, which was much higher than that of the GN 
and control groups. …[H]earing loss for the LFN and GN groups became serious at higher frequencies, especially at 4k [Hz] and 6k [Hz] where the hearing loss of the LFN 
group reached 40 dB, and was 10 dB higher than that of GN group. …[T]here was a 20 dB higher hearing loss in the LFN group when compared with the control group.”   
Conclusion  
Authors concluded “Low frequency noise has a tremendous effect on human health both psychologically and physically.”  
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Persson Waye 1997 Design Exposure Outcome  Limitations 

Parallel Evidence 
Aim 
To assess evaluating 
effects of LFN on 
performance. Of 
special interest was 
to study objective 
and subjective 
effects on 
performance 
involving cognitive 
aspects over time. 

Laboratory pilot study of 
14 students with self-reported 
sensation of eardrum pressure 
after exposure to a LFN. 

The study involved two exposure 
conditions: (1) predominantly mid 
frequency character (mid 
frequency noise) and (2) 
predominantly low frequency 
character (LFN). 
Participants performed three 
computerised cognitive tests in 
the mid frequency or LFN 
condition alternatively. The first 
two cognitive tests were 
performed together with a 
secondary task (intended to create 
an interactive environment which 
led to a competition of cognitive 
resources). 

Questionnaires were used to 
evaluate subjective symptoms, 
effects on mood and estimated 
interference with test results due 
to temperature, light and noise. 
Mood was measured pre-test and 
post-test. 
Post-test questionnaire was on 
subjective symptoms that had 
earlier been found to be 
associated with LFN (e.g. 
headache, pressure, fatigue) and 
symptoms were not previously 
found to be associated with LFN 
(e.g. eye irritation). 

Only subjective effects were 
investigated. 
Small sample drawn from 
university student population 
which is not representative of the 
general population. 
Volunteers were pre-screened and 
included or excluded from the 
testing based on self-reported 
sensation of eardrum pressure 
following exposure to LFN, further 
limiting the representativeness of 
the study to the general 
population. 
Analyses had very low power, and 
subsequently non-significant 
effects and trends were reported. 

Results  
Subjects reported greater interference of task performance for LFN than mid frequency noise (p < 0.05). Exposure to LFN resulted in lower ‘social orientation’ (p < 0.05) 
(i.e. less agreeable, less co-operative) and tendency to lower ‘pleasantness’ (p = 0.07) (more bothered, less content), compared to the mid-frequency noise. Response 
times during the last part of the test were longer in the LFN exposure condition. The difference in annoyance between the LFN and the mid-frequency noise was not 
statistically significant (p = 0.19). 
Conclusion 
Authors concluded “that the LFN was estimated to interfere more strongly with performance. The results also gave some indication that cognitive demands were less well 
coped with under the LFN condition. This effect was especially pronounced in the last parts of the test, which indicates that the effects appear over time. The relation 
between the reduced activity and response time, which was especially pronounced in the low frequency noise condition, may also indicate that increased fatigue was of 
importance for the results.”  
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Persson Waye 2001 Design Exposure Outcome  Limitations 

Parallel Evidence 
Aim:  
To study the possible 
interference of LFN 
on performance and 
annoyance.  

Experimental study testing the 
impact of LFN exposure 
(ventilation noises) on cognitive 
performance and self-reported 
annoyance.  
32 young adults (male = 13, 
female = 19, mean age = 23 years, 
SD = 2.6 years) with high or low 
sensitivity to noise in general or 
specifically to LFN took part in the 
study. Participants’ sensitivity to 
noise in general and specifically 
LFN assessed by questionnaire.  
Participants underwent a hearing 
test, and only those with normal 
hearing (< 20 dB HL) included. 
Participants took part in two test 
sessions, on separate days.  

This study involved exposure to 
two ventilation noise conditions:  

predominantly low frequency 
content noise (in the 
frequency of 31.5 Hz to 
125 Hz generated using a 
digital sound processor 
system, with the third octave 
band centred at 31.5 Hz and  
amplitude-modulated at a 
frequency of 2 Hz).  

flat frequency content noise 
(control, recorded noise from 
a ventilation installation) 

Both conditions had a sound 
pressure level of 40 dBA. 

Change in performance of various 
tasks designed to involve different 
levels of mental processing:  
Task I – simple reaction-time task 
Task II – short-term memory task 
Task III – proof-reading task 
Task IV – computerised verbal 
grammatical reasoning task 
Participants’ self-reported 
reactions were also collected by 
questionnaire.  
Saliva samples taken to assess 
stress and cortisol levels were 
measured. 
Questionnaire measuring 
perceived stress and energy.  

Small sample size (n = 32), 
particularly when sub-divided into 
groups by sensitivity to general 
and LFN. 
“Noise sensitivity” was not clearly 
defined and evaluated by 
questionnaire with no other 
information provided. 
Participants were young with 
normal hearing, were recruited by 
public advertising and were paid. 
Possible recruitment bias but 
detailed demographics of subjects 
were not provided. 
Participants’ literacy and 
numeracy was not reported. 
 

Results 
Exposure to LFN condition resulted in poorer performance on some aspects of cognitive tasks and LFN appeared to impair working capacity more than reference noise. LFN 
was associated with reduced number of errors identified per line read in a proof-reading task and reduced improvement over time during the verbal grammatical 
reasoning task. Subjects rated LFN more annoying than reference noise and also considered LFN impaired working capacity more than reference noise. No associations 
were found between noise and other symptoms. Subjects reported a higher degree of annoyance and impaired working capacity when working exposed to LFN. Impaired 
working capacity and annoyance due to LFN were significantly correlated to subjective outcomes, such as a feeling of pressure on the head, tiredness, and lack of 
concentration. Three-way interaction in response time between noise, phase and LFN sensitivity (p < 0.05). 
- subjects with high-sensitivity to LFN decreased their response time considerably during reference noise, but only slightly during LFN (reverse observed for subjects low-
sensitive to LFN). 
- subjects with high-sensitivity to noise in general decreased their response time during LFN, but only slightly during reference noise (subjects low-sensitive only decreased 
their response time during reference noise). 
Effects were more pronounced among subjects classified as sensitive to low-frequency noise and to noise in general. Noise-sensitive subjects reported more annoyance 
and impaired working capacity, particularly low-frequency sensitive individuals. 
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- tendency to a two-way interaction in reaction-time between noise and sensitivity to noise in general (p = 0.051); subjects with high-sensitivity to noise in general had a 
somewhat longer reaction-time during the LFN condition compared to the reference noise condition, whereas low-sensitivity subjects had similar reaction times during 
both noise conditions. 
Conclusion 
Authors concluded “…the quality of work performance and perceived annoyance may be influenced by the continuous exposure to LFN at commonly occurring noise 
levels." 
 
Smith 2013 Design Exposure Outcome  Limitations 

Parallel Evidence 
Aim 
To ascertain the 
increasing vibration 
amplitude, 
associated with 
passing railway 
trains, on sleep 
disturbance. 

Laboratory study of 
12 participants to investigate the 
impact of increasing vibration 
amplitudes (horizontal vibrations) 
simulating passing freight trains 
on individuals sleep disturbance 
(sleep parameters) and heart rates 
(cardiovascular response). 

Participants slept for six 
consecutive nights in a laboratory. 
Beginning with one night of 
habituation, followed by one night 
of controlled sleep followed by 
four nights of randomised order 
exposure.  
Exposure nights considered of 
36 pass by train simulations, 
varying vibration level (noise only, 
low (Wd Weighted maximum 
acceleration 0.0058 m/sec2), 
moderate (0.0102 m/sec2), high 
(0.0204 m/sec2)) between nights. 

Questionnaires measured 
subjective sleep indicators 
(including tiredness and stress) 
completed at both morning and 
evening.  
Sleeping parameters were 
obtained through use of 
polysomnography (PSG). 
Heart rate activity was recorded 
during the night period through 
use of a single ECG. Breathing 
measurements were also 
obtained. An EEG was used to 
establish artefacts and wake 
stages to be excluded from the 
heart rate analysis, due to prior 
unforeseen technical limitations 
due to unsuitability for task. 
 

Laboratory environment may not 
accurately replicate real-world 
exposures. 
Small study group (n = 12) and 
young age (20-29 years) limits 
generalisability. 
Unable to draw a conclusion 
regarding the impacts of the 
individual train’s characteristics, 
including rise time and event 
duration. 

Results 
Quality of sleep was seen to decrease significantly with the increased level of vibration (p = 0.033, F(3,7) = 6.1), participants felt increasingly disturbed by the vibrations 
with increasing amplitudes (p = 0.002, F(3,8) = 16.2). Levels of stress were increased the evening after a night of increased vibration (previous night) (p = 0.048). Specific 
sleep parameters showed clear influence of the applied vibration and this effect was significant in subscales of poor sleep, difficultly falling asleep and tiredness in the 
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morning (each p < 0.05).  
In contrast participants’ rating of being disturbed by noise did not change significantly with increasing vibration amplitude (p = 0.626). An overall heart rate increase was 
observed during an increased amplitude of vibration (p = 0.054, F(3,4) = 7.3). With increasing vibration, a decrease in latency was found and an increase in amplitude of 
heart rate, as well as a reduction in sleep quality and sleep disturbance, was observed. 
Conclusion  
Authors concluded that “individuals are able to differentiate between train induced vibration and train induced noise during the night and that train induced vibration and 
LFN has a negative effect on their self-reported sleep quality, causes subjective sleep disturbance and is accompanied by heart rate increase. The effects increase with 
greater vibration amplitude. The results suggest that individuals living near to railway lines and thus subjected to the accompanying noise and vibration exposure are at 
risk for having their sleep impaired. This may lead to reduced concentration and daytime functioning in the short term and impaired health in long term.” 
 
Witthoft 2013 Design Exposure Outcome  Limitations 

Parallel Evidence 
Aim 
To test whether 
exposure to a media 
report promoting a 
link between Wi-Fi 
and symptoms 
would influence 
symptom attribution 
during sham Wi-Fi 
exposure.  

‘Between-groups’ experiment.  
147 university students randomly 
assigned to experimental (watch a 
television report about the 
adverse health effects of Wi-Fi, 
n = 76) or control groups (report 
of the same length but relating to 
the security of mobile phone data 
transmission, n = 71). 
Positively skewed symptom 
reports and questionnaire data 
were log-transformed where 
necessary; effects of television 
report on concerns about EMF 
tested using linear regression 
analysis; t-tests to test the 
difference in symptom scores 
before and after sham exposure. 

Exposure to either a television 
report (genuine report aired on 
UK television) about the adverse 
health effects of Wi-Fi or a control 
film. 
Subsequently exposed to a ‘sham’ 
Wi-Fi signal (15 minutes). 
Exposure equipment (antenna 
mounted on a headband, 
seemingly connected to a Wi-Fi 
router and laptop) was attached 
to the participant’s head. 

Symptoms were assessed with a 
modified state version of the 
checklist for symptoms in daily life 
(CSD) following the sham 
exposure.  
Secondary outcomes measures 
included worries regarding the 
health effects of EMF, attributing 
symptoms to the sham exposure 
and increases such as perceived 
sensitivity to EMF. 
Perceived EMF sensitivity was 
evaluated using EMF version of 
the Sensitive Soma Assessment 
Scale (SSAS). 
Worries about the health effects 
of EMF measured using Modern 
Health Worries Scale (MHW-R). 
State of anxiety was assessed 
using State Trait Anxiety Inventory 
(STAI-6), somatisation was 

Did not use a ‘no exposure’ 
control condition and therefore 
cannot definitively rule out the 
nocebo effect, however authors 
argue that nocebo is unlikely given 
the magnitude of the effects 
found and the consistency with a 
priori expectations.  
Symptoms reports were 
influenced by the demand 
characteristics of the study rather 
than the actual symptom 
experience. 
There was a lack of baseline 
measurement resulting in a lack of 
ability to relate inference between 
film and symptom report. 
Sample drawn from university 
student population which is not 
representative of the general 
population.  
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assessed using Patient Health 
Questionnaire (PHQ-15) and 
somatosensory amplification was 
assessed using Somatosensory 
Amplification Scale (SSA). 

Participants were paid for their 
involvement in the study. 
Study did not systematically assess 
the current and previous medical 
and psychiatric conditions of 
participants, therefore cannot rule 
out the possibility that these 
factors might have influenced 
results.  

Results  
82 of the 147 participants (56%) reported symptoms which were attributed to the sham exposure. The film shown to the experimental group found: EMF related worries 
(B = 0.19; P = 0.019)* were strongest in people with high levels of anxiety state; post sham exposure symptoms were found among participants with high pre-existing 
anxiety (B = 0.22; P = 0.008)*; the likelihood of symptoms being attributed to the sham exposure among people with high anxiety (B = 0.31; P = 0.001)*; and the likelihood 
of people who attributed their symptoms to the sham exposure believing themselves to be sensitive to EMF (B = 0.16; P = 0.049)*  
*B = Beta  
Conclusion 
Authors concluded that “Media reports about the adverse effects of supposedly hazardous substances can increase the likelihood of experiencing symptoms following 
sham exposure and developing apparent sensitivity to it.”  
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Appendix 1 – Systematic Review Questions 

SRQ1. Distance 

Is there any reliable evidence of an association between distance from wind turbines and adverse health 
effects? If so: 

a. How strong is this association? 

b. How does the strength of this association relate to distance from wind turbines? 

c. Might this association be explained by: (i) chance, (ii) bias, or (iii) confounding? 

SRQ2. Audible noise 

Is there any reliable evidence of an association between audible noise (greater than 20 Hz) from wind 
turbines and adverse health effects? If so: 

a. How strong is this association? 

b. How does the strength of this association relate to level of exposure to audible noise from 
wind turbines? 

c. Might this association be explained by: (i) chance, (ii) bias, or (iii) confounding? 

SRQ3. Infrasound and low-frequency noise 

Is there any reliable evidence of an association between infrasound and low frequency noise (less than 20 
Hz) from wind turbines and adverse health effects? If so: 

a. How strong is this association? 

b. How does the strength of this association relate to level of exposure to infrasound/inaudible 
noise from wind turbines? 

c. Might this association be explained by: (i) chance, (ii) bias, or (iii) confounding? 

SRQ4. Shadow flicker 

Is there any reliable evidence of an association between shadow flicker (photosensitivity greater than 3 
Hz) from wind turbines and adverse health effects? If so: 

a. How strong is this association? 

b. How does the strength of this association relate to level of exposure to shadow 

flicker from wind turbines? 

c. Might this association be explained by: (i) chance, (ii) bias, or (iii) confounding? 

SRQ5. Electromagnetic radiation 

Is there any reliable evidence of an association between electromagnetic radiation from wind turbines 
and adverse health effects? If so: 

a. How strong is this association? 

b. How does the strength of this association relate to level of exposure to electromagnetic 
radiation from wind turbines? 

c. Might this association be explained by: (i) chance, (ii) bias, or (iii) confounding? 
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Appendix 2 – Database search strategies  

Searches were first run on 19 March 2014 (#2) and repeated on 7 May 2014 (#4) 

 

 

Databases Set Query Hits 

PubMed #1 ((wind[all fields] AND (turbine*[all fields] OR farm[all fields] OR farms[all fields] 
OR tower*[all fields] OR energy[all fields] OR technology[all fields] OR energy 
generating resources[MeSH] OR electric power supplies[MeSH])) OR wind 
turbine syndrome[all fields] OR Wind power[all fields]) 

4225 

#2 #1 AND ("2012/10/01"[Date - Entrez] : "3000"[Date - Entrez]) 460 

#3 ((wind[all fields] AND (turbine*[all fields] OR farm[all fields] OR farms[all fields] 
OR tower*[all fields] OR energy[all fields] OR technology[all fields] OR energy 
generating resources[MeSH] OR electric power supplies[MeSH])) OR wind 
turbine syndrome[all fields] OR Wind power[all fields]) 

4292 

#4 #3 AND ("2014/03/19"[Date - Entrez] : "3000"[Date - Entrez]) 35 

EMBASE 

 via 
embase.com 

#1 wind OR ‘wind’/exp AND (turbine* OR tower* OR farm OR farms OR ‘energy 
generating resources’/exp OR ‘energy generating resources’ OR ‘electric power 
supplies’/exp OR ‘electric power supplies OR power OR ‘technology’/exp OR 
technology OR ‘power supply’/exp OR ‘power supply’ OR ‘energy resource’/exp 
OR ‘energy resource’) OR ‘wind turbine syndrome’ OR ‘wind power’/exp 

4471 

#2 #1 AND [26-9-2012]/sd 619 

#3 wind OR 'wind'/exp AND (turbine* OR tower* OR farm OR farms OR 'energy 
generating resources'/exp OR 'energy generating resources' OR 'electric power 
supplies'/exp OR 'electric power supplies' OR power OR 'technology'/exp OR 
technology OR 'power supply'/exp OR 'power supply' OR 'energy resource'/exp 
OR 'energy resource') OR 'wind turbine syndrome' OR 'wind power'/exp 

3962 

#4 #3 AND [19-3-2014]/sd 61 

Cochrane 
Library 

#1 "wind turbine" or "wind tower" or "wind farm" or "wind power" or "wind 
renewable energy" or "wind power plant" or "wind technology" or "wind 
energy" or "wind resource" 

1 

#2 Limit 2012-3000 0 

 #3 "wind turbine" or "wind tower" or "wind farm" or "wind power" or "wind 
renewable energy" or "wind power plant" or "wind technology" or "wind 
energy" or "wind resource" 

1 

 #4 Limit 2012-3000 0 

PsycINFO 
via OVID 

#1 (Wind and (turbine or tower or farm or power or "renewable energy" or 
"power plant" or technology or energy or resource)).mp. 

196 

#2 limit 1 to yr="2012 -Current" 40 

#3 (Wind and (turbine or tower or farm or power or "renewable energy" or 
"power plant" or technology or energy or resource)).mp. 

198 

#4 limit 3 to yr="2014 -Current" 8 
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Web of 
Science 

#1 TS=((wind NEAR (turbine* OR tower* OR farm* OR power* OR "renewable 
energy" OR "power plant*" OR technolog* OR energy OR resourc*)) OR "wind 
turbine syndrome") AND TS=(health OR welfare OR well-being OR human OR 
noise OR glint OR flicker OR “electromagnetic radiation”)  

Timespan = 2012-2014 

778 

#2 Refined by: WEB OF SCIENCE CATEGORIES: (ENERGY FUELS OR ENGINEERING 
INDUSTRIAL OR IMMUNOLOGY OR ENGINEERING ELECTRICAL ELECTRONIC OR 
ENGINEERING MECHANICAL OR MATERIALS SCIENCE MULTIDISCIPLINARY OR 
ENGINEERING CIVIL OR ACOUSTICS OR BIOTECHNOLOGY APPLIED MICROBIOLOGY OR 
MICROBIOLOGY OR ENVIRONMENTAL SCIENCES OR OPHTHALMOLOGY OR OPTICS OR 
OTORHINOLARYNGOLOGY OR MECHANICS OR PATHOLOGY OR ENVIRONMENTAL 
STUDIES OR PHARMACOLOGY PHARMACY OR MATERIALS SCIENCE CHARACTERIZATION 
TESTING OR PLANNING DEVELOPMENT OR PRIMARY HEALTH CARE OR PUBLIC 
ENVIRONMENTAL OCCUPATIONAL HEALTH SCI OR ECOLOGY OR ENGINEERING 
ENVIRONMENTAL OR ENGINEERING MULTIDISCIPLINARY OR MULTIDISCIPLINARY 
SCIENCES OR PUBLIC ENVIRONMENTAL OCCUPATIONAL HEALTH OR ORNITHOLOGY OR 
DERMATOLOGY OR MEDICINE RESEARCH EXPERIMENTAL OR BIOCHEMICAL RESEARCH 
METHODS OR ONCOLOGY OR CONSTRUCTION BUILDING TECHNOLOGY OR 
DEVELOPMENTAL BIOLOGY OR MEDICINE GENERAL INTERNAL OR CARDIAC 
CARDIOVASCULAR SYSTEMS OR BIOLOGY OR PUBLIC ENVIRONMENTAL OCCUPATIONAL 
HEALTH SSCI OR ENGINEERING BIOMEDICAL OR ENGINEERING CHEMICAL) 

619 

#3 TS=((wind NEAR (turbine* OR tower* OR farm* OR power* OR "renewable 
energy" OR "power plant*" OR technolog* OR energy OR resourc*)) OR "wind 
turbine syndrome") AND TS=(health OR welfare OR well-being OR human OR 
noise OR glint OR flicker OR “electromagnetic radiation”) 

Timespan = 2014 

82 

#4 Refined by: WEB OF SCIENCE CATEGORIES: (ENERGY FUELS OR ENGINEERING 
MECHANICAL OR ENGINEERING CIVIL OR ACOUSTICS OR ECOLOGY OR ENGINEERING 
ELECTRICAL ELECTRONIC OR ENVIRONMENTAL SCIENCES OR BIOTECHNOLOGY APPLIED 
MICROBIOLOGY OR MEDICAL INFORMATICS OR MEDICINE RESEARCH EXPERIMENTAL 
OR MULTIDISCIPLINARY SCIENCES OR ENVIRONMENTAL STUDIES OR ONCOLOGY OR 
PUBLIC ENVIRONMENTAL OCCUPATIONAL HEALTH OR ENGINEERING 
MULTIDISCIPLINARY) 

70 
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Appendix 3 – Background Review Questions 

 

BQ1.  What are wind turbines and wind farms? 

BQ2.  By what specific physical emissions might wind turbines cause adverse health effects? 

BQ3.   For each such emission, what is the level of exposure from a wind turbine and how does it vary 
by distance and characteristics of the terrain separating a wind turbine from potentially 
exposed people? 

BQ4.   Is there basic biological evidence, or evidence from research into other circumstances of 
human exposure to physical emissions that wind turbines produce, that make it plausible that 
wind turbines cause adverse health effects? 

BQ5.   Is there any direct research evidence that exposure to wind turbines is associated with adverse 
health effects? 

BQ6.  If there is evidence that exposure to wind turbines is associated with adverse health effects: 

a. Is there evidence that there are confounding factors or effect modifiers that might explain 
the association of wind turbines with adverse health effects? Such as but not necessarily 
limited to: 

i. visibility of turbines 

ii. financial gain from the siting of turbines 

iii. community participation in decision making on the siting of turbines 

iv. age and design of turbines? 
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Appendix 4 – Citations from the repeat literature search 
Reasons for exclusion 

1 = not publicly available in English 
2 = not based on systematically collected data relevant to wind farms and human health 
3 = does not look at human exposure to wind farm emissions 
4 = exclusively selects participants only because they had reported health effects 
5 = does not compare participants with different levels of exposure to wind turbines 
6 = does not explain how the data were collected 
7 = does not report on one or more health (or health-related) outcomes 
8 = does not analyse the results 
9 = citation was considered (and either included or excluded) for the Independent Review 
 

CITATION REASON  

Adcock J, Delaire C, Griffin D. A Review of the Draft NSW Planning Guidelines: Wind 
Farms. Acoustics Australia. 2012;40(1):72-8. 

9 

Alimohammadi I, Sandrock S, Gohari MR. The effects of low frequency noise on mental 
performance and annoyance. Environmental Monitoring and Assessment. 2013;185(8): 
7043-51.  

2, 3 

Alway P. Wind Farm Noise. Acoustics Australia. 2013;41(3):195. 2 [letter] 
Ammar M, IEEE. Flicker Emission of Distributed Wind Power: A Review of Impacts, 
Modeling, Grid Codes and Mitigation Techniques. New York: IEEE; 2012. 

7 

Ammar M, Joos G. Impact of Distributed Wind Generators Reactive Power Behavior on 
Flicker Severity. IEEE Transactions on Energy Conversion. 2013;28(2):425-33. 

7 

Angulo I, de la Vega D, Grande O, Cau N, Gil U, Wu YY, et al. Empirical Evaluation of the 
Impact of Wind Turbines on DVB-T Reception Quality. IEEE Transactions on 
Broadcasting. 2012;58(1):1-9. 

7 

Baath LB. Noise spectra from wind turbines. Renewable Energy. 2013;57:512-9. 5, 7 
Bakker RH, Pedersen E, van den Berg GP, Stewart RE, Lok W, Bouma J. Impact of wind 
turbine sound on annoyance, self-reported sleep disturbance and psychological distress. 
Science of the Total Environment. 2012;425:42-51. 

9 

Barnard M. Issues of wind turbine noise. Noise & Health. 2013;15(63):150-2.  2, 5 [letter] 

Baxter J, Morzaria R, Hirsch R. A case-control study of support/opposition to wind 
turbines: Perceptions of health risk, economic benefits, and community conflict. Energy 
Policy. 2013;61:931-43. 

2, 3, 7 

Bidwell DC. The structure and strength of public attitudes towards wind farm 
development. Dissertation Abstracts International Section A: Humanities and Social 
Sciences. 2012;72(7-A):2598. 

7 

Bilski B. Factors Influencing Social Perception of Investments in the Wind Power Industry 
with an Analysis of Influence of the Most Significant Environmental Factor - Exposure to 
Noise. Polish Journal of Environmental Studies. 2012;21(2):289-95. 

9 

Bockstael A, Dekoninck L, Can A, Oldoni D, De Coensel B, Botteldooren D. Reduction of 
Wind Turbine Noise Annoyance: An Operational Approach. Acta Acustica united with 
Acustica. 2012;98(3):392-401. 

Background 
Evidence 

Bolin K, Almgren M, Ohlsson E, Karasalo I. Long term estimations of low frequency noise 
levels over water from an off-shore wind farm. Journal of the Acoustical Society of 
America. 2014;135(3):1106.  

7 
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CITATION REASON  

Adcock J, Delaire C, Griffin D. A Review of the Draft NSW Planning Guidelines: Wind 
Farms. Acoustics Australia. 2012;40(1):72-8. 

9 

Bolin K, Kedhammar A, Nilsson ME. The Influence of Background Sounds on Loudness 
and Annoyance of Wind Turbine Noise. Acta Acustica united with Acustica. 
2012;98(5):741-8. 

7 

Bowdler D. Wind turbine syndrome – an alternative view. Acoustics Australia. 
2012;40(1):67-71. 

9 

Broner N. Special issue wind turbine noise. Acoustics Australia. 2012;40(1):5-83. 7 
Camp S. The steep and the tearful: a New Zealand perspective of wind turbine noise. 
Acoustics Australia. 2012;40(1):57-8. 

7 

Chapman S, St George A, Waller K, Cakic V. The pattern of complaints about Australian 
wind farms does not match the establishment and distribution of turbines: support for 
the psychogenic, 'communicated disease' hypothesis. PLoS One. 2013;8(10):e76584.  

5 

Chapman S, St George A. How the factoid of wind turbines causing 'vibroacoustic 
disease' came to be 'irrefutably demonstrated'. Australian and New Zealand Journal of 
Public Health. 2013;37(3):244-9.  

5 [review] 

Chapman S. Wind Turbine Noise Editorial ignored 17 reviews on wind turbines and 
health. BMJ. 2012;344:1. 

9 

Chourpouliadis C, Ioannou E, Koras A, Kalfas AI. Comparative study of the power 
production and noise emissions impact from two wind farms. Energy Conversion and 
Management. 2012;60:233-42. 

7 

Crichton F, Dodd G, Schmid G, Gamble G, Cundy T, Petrie KJ. The power of positive and 
negative expectations to influence reported symptoms and mood during exposure to 
wind farm sound. Health Psychology. 2013. [Epub ahead of print 25/11/2013]  

Mechanistic 
Evidence 

Crichton F, Dodd G, Schmid G, Gamble G, Petrie KJ. Can expectations produce symptoms 
from infrasound associated with wind turbines? Health Psychology. 2014;33(4):360-4. 

Mechanistic 
Evidence 

Deignan B, Harvey E, Hoffman-Goetz L. Fright factors about wind turbines and health in 
Ontario newspapers before and after the Green Energy Act. Health, Risk and Society. 
2013;15(3):234-50. 

3, 5, 7 

Doolan CJ, Moreau DJ. An on-demand simultaneous annoyance and indoor noise 
Recording Technique. Acoustics Australia. 2013;41(2):141-5. 

Background 
Evidence 

Ejdys J, Broniewicz E. Impact of wind power plants on acoustic climate. Przeglad 
Elektrotechniczny. 2012;88(3A):199-202. 

7 

Enbom H, Enbom IM. Infrasound from wind turbines: an overlooked health hazard. 
Lakartidningen. 2013;110(32-33):1388-9. 

2 

Evans T, Cooper J. Comparison of predicted and measures wind farm noise levels and 
implications for assessments of new wind farms. Acoustics Australia. 2012;40(1):28-36. 

7 

Farboud A, Crunkhorn R, Trinidade A. 'Wind turbine syndrome': fact or fiction? Journal 
of Laryngology and Otology. 2013;127(3):222-6.  

2 [review] 

Groth TM, Vogt C. Residents' perceptions of wind turbines: An analysis of two townships 
in Michigan. Energy Policy. 2014;65:251-60. 

7 

Haggett C. The Social Experience of Noise from Wind Farms. Learning from Wind Power: 
Governance, Societal and Policy Perspectives on Sustainable Energy. 2012:153-73. 

2, 7 [book 
chapter] 

Hanning CD, Evans A. Wind turbine noise. Authors' reply to Chapman. BMJ. 2012;344:1. 9 
Hanning CD, Evans A. Wind turbine noise. BMJ. 2012;344:2. 9 
Hume KI, Brink M, Basner M. Effects of environmental noise on sleep. Noise & Health. 
2012;14(61):297-302.  

2 [review] 

Jeffery RD, Krogh C, Horner B. Adverse health effects of industrial wind turbines. 
Canadian Family Physician/Médecin de Famille Canadien. 2013;59(5):473-5. 

2, 3, 5 
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CITATION REASON  

Adcock J, Delaire C, Griffin D. A Review of the Draft NSW Planning Guidelines: Wind 
Farms. Acoustics Australia. 2012;40(1):72-8. 

9 

Jeffery RD, Krogh CM, Horner B. Industrial wind turbines and adverse health effects. 
Canadian Journal of Rural Medicine/Journal Canadien de la Médecine Rurale. 
2014;19(1):21-6. 

6 [review] 

Jianu O, Rosen MA, Naterer G. Noise Pollution Prevention in Wind Turbines: Status and 
Recent Advances. Sustainability. 2012;4(6):1104-17. 

7 

Katsaprakakis DA. A review of the environmental and human impacts from wind parks. 
A case study for the Prefecture of Lasithi, Crete. Renewable and Sustainable Energy 
Reviews. 2012;16(5):2850-63. 

7 

Kontogianni A, Tourkolias C, et al. Planning globally, protesting locally: Patterns in 
community perceptions towards the installation of wind farms. Renewable Energy. 
2014;66:170-7. 

7 

Koulouras G, Alves-Pereira M, et al. Letter to the Editor re: 'How the factoid of wind 
turbines causing 'vibroacoustic disease' came to be 'irrefutably demonstrated'. Scientific 
World Journal. 2014;38(2):191-2. 

2, 4, 5 

Kurpas D, Mroczek B, Karakiewicz B, Kassolik K, Andrzejewski W. Health impact of wind 
farms. Annals of agricultural and environmental medicine: AAEM. 2013;20(3):595-604.  

2, 5, 6 
[review] 

Larsson C, Ohlund O. Amplitude modulation of sound from wind turbines under various 
meteorological conditions. Journal of the Acoustical Society of America. 2014;135:67-73.  

7 

Lee GS, Cheong C, Shin SH, Jung SS. A case study of localization and identification of 
noise sources from a pitch and a stall regulated wind turbine. Applied Acoustics. 
2012;73(8):817-27. 

7 

Lee S, Lee S, Lee S. Numerical modeling of wind turbine aerodynamic noise in the time 
domain. Journal of the Acoustical Society of America. 2013;133(2):El94-100.  

5, 7 

Leung DYC, Yang Y. Wind energy development and its environmental impact: A review. 
Renewable and Sustainable Energy Reviews. 2012;16(1):1031-9. 

7 

Maffei L, Iachini T, Masullo M, Aletta F, Sorrentino F, Senese VP, et al. The effects of 
vision-related aspects on noise perception of wind turbines in quiet areas. International 
Journal of Environmental Research and Public Health. 2013;10(5):1681-97.  

7 

Maille ME, Saint-Charles J. Social cohesion in a community divided by a wind farm 
project. Human Ecology Review. 2012;19(2):83-98. 

5 

McCallum LC, Whitfield Aslund ML, Knopper LD, Ferguson GM, Ollson CA. Measuring 
electromagnetic fields (EMF) around wind turbines in Canada: is there a human health 
concern? Environmental Health. 2014;13(1):9.  

Background 
Evidence 

McDonald NC, Pearce JM. Community Voices: Perspectives on Renewable Energy in 
Nunavut. Arctic. 2013;66(1):94-104. 

2, 3, 5, 7 

Moynihan MJ. Wind energy presents new challenges for worker health and safety. 
Workplace Health & Safety. 2013;61(5):232.  

2, 3, 5, 7 

Mroczek B, Kurpas D, Karakiewicz B. Influence of distances between places of residence 
and wind farms on the quality of life in nearby areas. Annals of Agricultural and 
Environmental Medicine: AAEM. 2012;19(4):692-6. 

Direct 
Evidence 

Mulvaney KK, Woodson P, Prokopy LS. Different shades of green: a case study of 
support for wind farms in the rural Midwest. Environmental Management. 
2013;51(5):1012-24.  

3, 5, 7 

Nilsson ME, Bolin K, Bluhm G. [Wind power noise is not an infrasound problem]. 
Lakartidningen. 2013;110(42):1877.  

1 
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Appendix 5 – Submitted literature 

 

CITATIONS OF SUBMITTED LITERATURE CATEGORY REASON 

Access Economics. Listen hear! The economic impact and cost of hearing loss in Australia. Access 
Economics Pty Ltd, 2006. 

Exclude Not related to exposures or outcomes related to wind 
farms 

Acoustic Group. Peer review of environmental noise assessment Collector Wind Farm 
42.5006.R1:ZSC. The Acoustic Group, 2013. 

Exclude Not based on new (or new analysis of) systematically 
collected data 

Alves-Pereira M, Branco NA. Letter to the Editor - How the factoid of wind turbines causing 
'vibroacoustic disease' came to be 'irrefutably demonstrated'. Aust NZ J Public Health. 
2013;38(2):191-92.  

Exclude Letter; refers to previously published findings 

Alves-Pereira M, Castelo Branco NA. Vibroacoustic disease: biological effects of infrasound and 
low-frequency noise explained by mechanotransduction cellular signalling. Progress in biophysics 
and molecular biology. 2007;93(1-3):256-79.  

Exclude Already considered and either included or excluded 
from the Independent Review 

AMA. AMA Position Statement Wind Farms and Health: Australian Medical Association; 2014. Exclude Position statement; not based on new (or new analysis 
of) systematically collected data 

Ambrose SE, Rand RW, Krogh CME. Falmouth, Massachusetts wind turbine infrasound and low 
frequency noise measurements Inter-noise 2012; 19-22 August; New York City, NY 2012. 

Exclude Summary of previously published paper 

Ambrose SE, Rand RW, Krogh CME. Wind Turbine Acoustic Investigation: Infrasound and Low-
Frequency Noise A Case Study. Bull Sci Technol Soc. 2012. 

Exclude Case study only; not based on new (or new analysis of) 
systematically collected data 

Ambrose SE, Rand RW. The Bruce McPherson Infrasound and Low Frequency Noise Study Adverse 
Health Effects Produced By Large Industrial Wind Turbines Confirmed. 2011. 

Exclude Measurements at one turbine; not based on new (or 
new analysis of) systematically collected data 

Andreucci F, Atzori D, Baratta C, Betti R. Correlation between people perception of noise from 
large wind turbines and measured noise levels. 5th International Conference on Wind Turbine 
Noise 28-30 August 2013; Denver. 

Exclude Conference abstract only 

Arra I, Lynn H. Literature review 2013: Association between wind turbine noise and human 
distress. 2013. 

Exclude Review of previously published articles and presents 
no original findings not already considered in the 
Independent Review and this update. Provides no 
additional evidence on the likely level of exposure to 
emissions, Mechanistic data or any Parallel data 
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CITATIONS OF SUBMITTED LITERATURE CATEGORY REASON 

Association of Australian Acoustical Consultants. Wind farm position statement. Undated. Exclude Position statement; not based on new (or new analysis 
of) systematically collected data 

Aughey, A, Transcript of evidence: Hearing before the Select Committee on Wind Farm 
Developments in South Australia (2013). 

Exclude Legal proceedings; not based on new (or new analysis 
of) systematically collected data 

Australian Wind Energy Assoc. Wind farming, electromagnetic radiation and interference, Fact 
Sheet No. 10. Canberra: Australian Greenhouse Office; undated. 

Exclude Fact sheet; not based on new (or new analysis of) 
systematically collected data 

Australian Wind Energy Assoc. Wind farms and noise, Fact Sheet No. 6. Canberra: Australian 
Greenhouse Office; undated. 

Exclude Fact sheet; not based on new (or new analysis of) 
systematically collected data 

Babisch W. Updated exposure-response relationship between road traffic noise and coronary 
heart diseases: a meta-analysis. Noise Health. 2014;16(68):1-9.  

Exclude Does not provide additional evidence of likely level of 
emissions produced by wind farms, no Mechanistic 
evidence and no Parallel Evidence 

Bakker H, Bennett D, Rapley B, Thorne R. Seismic effect on residents from 3 MW wind turbines. 3rd 
International Meeting on Wind Turbine Noise; 17-19 Jun; Aalborg Denmark 2009. 

Exclude Conference abstract 

Barnard M. [RS] Issues of wind turbine noise. Noise Health. 2013;15(63):150-2.  Exclude Letter; not based on new (or new analysis of) 
systematically collected data 

Bell A. Annoyance from wind turbines: role of the middle ear muscles. Acoustics Aust. 2014;40:60. Exclude Letter, not based on new (or new analysis of) 
systematically collected data 

Bell A. How do middle ear muscles protect the cochlea? Reconsideration of the intralabyrinthine 
pressure theory. J Hearing Sci. 2011;1(2):9-23. 

Exclude Not related to wind farms 

Berglund B, Lindvall T, Schwela D. Guidelines for community noise. WHO, 1999. Exclude Guidelines; not based on new (or new analysis of) 
systematically collected data 

Berglund B, Lindvall T. Community noise. Arch Center Sens Res. 1995;2(1):1-195. Exclude Not based on new (or new analysis of) systematically 
collected data 

Bernert RA, Joiner TE. Sleep disturbances and suicide risk: A review of the literature. 
Neuropsychiatr Dis Treat. 2007;3(6):735-43.  

Exclude Narrative review; not based on new (or new analysis 
of) systematically collected data; no analysis of results 
and no exposures of any relevance to wind turbines 

Bilski B. Factors influencing social perception of investments in the wind power industry with 
analysis of the most significant environmental factor - noise. Pol J Environ Stud. 2012;21(2):289-95. 

Exclude Already considered and either included or excluded 
from the Independent Review 

Black O. Submission to Planning Hearing, Illinois USA. 2009. Exclude Legal proceedings; not based on new (or new analysis 
of) systematically collected data 
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CITATIONS OF SUBMITTED LITERATURE CATEGORY REASON 

Branco NA, Alves-Pereira M. Vibroacoustic disease. Noise Health. 2004;6(23):3-20. Exclude Narrative paper; not based on new (or new analysis 
of) systematically collected data 

Branco NA. Low frequency noise: A major risk factor in military operations. RTO AVT Symposium 
on Ageing Mechanisms and Control; 8-11 October 2001; Manchester, 2001. 

Exclude Narrative review not based on new (or new analysis 
of) systematically collected data; no analysis of results 

Bray W. Relevance and applicability of the Soundscape concept to physiological or behavioural 
effects caused by a noise at very low frequencies which may not be audible. Acoustical Society of 
America 164th Meeting; 26 October 2012; Kansas City 2012. 

Exclude Conference abstract 

Brinckerhoff P. Update of UK Shadow Flicker Evidence Base. Department of Energy and Climate 
Change. 

Background 
Evidence 

Government report; shadow flicker exposure data 

Bronzaft AL. The noise from wind turbines: Potential adverse impacts on children's well-being. Bull 
Sci Technol Soc. 2011;31:256. 

Exclude Already considered and either included or excluded 
from the Independent Review 

Buck S, Palo S, Moriarty P. Application of phased array techniques for amplitude modulation 
mitigation. 5th International Conference on Wind Turbine Noise 28-30 August 2013; Denver. 

Exclude Conference abstract 

Canada Health. Canadian handbook on health impact assessment: Vol. 1. The basics. 2004. Exclude Guidelines; not based on new (or new analysis of) 
systematically collected data 

Cappuccio FP, Cooper D, D'Elia L, Strazzullo P, Miller MA. Sleep duration predicts cardiovascular 
outcomes: a systematic review and meta-analysis of prospective studies. Eur Heart J. 
2011;32(12):1484-92.  

Exclude No evidence on likely level of exposure to emissions 
produced by wind farms; no Mechanistic or Parallel 
Evidence as covers no environmental exposures 
relevant to wind farms 

Chao PC, Yeh CY, Juang YJ, Hu CY, Chen CJ. Effect of low frequency noise on the echocardiographic 
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collected data 

O'Sullivan C. Warning over wind turbine syndrome - Irish Deputy Chief Health Officer. Irish 
Examiner. 3 March 2014. 

Exclude Fact sheet; not based on new (or new analysis of) 
systematically collected data 
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CITATIONS OF SUBMITTED LITERATURE CATEGORY REASON 

Oerlemans S, Sijtsma P, Mendez Lopez B. Location and quantification of noise sources on a wind 
turbine. J Sound Vibration. 2007;299(4):869-83. 

Exclude Relevant to wind turbine performance rather than 
human exposures to wind farm noise or health 
outcomes 

Oerlemans S. An explanation for enhanced amplitude modulation of wind turbine noise. Work 
Package A1. Renewable Energy, U.K. Wind turbine amplitude modulation: Research to improve 
understanding as to its cause and effect: Renewable Energy UK; 2013. 

Exclude Relevant to wind turbine performance rather than 
human exposures to wind farm noise or health 
outcomes 

Ollson CA, Knopper LD, McCallum LC, Whitfield-Aslund ML. [RS] Are the findings of "Effects of 
industrial wind turbine noise on sleep and health" supported? Noise Health. 2013;15(63):148-50.  

Exclude Letter; not based on new (or new analysis of) 
systematically collected data 

Oman C, Paloski WH, Young LR. In Memoriam F. Owen Black, M.D. J Vestibular Res. 2012;22:56. Exclude Not based on new (or new analysis of) systematically 
collected data 

Paller C. Exploring the association between proximity to industrial wind turbines and self-reported 
health outcomes in Ontario, Canada: University of Waterloo; 2014. 

Direct 
Evidence 

Masters Thesis; association between proximity to 
wind turbines and self-reported health effects 

Paller C, Bigelow P, Majowicz S, Law J, Christidis T. Wind turbine noise, sleep quality, and 
symptoms of inner ear problems. Poster. Symposium on Sustainability; 17 October; York 
University, Toronto, 2013. 

Exclude Duplicate data. Poster based on Science Masters 
Thesis by Paller C. 

Pedersen E, Bakker R, Bouma J, van den Berg F. Response to noise from modern wind farms in the 
Netherlands. J Acoust Soc Am. 2009;126:634-43. 

Exclude Already considered and either included or excluded 
from the Independent Review 

Pedersen E, Persson Waye K. Wind turbine noise, annoyance and self-reported health and well-
being in different living environments. Occup Environ Med. 2007;64(7):480-86. 

Exclude Already considered and either included or excluded 
from the Independent Review 

Pedersen E, Persson-Waye K. Perception and annoyance due to wind turbine noise--a dose-
response relationship. J Acoust Soc Am. 2004;116(6):3460-70.  

Exclude Already considered and either included or excluded 
from the Independent Review 

Persinger M. Infrasound, human health and adaptation: An integrative overview of recondite 
hazards in a complex environment. Nat Hazards. 2014;70(1):501-25. 

Exclude Narrative review; not based on new (or new analysis 
of) systematically collected or analysed data 

Persson Waye K, Bengtsson J, Kjellberg A, Benton S. Low frequency noise "pollution" interferes 
with performance. Noise Health. 2001;4(13):33-49.  

Parallel 
Evidence 

Experimental study of low frequency noise on 
cognitive performance and annoyance 

Persson Waye K, Rylander R, Benton S, Leventhall HG. Effects on performance and work quality 
due to low frequency ventilation noise. J Sound Vibration. 1997;205(4):467-74. 

Parallel 
Evidence 

Laboratory pilot exposure study of 50 students 

Persson-Waye K, Clow A, Edwards S, Hucklebridge F, Rylander R. Effects of nighttime low 
frequency noise on the cortisol response to awakening and subjective sleep quality. Life Sci. 
2003;72:863-75. 

Exclude Already considered and either included or excluded 
from the Independent Review 
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CITATIONS OF SUBMITTED LITERATURE CATEGORY REASON 

Phillips C. Properly interpreting the epidemiologic evidence about the health effects of industrial 
wind turbines on nearby residents. Bull Sci Technol Soc. 2011;31:303. 

Exclude Not based on new (or new analysis of) systematically 
collected data 

Phipps R, Amati M, McCoard S, Fisher R. Visual and noise effects reported by residents living close 
to Manawatu wind farms: Preliminary survey results. 2007. 

Exclude Already considered and either included or excluded 
from the Independent Review 

Pierpont N. Wind turbine syndrome and the brain. First International Symposium on the Global 
Wind Industry & Adverse Health Effects: Loss of Social Justice?; 30 October 2010; Picton, Ontario, 
Canada. 

Exclude Full conference paper; narrative review not based on 
new (or new analysis of) systematically collected or 
analysed data 

Pierpont N. Wind turbine syndrome: a report on a natural experiment. Santa Fe, New Mexico: K-
Selected Books; 2009. 

Exclude Already considered and either included or excluded 
from the Independent Review 

PINCHE. Report WP7 Summary PINCHE policy recommendations. Policy Interpretation Network on 
Children’s Health and Environment, 2002. 

Exclude Policy recommendations; not based on new (or new 
analysis of) systematically collected data 

Pohl J, Faul F. Belästigung durch periodischen Schattenwurf von Windenergieanlagen. Kiel, 
Germany: Institut für Psychologie der Christian-Albrechts-Universität zu Kiel, 1999. 

Exclude Not in English 

Portuguese Supreme Court ruling on wind turbines in Quinta. 2013. Exclude Legal proceedings; not based on new (or new analysis 
of) systematically collected data 

Proceedings of the Fourth International Meeting on Wind Turbine Noise. Fourth International 
Meeting on Wind Turbine Noise; 2011; Rome, Italy. 

Exclude Whole conference proceedings; no specific abstract 

Punch J, James R, Pabst D. Wind-turbine noise: what audiologists should know. Audiology Today. 
2010;July/August:20-31. 

Exclude Not based on new (or new analysis of) systematically 
collected data 

Punch J. Review of Crichton et al 2013. Exclude Commentary on a published paper; not based on new 
(or new analysis of) systematically collected data  

Qibai C, Shi H. Technical contribution: An investigation on the physiological and psychological 
effects of infrasound on persons. J Low Freq Noise, Vibr Active Control. 2004;23(1):71-6. 

Background 
Evidence 

Laboratory study in university students 

QLD Health. Coal seam gas in the Tara region: Summary risk assessment of health complaints and 
environmental monitoring data. 2013. 

Exclude Not based on new (or new analysis of) systematically 
collected data 

Rand RW, Ambrose SE, Krogh CME. Occupational health and industrial wind turbines: A case study. 
Bull Sci Technol Soc. 2011;31:359. 

Exclude Not based on new (or new analysis of) systematically 
collected data 

Reider S. Testimony Senate Energy and Natural Resources Committee. Exclude Legal proceedings; not based on new (or new analysis 
of) systematically collected data 
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CITATIONS OF SUBMITTED LITERATURE CATEGORY REASON 

Richarz W, Richarz H, Gambino T. Correlating very low frequency sound pulse to audible wind 
turbine sound. Fourth International Meeting on Wind Turbine Noise; 12-14 April 2011; Rome, 
Italy. 

Exclude Conference abstract 

Robinson S. Mental health impacts of coal seam gas mining (a personal view). Submission to 
Inquiry into Coal Seam gas, NSW. 2011. 

Exclude Not based on new (or new analysis of) systematically 
collected data 

Rushforth I, Moorhouse A, Styles P. A case study of low frequency noise assessed using DIN 45680 
criteria. J Low Freq Noise, Vibr Active Control. 2002;21(4):181-98. 

Exclude Case study, not based on new (or new analysis of) 
systematically collected data 

Salt AN, Hullar TE. Responses of the ear to low frequency sounds, infrasound and wind turbines. 
Hear Res. 2010;268(1-2):12-21.  

Exclude Narrative review; no evidence on noise or other 
emissions from wind turbines 

Salt AN, Kaltenbach JA. Infrasound from wind turbines could affect humans. Bull Sci Technol Soc. 
2011;31:296. 

Exclude Not based on new (or new analysis of) systematically 
collected data 

Salt AN, Lichtenhan J. How does wind turbine noise affect people? Acoustics Today. 2014;10(1):20-
8. 

Exclude Not based on new (or new analysis of) systematically 
collected data 

Salt AN, Lichtenhan J. Perception-based protection from low-frequency sounds may not be 
enough. Inter-noise 2012; 19-22 August; New York City, NY. 

Exclude Animal study 

Salt AN, Lichtenhan J. Responses of the ear to low frequency sounds, infrasound and wind 
turbines. Fourth International Meeting on Wind Turbine Noise; 12-14 April 2011; Rome, Italy. 

Exclude  Narrative paper; not based on new (or new analysis 
of) systematically collected data 

Salt AN, Lichtenhan JT, Gill RM, JJ. H. Large endolymphatic potentials from low-frequency and 
infrasonic tones in the guinea pig. J Acoust Soc Am. 2013;133:1561-71. 

Exclude Animal study 

Salt AN. Can wind turbines be bad for you? Undated. Exclude Not based on new (or new analysis of) systematically 
collected data 

Salt AN. Industrial wind farms generate infrasound. 2010; Available from: 
http://oto2.wustl.edu/cochlea/wt1.html. 

Exclude Not based on new (or new analysis of) systematically 
collected and analysed data 

Schafer A. Macarthur wind energy facility preliminary survey. 2013. Exclude Not based on new (or new analysis of) systematically 
collected data 

Schneider P. Cullerin Range Wind Farm Survey 2012. Exclude Not based on new (or new analysis of) systematically 
collected data 

Schneider P. Cullerin Range Wind Farm Survey follow-up survey July - August 2013. Exclude Not based on new (or new analysis of) systematically 
collected data 
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CITATIONS OF SUBMITTED LITERATURE CATEGORY REASON 

Schomer P, editor. Can wind turbine sound that is below the threshold of hearing be heard? 
Proceedings of Meetings on Acoustics; 2013: Acoustical Society of America. 

Exclude  Not based on new (or new analysis of) systematically 
collected data 

Schomer P, Erdreich J, Boyle J, Pamidighantam P. A proposed theory to explain some adverse 
physiological effects of the infrasonic emissions at some wind farm sites. 5th International 
Conference on Wind Turbine Noise 28-30 August 2013; Denver. 

Background 
Evidence 
 

Full conference paper with some systematically 
collected noise data [Secondary publication to Walker 
2012] 

Schomer P, Parmidighantam P. A critical analysis of: wind turbine health impact study. Report of 
independent expert panel. J Acoust Soc Am. 2013;134:4096. 

Exclude Not based on new (or new analysis of) systematically 
collected data 

SEDA. NSW wind atlas. Undated. Exclude Not based on new (or new analysis of) systematically 
collected data of relevance to wind turbine emissions 
or outcomes 

Seltenrich N. [RS] Wind turbines: a different breed of noise? Env Health Perspectives. 2014;122(1). Exclude Not based on new (or new analysis of) systematically 
collected data 

Seong Y, Lee S, Gwak DY, Cho Y, Hong J, Lee S. An experimental study on rating scale for 
annoyance due to wind turbine noise. 42nd International Congress and Exposition on Noise 
Control Engineering; 15-18 September 2013; Innsbruck, Austria. 

Exclude Laboratory study of wind turbine noise; validating 
noise metrics 

Shain M. Public health ethics, legitimacy, and the challenges of industrial wind turbines: the case 
of Ontario, Canada. Bull Sci Technol Soc. 2011;31:256. 

Exclude Not based on new (or new analysis of) systematically 
collected data 

Shepherd D, Billington R. Mitigating the acoustic impacts of modern technologies: Acoustic, 
health, and psychosocial factors informing wind farm placement. Bull Sci Technol Soc. 
2011;31:389. 

Exclude Narrative paper; no evidence on noise or other 
emissions from wind turbines 

Shepherd D, Hanning C, Thorne B. Windfarms. In: Jørgensen S, editor. Encyclopedia of 
environmental management: Taylor & Francis; 2012. 

Exclude Not based on new (or new analysis of) systematically 
collected data 

Shepherd D, Mcbride D, Welch D, Dirks KN, Hill E. Wind turbine noise and health-related quality of 
life of nearby residents: a cross sectional study in New Zealand. Fourth International Meeting on 
Wind Turbine Noise; 12-14 April 2011; Rome, Italy. 

Exclude Duplicate of data already included in Independent 
Review 

Shepherd D, McBride D, Welch D, Dirks KN, Hill EM. Evaluating the impact of wind turbine noise on 
health-related quality of life. Noise Health. 2011;13(54):333-9.  

Exclude Already considered and either included or excluded 
from the Independent Review 

Shepherd D, Welch D, Dirks KN, McBride D. Do quiet areas afford greater health-related quality of 
life than noisy areas? Int J Environ Res Pub Health. 2013;10(4):1284-303. 

Exclude Wind turbine and outcome findings all taken from 
Shepherd 2011, which was included in the 
Independent Review 
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CITATIONS OF SUBMITTED LITERATURE CATEGORY REASON 

Siponen D. Noise annoyance of wind farms. Research report VTT-R-00951-11. Technical Research 
Centre of Finland, 2011. 

Exclude Narrative paper; not based on new (or new analysis 
of) systematically collected data 

Smith MG, Croy I, Ogren M, Persson Waye K. On the influence of freight trains on humans: a 
laboratory investigation of the impact of nocturnal low frequency vibration and noise on sleep and 
heart rate. PloS One. 2013;8(2):e55829.  

Parallel 
Evidence 

Laboratory study of six subjects: noise and vibration 

Standing Senate Committee on Social Affairs SaT. A healthy, productive Canada: A determinant of 
health approach. Ottawa, Canada: Senate, 2009. 

Exclude Committee report; not based on new (or new analysis 
of) systematically collected data 

Stantec Consulting Ltd. Health effects and wind turbines: A review for renewable energy approval 
(REA) applications submitted under Ontario Regulation 359/09. 2011. 

Exclude Narrative review; not based on new (or new analysis 
of) systematically collected data 

Stantec Consulting Ltd. Ostrander Point wind energy design and operations report. Gilead Power 
Corporation, 2010. 

Exclude Operations report; not based on new (or new analysis 
of) systematically collected data of relevance to wind 
farm emissions or outcomes 

Stigwood M, Large S, Stigwood D. Audible amplitude modulation - results of field measurements 
and investigations compared to psycho-acoustical assessment and theoretical research. 5th 
International Conference on Wind Turbine Noise 28-30 August 2013; Denver. 

Exclude  Conference abstract 

Styles P, Simpson I, Toon S, England R, Wright M. Microseismic and infrasound monitoring of low 
frequency noise and vibrations from wind farms - Recommendations on the siting of wind farms in 
the vicinity of Eskdalemuir, Scotland. Keele, Staffordshire UK: Applied and Environmental 
Geophysics Research Group, Earth Sciences and Geography, School of Physical and Geographical 
Sciences, Keele University, 2005. 

Background 
Evidence 

Systematically collected wind farm noise data 

Superior Court, Falmouth Massachusetts Preliminary Injunction. 2013. Exclude Legal proceedings; not based on new (or new analysis 
of) systematically collected data 

Suter AH. Noise and its effects. Administrative Conference of the United States, 1991. Exclude Narrative review; not based on new (or new analysis 
of) systematically collected data 

Swinbanks M. Peer review of Crichton et al 2013. 2013. Exclude Not based on new (or new analysis of) systematically 
collected data 

Swinbanks MA. Numerical simulation of infrasound perception, with reference to prior reported 
laboratory effects. Inter-noise 2012; 19-22 August; New York City, NY. 

Exclude Simulation study; not systematically collected wind 
farm emission data 

Tachibana H, Yano H, Sakamoto S. Nationwide field measurements of wind turbine noise in Japan. 
42nd International Congress and Exposition on Noise Control Engineering; 15-18 September 2013; 
Innsbruck, Austria. 

Exclude Wind turbine noise survey in Japan (cannot obtain full 
article). [Appears to be linked to Yano study] 
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CITATIONS OF SUBMITTED LITERATURE CATEGORY REASON 

Taylor J, Eastwick C, Lawrence C, Wilson R. Noise levels and noise perception from small and micro 
wind turbines. Renewable Energy. 2013;55:120-27. 

Mechanistic 
Evidence 

Small postal survey of residents around wind turbines 

Taylor J, Eastwick C, Wilson R, C L. The influence of negative oriented personality traits on the 
effects of wind turbine noise. Personality and Individual Differences. 2013;54(3):338-43. 

Direct 
Evidence 

Identified as Direct Evidence in the updated literature 
search 

Tharpaland International Retreat Centre. Three wind farm studies and an assessment of 
infrasound. Submission to the Inquiry into Scottish Government's Renewables Targets 2012. 

Exclude Not based on new (or new analysis of) systematically 
collected data 

Thorne B, Shepherd D. Quiet as an environmental value: A contrast between two legislative 
approaches. Int J Environ Res Pub Health. 2013;10(7):2741-59. 

Exclude Not based on new (or new analysis of) systematically 
collected data 

Thorne B. The problems with ''noise numbers'' for wind farm noise assessment. Bull Sci Technol 
Soc. 2011;31:262. 

Exclude Already considered and either included or excluded 
from the Independent Review 

Thorne B. Wind farm generated noise and adverse health effects: Hearing before the Senate 
Hearing on ‘Excessive Noise from Wind Farms’ Bill (14 November 2012). 

Exclude Not research 

Thorne B. Wind farm noise and human perception: a review. Enoggera, QLD: Noise Measurement 
Services Pty Ltd, 2013. 

Exclude Narrative review; not based on new (or new analysis 
of) systematically collected wind farm emission data 
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recent findings. Acoustics Aust. 2012;40(1):64-6. 

Background 
Evidence 

Presents findings on amplitude modulation 

Trustpower Australia Holdings Pty Ltd. Neighbour deed, Palmer Wind Farm, SA. Undated. Exclude Not based on new (or new analysis of) systematically 
collected data 

Turnbull C, Turner J, Walsh D. Measurement and level of infrasound from wind farms and other 
sources. Acoustics Aust. 2012;40(1):45. 

Background 
Evidence 

Noise survey near wind turbines and other 
environmental sources 

Unit C-KPH. The health impact of wind turbines: A review of the current white, grey, and published 
literature. Chatham, Ontario, Canada: Chatham-Kent Municipal Council, 2008. 

Exclude Narrative review; not based on new (or new analysis 
of) systematically collected wind farm emission data 

US EPA. Noise pollution. Undated; Available from: http://www.epa.gov/air/noise.html. Exclude Information web site: not based on new (or new 
analysis of) systematically collected data 

van den Berg F, Pedersen E, Bouma J, Bakker R. WINDFARM perception: Visual and acoustic 
impact of wind turbine farms on residents. Final report. Groningen: University of Groningen; 
Goeteborg University; University Medical Centre, 2008. 

Exclude Already considered and either included or excluded 
from the Independent Review 

Wagner S. Wind turbine noise. Berlin Heidelberg: Springer; 1996. Exclude Not based on new (or new analysis of) systematically 
collected data 
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Walker B, Hessler G, Hessler D, Rand R, Schomer P. Cooperative measurement survey and analysis 
of low-frequency and infrasound at the Shirley Wind Farm. Wisconsin Public Service Commission, 
2012. 

Background 
Evidence 

Systematically collected wind turbine noise data 

WHO. Burden of disease from environmental noise. Quantification of healthy life years lost in 
Europe. Copenhagen: World Health Organization; 2011. 

Exclude Already considered and either included or excluded 
from the Independent Review 

WHO. Night noise guidelines for Europe. Copenhagen: World Health Organization; 2009. Exclude Already considered and either included or excluded 
from the Independent Review 

Willingale B. Infrasound and low frequency noise in the locomotive cab. 10th International 
Congress on Acoustics; Sydney 1980. 

Exclude Extended conference abstract; not based on new (or 
new analysis of) systematically collected data 

Witthoft M, Rubin GJ. Are media warnings about the adverse health effects of modern life self-
fulfilling? An experimental study on idiopathic environmental intolerance attributed to 
electromagnetic fields (IEI-EMF). J Psychosom Res. 2013;74(3):206-12.  

Parallel 
Evidence 

Small laboratory study not directly about wind farms 

Wolsink M. Planning of renewables schemes: Deliberative and fair decision-making on landscape 
issues instead of reproachful accusations of non-cooperation. Energy Policy. 2007;35:2692-704. 

Exclude Not based on new (or new analysis of) systematically 
collected data 

Xue S. UK Amplitude modulation noise analysis and first look at off-shore wind turbine 
aeroacoustics simulation study. 5th International Conference on Wind Turbine Noise, Denver. 

Exclude Conference abstract 

Yano T, Kuwano S, Kageyama T, Sueoka S, Tachibana H. Dose-response relationships for wind 
turbine noise in Japan. 42nd International Congress and Exposition on Noise Control Engineering; 
15-18 September 2013; Innsbruck, Austria. 

Direct 
Evidence 

Full conference paper [Secondary publication to 
Kuwano 2013] 

Yokoyama S, Sakamoto S, Tachibana H. Study on the amplitude modulation of wind turbine noise: 
Part 2 - Auditory experiments. 42nd International Congress and Exposition on Noise Control 
Engineering; 15-18 September 2013; Innsbruck, Austria. 

Exclude Conference abstract 

Zajamsek B, Doolan CJ, Moreau DJ, Hansen K. Simultaneous indoor low-frequency noise, 
annoyance and direction of arrival monitoring. 5th International Conference on Wind Turbine 
Noise 28-30 August 2013; Denver. 

Background 
Evidence 

Noise levels measured at two households around a 
wind farm at different distances  
[Secondary publication to Doolan 2013] 

Zajamsek B, Moreau D, Doolan C, Hansen K. Indoor infrasound and low-frequency noise 
monitoring in a rural environment. Acoustics; 17-20 November 2013; Victor Harbor, SA. 

Background 
Evidence 

Preliminary assessment of an annoyance testing tool 
based on one case  
[Secondary publication to Doolan 2013] 

Zajamsek B, Moreau DJ , Doolan CJ. Characterising noise and annoyance in homes near a wind 
farm. Acoustics Australia. 2014;42(1):14-9. 

Background 
Evidence 

Identified by ONHMRC shortly after the public 
consultation period  
[Secondary publications to Doolan 2013] 
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Appendix 6 – Data extraction forms for included studies 

See page 36 for Explanatory Notes 

Janssen 2011     

Reference [1] 
Janssen SA, Vos H, Eisses AR, Pedersen E. A comparison between exposure-response relationships for 
wind turbine annoyance and annoyance due to other noise sources. Journal of the Acoustical Society of 
America. 2011;130(6):3746-53. 

Affiliation/source of funds [2]   
Netherlands Organisation for Applied Scientific Research/Funded by the Ministry of Housing, Spatial 
Planning and the Environment of the Netherlands. 

Study design [3]  
Data from 3 previously published 
cross-sectional surveys; 2 from 
Sweden and 1 from the 
Netherlands were combined to 
investigate exposure-response 
relationships between noise and 
annoyance.  
 

Level of evidence [4]  
IV 

Location/setting [5]  
One study in an agricultural 
setting in South Sweden, another 
in a mixture of urban/rural settings 
in Sweden and the third in a 
mixed setting in the Netherlands. 
Proximity/distance:   
Not specified for the two Swedish 
studies, within a 2.5 km radius 
from wind turbines in the 
Netherlands study. 

Exposure description [6]   
Annual day, evening and night A-weighted 
equivalent noise level (Lden) was calculated from the 
wind turbine noise emission data in the original 
3 studies. Assumptions were made about wind 
velocity of 8 m/sec, a neutral atmosphere and noise 
at 10 m height, in line with recommendations by 
European regulatory agencies.  
Wind farm details:  

Not specified in this paper. 
Specific exposure details:  

No new exposure data collected for this analysis. 
Sample size [7]  
1820 participants in total across the 3 studies (341 + 
754 + 725). 

Control(s) description [8] 
No control groups were used in these studies.  

All comparisons were across the Lden exposure 
gradient for the exposed groups. 
Sample size [9]  
N/A 
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Population characteristics [10] 
Exposure group:  
Mean age 51.5 years, 53.6% female, 48.9% noise sensitive, economic benefit 7.6%, visible wind turbine 
74%, rural 45.8% and flat terrain 79.4%. While no formal tests of statistical significance were reported, there 
are some potentially important differences between the three groups. For example, the Dutch study had a 
considerably higher percentage of participants with economic benefit from the wind turbines (14.3%), 
compared with the two Swedish studies (3.0 and 2.7%). Other characteristics where major differences were 
found include turbine visibility, rural location and flat terrain. 

Length of follow-up [11]  
N/A as cross-sectional designs used in these 
studies. 

Outcome(s) measured and/or analyses 
undertaken [12]  
Indoor and outdoor annoyance only. No health 
measures used. Annoyance was measured using a 
1-item self-report scale (4-point scale in the Swedish 
study and a 5-point scale in the Dutch study).  

INTERNAL VALIDITY  
Confounding subscale [13] 
Comment on sources of confounding: 
The population characteristics noted above were 
adjusted for in the models used in the study. 
However, data on some other potentially important 
confounders, such as socioeconomic status, medical 
status, other potential sources of annoyance and 
country, were either not collected or not adjusted for 
in the analyses. Therefore, confounding may have 
affected the results, as annoyance can be influenced 
by a very wide range of demographic, lifestyle, 
health and environmental factors. 
 
Bias subscale [14] 
Comment on sources of bias: 
The major source of bias is participation bias, due to 
the moderate to low participation rates across the 3 
studies. The two Swedish studies had participation 
rates of 68% and 58%, while participation in the 
Dutch study was 37%. In the Swedish studies, 
respondents were not found to differ from the 
population in the study areas on age and gender 
(other characteristics not reported) and early vs late 
respondents were reported not to differ in their 
answers, but no data on this were reported. In the 
Dutch study, 200 non-responders were sent a 
questionnaire about annoyance and 48% responded 
and no differences in annoyance were found 
between this group and the study participants. The 
other likely source of bias is information bias, as all 
outcome and demographic data were self-reported, 
including noise sensitivity and annoyance.  

EXTERNAL VALIDITY 
Generalisability [15]  
While appropriate comparator data for communities 
around wind turbines in Australia are not readily 
available, the demographic characteristics of the 
study sample reported in the study are unlikely to be 
grossly dissimilar from rural communities in 
Australia. However, socioeconomic and cultural 
differences between the European countries and 
Australia are likely to affect generalisability. 
 
Applicability [16] 
These analyses were undertaken using data from 
two European countries (Sweden and the 
Netherlands). As no data were reported in the study 
about wind turbine characteristics in the areas where 
the studies were undertaken, it is not possible to 
assess whether these finding are applicable to the 
Australian setting. Applicability to the Australian 
situation will depend upon the degree of similarity of 
Australian wind turbines with the wind turbines 
included in this research. Other possible reasons 
why applicability may be low is climatic and terrain 
differences between Australia and the two European 
countries and sociocultural differences. 
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Reporting subscale [17] 
Comment on quality of reporting: 
While not all of the questions in the reporting subscale were applicable to this study, those that were 
applicable were generally reported satisfactorily. These include aims and objectives, the annoyance 
outcome which was measured and characteristics of the study population being clearly described. Noise 
emission levels had been collected in the original studies and development of the exposure metrics (based 
on these data) for the analyses in this paper were well described. Reporting of the findings was generally 
satisfactory, although beta coefficients are used with no confidence intervals and just a note of whether they 
were statistically significant (p< 0.05). Exposure-response relationships were clearly presented in a series of 
figures. 

Chance [18] 
As there was only one outcome – annoyance (although this was for annoyance both inside and outside, so 
two variables) – and only one exposure measure (Lden), there was not an excessive number of analyses in 
the paper, which reduces the potential for chance to explain the associations found. 

Overall quality assessment (descriptive) [19]  
The design of this pooled study had some strengths over much of the other published epidemiological wind 
turbine research, such as having a clear and limited set of specific objectives, the large sample size of 1820 
participants, acceptable recruitment rates in the two Swedish studies (however, not in the Dutch study), 
robust exposure metrics based on measured data and high quality reporting in the paper. Conversely, there 
were some weaknesses, such as the cross-sectional design, using non-validated self-report outcome 
measures of annoyance and noise sensitivity, pooling data from 3 different studies from 2 different countries 
(with inevitable differences in methods used, although these are small) and lack of data on potentially 
important factors which may influence annoyance. Therefore, confidence in the results is considered 
moderate. 

RESULTS 

Adverse effect outcomes [20] 

 
This table shows that in the adjusted models there was a small positive association between noise level and 
indoor annoyance. There was significant variability between the three studies, with lower annoyance in the 
Swedish studies. Visibility of the wind turbines had a considerably stronger positive effect than for the noise 
level, while self-reported noise sensitivity was only weakly associated with noise. Annoyance was found to 
be strongly reduced for economic benefit. A similar pattern of associations was found for outdoor 
annoyance. Repeating the analyses, taking out those who did not benefit economically and not taking the 
individual study effects into account, resulted in a steeper slope of the relationship between noise and 
annoyance for both indoors (B = 5.50) and outdoors (B = 5.48).  

 
014103



 

102 

 
This figure demonstrates the shape of the dose-response curve for those defined as annoyed and those 
highly annoyed. This shows that noise levels up to about 35 dB caused almost no annoyance for both 
indoors and outdoors. The authors estimated that an Lden of 45 dB resulted in 12% annoyed participants 
indoors and 26% annoyed participants outdoors. It should be noted that the numbers of highly annoyed 
participants indoors and outdoors were very small (specific numbers not reported) and this, coupled with 
small numbers exposed above 45 dB, resulted in wide error bars at the higher noise levels.  

Exposure group [21]  
Indoor annoyance > 
50% (the definition of 
‘annoyed’ used in the 
study) was only 4.2%. 
Outdoor annoyance > 
50% was higher at 8.7% 

Control group [22]  
N/A 

Measure of effect / 
effect size [23]  
95% CI [25]  
Adjusted Beta coefficient 
for indoor annoyance 
and Lden was 3.65 
(p < 0.05)   
Adjusted Beta coefficient 
for outdoor annoyance 
and Lden was 3.85 
(p < 0.05)   

Harms (NNH) [24]  
95% CI [25]  
For both indoors and 
outdoors, a 1 dB 
increase in Lden was 
estimated to increase 
annoyance by about 
three points on a 
100-point scale. No 
confidence intervals or 
p-values given. 

Public health importance (1–4) [26] 
It is difficult to apply the rating scale on page 23 of 
the NHMRC Guidelines, as it is not suitable for this 
type of study and it is difficult to consider annoyance 
in terms of a ‘clinically important benefit’. The paper 
does not address the duration or likely impacts of 
increased annoyance at higher noise levels from 
wind turbines. Therefore the public health 
importance of annoyance from wind turbines, based 
on the findings from this study, is unclear. 

Relevance (1–5) [27] 
It is difficult to apply the rating scale on page 27 of 
the NHMRC Guidelines, as it is not suitable for this 
type of non-intervention study and annoyance has 
been investigated, rather than ‘patient-relevant 
outcomes’. A more important consideration of 
relevance is how these findings might apply to the 
wind turbine situation in Australia, such as proximity 
of communities, types of wind turbines, measured 
noise levels and sociocultural differences in what 
constitutes annoyance compared with Europeans. 

Comments [28]  
The authors have also attempted to compare annoyance levels related to noise from wind turbines with 
noise from other environmental sources; aircraft, road and rail. The authors suggested that annoyance is 
higher from wind turbines compared with the other sources at similar noise levels, but no details are given on 
the methods used and derivation of the data for the other sources of noise, so such comparisons must be 
treated with considerable caution. This is the weakest part of this paper. 
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Kuwano 2013     

Reference [1] 
Kuwano S, Yano T, Kageyama T, Sueka S, Tachibana H. Social survey on community response to wind 
turbine noise in Japan. 42nd International Congress and Exposition on Noise Control Engineering, Innsbruck, 
Austria, 15-18 September 2013.

Affiliation/source of funds [2]  
Osaka University, Japan; Kumamoto University, Japan; Oita University of Nursing and Health Sciences, 
Japan; Sueoka Professional Engineer Office, Japan;  Chiba Institute of Technology, Japan. Funding from the 
Ministry of the Environment of Japan (Project No. S2-11). 

Study design [3]  
Cross-sectional survey  
 

Level of evidence [4]  
IV 
 

Location/setting [5]  
Japan  
Proximity/distance:  
Not reported in present paper 
(see Yano 2013) 

Exposure description [6] 
Wind farm details: 
36 ‘target sites’ were identified with audible wind 
turbine noise from Hokkaido to Okinawa, Japan. 
Details of wind farm installations not provided (see 
Yano 2013). 
Specific exposure details:  

Not reported in present paper (see Yano 2013: 
Average sound pressure 26-50 dB). 
Sample size [7]  
747 respondents in ‘target site’ areas were 
approached by door knocking, of whom 49% 
participated (n=~ 366, calculated). 

Control(s) description [8] 
Residents at 16 control sites where wind turbine 
noise is inaudible and no turbines were visible. 
Sample size [9]  
332 control site respondents were approached by 
door knocking, of whom 45% responded (n= ~145, 
calculated). 

 
014105



 

104 

Population characteristics [10] 
Exposure group 
Approximately equal sex ratio, with approximately 80% over 50 years of age (and approximately 30% over 
70). Statistical tests for differences between exposed and control group demographics not mentioned. 

 
 
 

Length of follow-up [11]  
N/A as cross-sectional study design used.  
 

Outcome(s) measured and/or analyses 
undertaken [12] 
Self-reported satisfaction with living environment 
(shopping convenience, transportation, amount of 
greenery, clean air, quietness and public facilities). 
Self-reported degree of annoyance of road traffic 
noise, aircraft noise, high-speed train (Shinkansen) 
noise, conventional train noise, noise from factories, 
construction noise and wind turbine noise (5 step 
categories). 
Self-reported trouble with sleep.  
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INTERNAL VALIDITY  
Confounding subscale [13] 
Comment on sources of confounding: 
No confounders are identified by the authors, 
however few demographic variables are reported 
and differences not tested statistically.  
Bias subscale [14] 
Comment on sources of bias: 
Poor response rate indicates potential for selection 
bias. Blinding is not mentioned but very general 
nature of survey questions appears to indicate that 
respondents may have been blinded to purpose, 
possibly reducing potential for selection bias. 

EXTERNAL VALIDITY 
Generalisability [15]  
Cross-sectional survey limits ability to determine 
causality. Elderly residents over-represented in 
sample, limits generalisability to younger age groups 
and broader population. Likely that Japanese 
expectations of local amenity are dissimilar to 
Australian expectations. 
Applicability [16] 
Population density in wind turbine areas surveyed 
not clear but likely more dense than wind turbine 
areas in Australia which are typically rural and 
relatively sparsely populated. Likely differences in 
background noise and sound paths due to different 
environments. 

Reporting subscale [17] 
Comment on quality of reporting: 
Key details unreported, for example full description of the wind turbine and control areas (urban/rural, 
population density), numerical results not provided (predominantly histograms only), tests of statistical 
significance and detailed recruitment methodology.  

Chance [18] 
N/a, no statistical tests for differences.  

Overall quality assessment (descriptive) [19]  
There is potential for misclassification of exposure (duration of exposure not quantified), sample selection 
bias (low response rate) and confounding. Survey design does not permit authors to definitively link 
outcomes to wind turbine noise exposure.  

RESULTS 

Adverse effect outcomes [20] 
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Statistical tests not reported by satisfaction with living environment metrics, however the authors highlight a 
difference between satisfaction with quietness between wind turbine sites and control sites.  

 
 
Statistical tests not reported, but more control site respondents reported no concerns with noise compared 
with wind turbine site respondents and more wind turbine site respondents reported that wind turbines were 
the most annoying sound in their environment. However, more wind turbine respondents also nominated 
road traffic noise or “other” noise as their most annoying noise suggesting that wind turbine areas surveyed 
may have a different overall noise profile compared with control areas. 
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Statistical tests not reported but somewhat more wind turbine site respondents reported trouble with sleep. 
More wind turbine site respondents also did not answer this question. Wind turbine site respondents who 
had trouble sleeping were reportedly more likely to identify noise as the reason. However, what type of noise 
was apparently not investigated and earlier questions indicated that this group were troubled more than 
control groups by other types of noise as well as wind turbine noise. 

Exposure group [21]  
See ‘Adverse effect 
outcomes’ [20]. 

Control group [22]  
See ‘Adverse effect 
outcomes’ [20]. 

Measure of effect / 
effect size [23]  
95% CI [25]  
No effect measures 
presented and no 95% 
CIs 

Harms (NNH) [24]  
95% CI [25]  
N/A 

Public health importance (1–4) [26] 
It is difficult to apply the rating scale on page 23 of 
the NHMRC Guidelines, as it is not suitable for this 
type of study, where many outcomes have been 
measured, but given the limitations of this research, 
the lowest ranking (4) seems most appropriate. 

Relevance (1–5) [27] 
It is difficult to apply the rating scale on page 27 of 
the NHMRC Guidelines, as it is not suitable for this 
type of non-intervention study, but given the 
limitations of this research, the lowest ranking (5) 
seems most appropriate. 
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Comments [28]  
This cross-sectional survey does not permit any conclusions about causation and it is unclear whether the 
reported differences between control and exposed groups are associated with wind turbine noise. Survey 
design does not associate reported outcomes to wind turbine noise and the overall noise profile of control 
areas and wind turbine areas may be systematically different in other ways. Lack of statistical testing makes 
it difficult to determine if differences between control and exposed groups are likely to be due to chance. Low 
recruitment rate indicates possibility for recruitment bias and over-recruitment of elderly residents limits 
generalisability to broader population. Context poorly described but likely to be very different to the 
Australian context of wind turbine exposure, limiting generalisability to the Australian context. 
This study has very limited capacity to inform the assessment of wind turbine noise of adverse health effects. 

Abbreviations: NR = not reported; NC = not calculable; N/A = not applicable 

 

McBride 2013     

Reference [1] 
McBride D, Shepherd D, Welch D, Dirks K. A longitudinal study of the impact of wind turbine proximity on 
health related quality of life. 42nd International Congress and Exposition on Noise Control Engineering, 
Innsbruck, Austria, 15-18 September 2013 

Affiliation/source of funds [2]  
Department of preventive and Social Medicine, University of Otago, NZ 
Department of Psychology, School of public Health, Auckland University of Technology, NZ 
School of Population Health, The University of Auckland, NZ 
Funding source not given.  

Study design [3]  
Repeated cross-sectional study 
(using the same design as an 
earlier study conducted in this 
community in 2010, but a different 
sample of the population). 
 

Level of evidence [4]  
IV 
 

Location/setting [5] 
Makara Valley, New Zealand; hilly 
terrain with long ridges 250-450 m 
above sea level. 
Proximity/distance:  
Exposed participants in dwellings 
<2 km from nearest wind turbine; 
non-exposed controls resided 
(n = 250 homes) >10 km from 
turbine installation. 
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Exposure description [6] 
Wind farm details:  

66 turbines (Siemens SWT-2.3-82 VS) 
Turbine height =125 m 
Rotor diameter =82 m 
Specific exposure details: 
Measured L95(10mins) Typical noise exposure range 
20 dB(A) to 54 dB(A)   

Sample size [7]  
Not stated. Present sample not same as 2010 
survey. 

Control(s) description [8] 
Selected from 250 homes located in a 
socioeconomically and geographically matched area 
differing from the exposure group only by distance 
from wind turbines (≥ 10 km). 
Sample size [9]  
Not stated. Present sample not same as 2010 
survey (Shepherd, 2011). 
Shepherd 2011  
Shepherd D, et al. Evaluating the impact of wind 
turbine noise on health-related quality of life. Noise & 
Health 2011;13(54):333-9, doi: 10.4103/1463-
1741.85502. 

Population characteristics [10] 
Exposure group:  
The exposure group recruited from population of residents of 56 dwellings in the Makara Valley which were 
within a 2 km radius of a single wind turbine. Recruitment rate and actual number of respondents included in 
analysis were not stated. Noise measurements indicated sound levels between 20 dB(A) and 54 dB(A). 
Amplitude modulation effects were identified by independent investigation.  

Length of follow-up [11]  
n/a, cross-sectional study. A 2-year follow-up of a 
previous cross-sectional survey of the same 
community (different sample). 

Outcome(s) measured and/or analyses 
undertaken [12]  
The WHOQOL-BREF (26 item version) measured 
physical (7 items), psychological (6 items), and 
social (3 items) HRQOL, an additional eight item 
domain measuring environmental QOL and 
2 ‘generic’ items asking about general health and 
overall quality of life. Two amenity items were 
included. 

INTERNAL VALIDITY  
Confounding subscale [13] 
Comment on sources of confounding: 
Detail about recruitment, selection and matching not 
provided in present report, however the methodology 
was presumably common to the 2010 survey and a 
number of limitations were evident in Shepherd 2011 
which indicated possible confounding. For example, 
unequal distribution of some baseline characteristics 
between groups, not statistically significant. 
Socioeconomic and geographic matching was 
undertaken and adjustment by length of residence. 
Unclear whether there was any clustering effect of 
responses as two questionnaires delivered to each 
household or if clustering was accounted for in 
analysis. Plausible confounders not addressed, i.e. 
age, education, chronic disease and risk factors for 
chronic disease, occupation, employment, 
background noise, and turbine visibility (see 
Shepherd 2011). 

EXTERNAL VALIDITY 
Generalisability [15]  
Survey sample members were either within 2 km of 
a turbine (exposed) at least 10km from a turbine 
installation (non-exposed); potential for demographic 
differences between the exposed and control 
populations. Difficult to assess on basis of limited 
information provided about recruitment process and 
recruitment rates. 
Applicability [16] 
Unknown whether the population characteristics and 
the wind turbine exposures of those living near wind 
farms in New Zealand are comparable to those living 
near wind farms in Australia.  
Authors note that “NZ wind farms are often situated 
in complex terrain” typical NZ terrain is generally 
dissimilar to terrain in most parts of Australia. 
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Participants were blinded to study purpose in original 
survey but authors acknowledge participants 
possibly unblinded in present survey due to publicity 
associated with original survey. 
Bias subscale [14] 
Comment on sources of bias: 
Response bias may be present. Insufficient detail 
about recruitment process and recruitment rate to 
evaluate. Response rates in 2010 survey were poor 
(see Shepherd, 2011). Response bias self-selection 
may have been more likely in 2012 survey than in 
2010 survey because blinding to purpose of the 
study likely less effective.  
Authors report that five comparison group 
respondents were excluded because they were 
multivariate outliers (as defined by extreme 
Mahalanobis distances), with response set 
acquiescence clearly evident in all five cases. 
Without knowing the actual number of control 
participants it is unclear how large a proportion of 
the control group these five represent. 

Reporting subscale [17] 
Comment on quality of reporting: 
Certain key details not reported, for example the recruitment rate and total number of exposed and 
comparison group participants. 

Chance [18] 
No mention of statistical adjustments for chance. 

Overall quality assessment (descriptive) [19]  
High probability of exposure misclassification (exposure time not well-defined), sample selection bias (if 
response rate similar to 2010 survey, approximately 34%), and confounding. There is also the potential for 
outcome misclassification (amenity questions apparently not validated instruments) and recall bias (unclear if 
blinding to study purpose was effective, likely to have been less effective than in 2010). Potential lack of 
blinding to study purpose would plausibly increase selection bias, favouring recruitment of concerned 
individuals. 
In the context of this review, this study is considered poor quality. 
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RESULTS 

Adverse effect outcomes [20] 

There was little difference evident in WHOQOL scores among exposed (Makara) residents in 2010 and 
2012. In the current survey, exposed residents scored significantly lower (i.e. poorer) than (2012) control 
residents in the physical domain (Mann-Whitney U test p=0.043). Examination of individual WHOQOL 
questions revealed that exposed residents scored significantly lower (i.e. poorer) on the question, “how 
satisfied are you with your health.” (p = 0.020). 
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Answers to the amenity questions indicated no significant difference in scores over time, however there was 
a significant decrease in amenity in the control group over time (p = 0.034) 

Exposure group [21]  
See ‘Adverse effect 
outcomes’ [20]. 

Control group [22]  
See ‘Adverse effect 
outcomes’ [20]. 

Measure of effect / 
effect size [23]  
95% CI [25]  
See ‘Adverse effect 
outcomes’ [20]. 

Harms (NNH) [24]  
95% CI [25]  
Health effects not 
reported. 

Public health importance (1–4) [26] 
It is difficult to apply the rating scale on page 23 of 
the NHMRC Guidelines, as it is not suitable for this 
type of study, where many outcomes have been 
measured, but given the limitations of this research, 
the lowest ranking (4) seems most appropriate. 

Relevance (1–5) [27] 
It is difficult to apply the rating scale on page 27 of 
the NHMRC Guidelines, as it is not suitable for this 
type of non-intervention study, but given the 
limitations of this research, the lowest ranking (5) 
seems most appropriate. 
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Comments [28]  
This cross-sectional study, although it replicates a previous cross-sectional study in the same community, 
does not permit conclusions regarding causality. Therefore, it is unknown if the exposure preceded the self-
reported health and amenity outcomes. Also, given that the outcomes are based on self-report, it is plausible 
that pre-existing opinions about the turbine installation in question and/or about wind turbines in general may 
have influenced participant recruitment and/or self-reported outcomes. Differences between groups were 
small and potentially influenced by factors other than exposure to the turbine, given that other confounders 
were not taken into account in the analysis. 
Follow up of individuals in comparison to communities would have been more beneficial.  
This study has limited capacity to inform the assessment of wind turbine noise as a cause of adverse health 
effects. 

 Abbreviations: NR = not reported; NC = not calculable; N/A = not applicable 

 

Mroczek 2012     

Reference [1] 
Mroczek B, Kurpas D, Karakiewicz B. Influence of distances between places of residence and wind farms on 
the quality of life in nearby areas. Annals of Agricultural and Environmental Medicine. 2012;19(4):692-6. 

Affiliation/source of funds [2] 
Public Health Department, Pommeranian Medical University, Szczecin, Poland 
Family Medicine Department, medical University, Wroclaw, Poland 
Public Higher medical Professional School, Opole, Poland 

Study design [3]  
Cross-sectional survey 
 

Level of evidence [4]  
IV 

Location/setting [5] Northern 
Poland, the Mazurian, Greater 
Poland and Lower Silesian 
Province, Podlaskie Province and 
Sub-Carpathian Province 
Proximity/distance: People living 
less than 700 m, 700-1000 m and 
greater than 1500 m from wind 
farms 

Exposure description [6] 
Wind farm details:  

No details of wind farms provided except that there 
were 34 wind farms in Northern Poland; the 
Mazurian, Greater Poland and Lower Silesian 
Province had 12 wind farms; Podlaskie Province had 
11 and Sub-Carpathian Province had 9 wind farms.  
Specific exposure details:  
Sample size [7]  
1277 respondents (703 women and 574 men) 

Control(s) description [8] 
No non-exposed groups were included in the study. 
Sample size [9]  
N/A 
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Population characteristics [10] 
Exposure group: The mean age was 45.54±16.1 years (18-94).  

Five exposure groups were described by the distance from the responders house to a wind farm: 
Distance 1: below 700 m; Distance 2: 700 m - 1000 m; Distance 3: 1000 m - 1500 m; Distance 4: more than 
1500 m; Distance 5: knows nothing about the plans of wind farm construction.  

Length of follow-up [11] N/A 
 

Outcome(s) measured and/or analyses 
undertaken [12] The respondents assessed their 
health through answering questions in SF-36 and 
VAS. SF-36 divided up into 8 sub-scales: 

Physical functioning (PF) 
Role-functioning physical (RP) 
Bodily pain (BP) 
General health (GH) 
Vitality (V) 
Social functioning (SF) 
Role functioning emotional (RE) 
Mental health (HE)  

INTERNAL VALIDITY  
Confounding subscale [13] 
Comment on sources of confounding: 
Plausible confounders that were not addressed 
included SES factors, chronic diseases and risk 
factors for chronic diseases and occupation.  
Bias subscale [14] 
Comment on sources of bias: 
Unknown whether respondents influenced by renting 
their land for wind farm construction and use. 
Response rate not given and distance was used as 
a crude surrogate for noise and visual exposure of 
wind turbines. 

EXTERNAL VALIDITY 
Generalisability [15]  
Subjects were randomly chosen using a two stage 
sampling technique. Results may be generalisable to 
responders only. 
Applicability [16] 
Unknown whether the population characteristics and 
wind turbine exposure of those living around wind 
turbines in Poland are comparable to those living 
near wind farms in Australia. 
 

Reporting subscale [17] 
Comment on quality of reporting: 
Overall good reporting of results but lack of data on non-responders, participant characteristics such as 
chronic disease status and SES. 

Chance [18] Chance findings due to multiple statistical testing cannot be excluded.  

Overall quality assessment (descriptive) [19] Overall the use of the SF-36 and VAS as tools for Quality of 
Life (QoL) was well described. However, exposure assessment was crudely described by distance groups, 
no information was given regarding non-responders, subjects were not blinded and whether responders 
were renting land to the wind farm operators. 
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RESULTS 

Adverse effect outcomes [20] 
It was found that the distance between a place of residence and a wind farm had an effect on the QoL, 
where the closer the house to a wind farm the higher the QoL. The detailed results are as follows: 

 
Of the eight aspects of QoL evaluated in the survey (Table 1), results indicated that respondents rated their 
physical functioning (PF subscale) higher than other aspects of QoL and they rated their general health (GH 
subscale) lower than other aspects of QoL. 

 
Table 3 reports the proportion of respondents within each distance category who scored less than or equal 
to 4 on each QoL subscale. Low QoL scores (</=4) were most common on the general health (GH) subscale 
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and did not appear to be influenced by distance and was similar for men and women.  

 
Each quality of life area was evaluated separately using analysis of variance (ANOVA) (results for role-
physical, mental health and vitality were reported, see Table 4) and the authors reported that distance to 
wind farm was a statistically significant predictor of self-reported QoL scores within the role-physical (RP), 
mental health (MH) and vitality (V) subscales (p < 0.05).  
Post-hoc analysis using a Tukey test for unequal group sizes found no significant differences between 
groups in the QoL scores within the role-physical (RP), mental health (MH) and vitality (V) subscales 
between distance groups. The Tukey test found that people living more than 1,500 m from a wind farm 
assessed their vitality (V) significantly lower than those living in the closest distance from a wind farm 
(p < 0.05) and respondents living in the closest distance from a wind farm assessed mental health QoL (MH) 
significantly higher than to those living from 1,000 m - 1,500 m or more from a wind farm (p < 0.05 in both 
cases).  
Distance to wind farm was associated with reported social functioning (SF) QoL and the role functioning-
emotional (RE) QoL (p<0.05). Multiple comparison test showed that people living within the distance of 
1,000 m - 1,500m or more from a wind farm assessed their social functioning (SF) QoL significantly lower 
than those living closer, and those who did not know about the plans for construction of a wind farm (all 
p < 0.05).  
Statistically significant differences in the QoL scores within other subscales were not found between other 
groups of respondents with reference to the distance between a place of residence and a wind farm.  
Regression analysis was also performed to estimate the parameters of a model describing the QoL 
perception with reference to socio-demographic and health variables (including whether respondents 
worked, learned or had a farm) within the particular subscales, however those variables that were 
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statistically significant had only limited influence on how respondents perceived their QoL.  
Overall, those living in the immediate neighbourhood of wind farms assessed their QoL higher than those 
living further away and the authors acknowledge that confounders (such as personal gain from nearby wind 
farm development) which were not assessed in this research project may have influenced the results. 

Exposure group [21]  
See ‘Adverse effect 
outcomes’ [20] 

Control group [22]  
See ‘Adverse effect 
outcomes’ [20] 

Measure of effect / 
effect size [23]  
95% CI [25] 
 See ‘Adverse effect 
outcomes’ [20] 

Harms (NNH) [24]  
95% CI [25]  
See ‘Adverse effect 
outcomes’ [20] 

Public health importance (1–4) [26] 
It is difficult to apply the rating scale on page 23 of 
the NHMRC Guidelines, as it is not suitable for this 
type of study, but given the limitations of this 
research, the lowest ranking (4) seems most 
appropriate. 

Relevance (1–5) [27] 
4: evidence of an effect on proven surrogate 
outcomes but for a different intervention and 
population. 

Comments [28] This study was cross-sectional in design and does not permit any conclusions regarding 
causation between QoL and wind farms. The finding that QoL was inversely related to distance of home from 
a wind farm was unconvincing given the lack of data regarding responders living near wind farms receiving 
rent from wind farm operators. Other bias and confounders were not addressed and this study has limited 
capacity to inform the assessment of wind turbine noise as a cause of adverse health effects.  

Abbreviations: NR = not reported; NC = not calculable; N/A = not applicable 

 

Paller 2014     

Reference [1] 
Paller, C. Exploring the association between proximity to industrial wind turbines and self-reported health 
outcomes in Ontario, Canada. Master of Science Thesis; 2014. 

Affiliation/source of funds [2]  
University of Waterloo, Ontario, Canada 
Funded by Ontario Research Chair in Renewable Energy Technologies and Health 
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Study design [3]  
Cross-sectional study undertaken 
between February and May 2013. 
 

Level of evidence [4]  
IV 
 

Location/setting [5] 
Wind farms in Ontario, Canada 
Proximity/distance: 
The mean self-reported distances 
of survey respondents to wind 
farms was 2.78 km ±3.95 km 
(range 0.4 m - 55,000 metres). 
The mean calculated distance 
from residence to the closest 
industrial wind turbine was 
4.52 km ±4.42 km (range 
316 m - 22,661 m), therefore 
participants underestimated by 
about 1.6 km their distance from 
the wind farms. 

Exposure description [6] 
Wind farm details:  

The largest wind farm in each of eight counties in 
Ontario. Number of turbines ranging from 18-110 
turbines per farm and turbine installed capacity 
ranging from 1.5 MW to 2.3 MW. 
Specific exposure details:  

Exposure was assessed by calculated distance to 
nearest turbine from each respondent’s home, using 
geocoding (ArcGIS). Distances were ranked by 
percentile (1st percentile – 100th percentile) and then 
divided into 4: quartile 1<25th percentile, quartile 2 
<50th, quartile 3 <75th and quartile 4 <100th 
percentile. From these quartiles, four setback groups 
were created. In addition, self-reported distances to 
nearest wind turbine were compared to calculated 
distances using ArcGIS. 
Sample size [7]  
The survey questionnaire was sent to 4,876 
residences (i.e. sum of houses, apartments and 
farms), including one reminder, with 412 returned 
(8.45% response rate) of which only 396 (8.12%) 
were included in the analysis because 16 did not 
include an address. Only those residences which did 
not opt out of receiving unaddressed mail could be 
approached; 86.8% of the total eligible population. 
Response rates varied by county between 6.9% and 
12.4%.  

Control(s) description [8] 
No non-exposed groups were included in this study. 
The reference group for the analyses was the group 
in the quartile furthest away from the wind farms, 
based on calculated distance. 
Sample size [9]  
N/A 
 

Population characteristics [10] 
Exposure group:  
The questionnaire collected the following possible confounding factors; age, gender, county, marital status, 
income and education level, but only some were used for adjustment in some analyses.  
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Length of follow-up [11]  
N/A 
 

Outcome(s) measured and/or analyses 
undertaken [12]  
Pittsburgh Sleep Quality Index (PSIQ) 
SF-12 
The Satisfaction with Life Scale (SWLS) 
Wind Turbine Syndrome (WTS) Index using 8 
questions drawn from the Quality of Life and 
Renewable Energy Technologies Study survey. 
Frequency of the following symptoms in the past 
month: headache, irritability, concentration problems, 
nausea, vertigo, undue tiredness, tinnitus. 
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INTERNAL VALIDITY  
Confounding subscale [13] 
Comment on sources of confounding: 
Age, gender and county were used for adjustment in 
some analyses, but not the other collected 
demographic information (education, income, marital 
status) and no other potential lifestyle, health or 
environmental confounders.  
Confounding is likely to have affected the results, as 
many of the outcomes used, such as quality of life, 
symptomatology, sleep and life satisfaction are 
influenced by a very wide range of demographic, 
lifestyle, health and environmental factors. 
Bias subscale [14] 
Comment on sources of bias: 
The major source of bias is participation bias, due to 
the very low participation rate, which averaged 
8.45% across the eight counties. While there was an 
attempt to assess degree of likely response bias in 
two ways, neither method was very convincing, as 
neither comparison involved the non-responders. 
The first method involved comparing the responders 
with the whole population in the county and large 
differences were found on many demographic 
characteristics, but the approached population would 
not be representative of the whole County 
population, so this isn’t very meaningful. The other 
method of trying to assess participation bias was to 
compare the participants from the two counties with 
the highest (12.4%) and lowest (6.9%) participation 
rates. Many of the factors were similar, but some 
large differences were found (e.g. tinnitus 
prevalence, SF-12 and WTS prevalence, often in 
different directions), it is difficult to interpret this in 
relation to the impact of any response bias, as both 
counties had very low participation rates. If one 
county had a very high participation rate, these 
results would have been more meaningful. The other 
likely source of bias is information bias, as the self-
reported distance from the nearest wind farm was 
grossly underestimated. No blinding was possible. 

EXTERNAL VALIDITY 
Generalisability [15]  
The study sample had a median age of 56 years, 
52% male, 79% married, median income of $60,000 
and 59% having undertaken post-secondary 
education. No other demographic or other 
characteristics for the study sample were reported. 
While appropriate comparator data for communities 
around wind farms in Australia are not readily 
available, the demographic characteristics of the 
study sample are unlikely to be grossly dissimilar 
from rural communities in Australia. A more 
important point which is likely to affect 
generalisability is the low participation rate of the 
study sample and the high likelihood that it is 
unrepresentative of the community around wind 
farms. 
Applicability [16] 
The study was undertaken in Canada and the 
researcher chose the largest wind farms in each 
county around which to undertake this study. These 
farms contained a wide variety of wind turbines 
(Table 2), with varying size, manufacturer and 
number of turbines in the wind farm ranging from 
18 to 110. Applicability to the Australian situation will 
depend upon the degree of similarity of Australian 
wind farms with the wind farms included in this 
research. Other possible reasons why applicability 
may be low is differences in local terrain around the 
wind farms between Australia and Canada and 
proximity of surrounding residences. 
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Reporting subscale [17] 
Comment on quality of reporting: 
While not all of the questions in the reporting scale were applicable to this study, those that were applicable 
were generally reported satisfactorily. These include aims/objectives, main outcomes which were measured 
and characteristics of the study population being clearly described. Other aspects of the study, such as 
exposure (calculated distance only) and principal confounders were less well described or ignored. 
Reporting of the findings and random variability were very poorly described, with an absence of measures of 
risk or 95% confidence intervals, the overuse of p-values and the reporting of regression analyses, without 
the presentation of the descriptive data on which the regressions were based. Distance-response 
relationships, while shown in figures for some outcomes, were also not adequately investigated or reported. 

Chance [18] 
There were many analyses conducted, including analyses comparing across the individual wind farms (e.g. 
Table 13), although not all of the analyses which were undertaken were reported in this thesis. The findings 
for outcomes where associations were found, such as for  PSQI, vertigo and tinnitus, were reported in the 
Tables, but the findings related to outcomes for which no associations were found were generally not 
reported in Tables. In addition, when a summary measure was analysed and no association with distance 
was found, variables which made up the summary measure were then analysed, for example the WTS index 
was found not to be related to distance, so the 8 variables which make up that index were analysed 
individually, so increasing the number of analyses. Therefore, taking into account all of these factors, it was 
difficult to determine the total number of analyses, but this is likely to have been very high given the number 
of wind farms, the number of outcome measures and their component variables. No correction for multiple 
comparisons was undertaken. Therefore, chance cannot be excluded as an explanation for at least some of 
the associations found. 

Overall quality assessment (descriptive) [19]  
While the design of this study had some strengths over much previous epidemiological research related to 
the study of wind farms and health outcomes (e.g. including several wind farms, trying to recruit a large 
population, using some validated instruments (e.g. the SF-12), some other parts of the study design and 
some aspects of the execution were poor on several levels. These included the very low participation rates 
across the different counties, the lack of any exposure data apart from calculated distance, the use of some 
non-validated instruments (e.g. symptom reporting and the WTS index), lack of data on potentially important 
confounders, multiple comparisons and selective reporting of results. Therefore, confidence in the results is 
considered low. 
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RESULTS 

Adverse effect outcomes [20] 
The main reported outcomes are: 
Association between the logarithm of distance and PSQI, with sleep improving with greater distance from the 
wind farm (adjusted R-Squared value of 0.08 and p-value of 0.01 for the adjusted model were the only ways 
that these findings were presented). 
Association between logarithm of distance and vertigo, with vertigo worse among participants living closer to 
the wind farm (adjusted R-Squared value of 0.11 and p-value of < 0.001 for the adjusted model were the 
only ways that these findings were presented). 
Distance-response relationships were presented for those outcomes shown to be associated with the 
logarithm distance (PSQI and vertigo) or close to being statistically significant (tinnitus p = 0.08). One 
example is given below, which shows that the PSQI drops more rapidly at closer distances to the wind farm: 

 
Figure 10: PSQI ln_dist Relationship (P=0.01). Graph shows modeled mean and upper and lower 95% 
confidence intervals 
While no data were presented for a similar analysis of WTS index, it is stated in the text that there was no 
association with the logarithm of distance, but vertigo was one of the variables used in this index. 
No measures of risk are given for any of the other outcome variables used in the study, but there is a very 
large table (Table 13) which presents descriptive data for these outcomes across each of the 8 wind farms 
and for each of the quartiles of distance from a wind farm. The only statistical result given is a p-value for 
comparisons across the groups. The health outcomes for which the p-values are < 0.05 are for PSQI and 
vertigo. There was no significant difference across these groups for the following outcomes: the Physical 
Component Score (PCS) and Mental Component Score (MCS) of the SF-12, depression, SWLS, WTS 
index, headache, irritability score, concentration problems, nausea, undue tiredness, tinnitus or sleep quality. 
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Exposure group [21]  
See section 20 above. 

Control group [22]  
N/A 

Measure of effect / 
effect size [23]  
95% CI [25]  
No effect measures 
presented and no 95% 
CIs, apart from in the 
figures describing log 
distance and PSQI and 
vertigo.  

Harms (NNH) [24]  
95% CI [25]  
N/A 

Public health importance (1–4) [26] 
It is difficult to apply the rating scale on page 23 of 
the NHMRC Guidelines, as it is not suitable for this 
type of study, where many outcomes have been 
measured, but given the limitations of this research, 
the lowest ranking (4) seems most appropriate. 

Relevance (1–5) [27] 
It is difficult to apply the rating scale on page 27 of 
the NHMRC Guidelines, as it is not suitable for this 
type of non-intervention study, but given the 
limitations of this research, the lowest ranking (5) 
seems most appropriate. 

Comments [28]  
While the serious limitations in design, execution, analysis and presentation make interpretation of these 
findings difficult, most health outcomes did not appear to have a relationship with distance from a wind farm 
and the two findings for which there appeared to be an association, this could be explained by chance, bias 
or confounding. Therefore, it is unlikely that the findings of this study have any clear implications in relation 
to the question of proximity of wind farms and human health. 

Abbreviations: NR = not reported; NC = not calculable; N/A = not applicable 

 

Pohl 2012     

Reference [1]  
Pohl J, Hubner G, Mohs A. Acceptance and stress effects of aircraft obstruction markings of wind turbines. 
Energy Policy. 2012;50:592-600.  

Affiliation/source of funds [2]  
Martin Luther Universität, Halle Wittenberg, Germany. 

The study was funded by the Federal Ministry for Environment, Nature Conservation and Nuclear Safety, 
under a resolution by the Lower House of the German Parliament (Deutscher Bundestag), and by the State 
Agency for Agriculture, Environment and Rural Areas of Schleswig-Holstein.  

Study design [3]  
Cross-sectional survey 
 

Level of evidence [4]  
IV 

Location/setting [5]  
See [6] 
Proximity/distance: 
Less than 8 km from 13 wind 
farms with line of sight view of 
turbines. 

Exposure description [6] 
Wind farm details: 13 wind farms 

Control(s) description 
[8] 
No non-exposed groups 
were included. 
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Specific exposure details: 

 
Sample size [7] 
N=281 respondents of first research design in 6 states 
N=139 respondents of second research design in 4 states  

Sample size [9] N/A  
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Population characteristics [10] 
Exposure group: Up to 200 questionnaires were distributed to households around each wind farm. 
Response average rate was 24.8%. Average age was 51 years and average house duration was 21 years. 
Home owners were over-represented (85%), men participated (57%) more often than women. Majority were 
married (69%), 39% had completed junior high school qualifications and 38% held University entrance 
qualifications. The most frequently presented occupations were employees (33%), civil servants (11%), and 
self-employed persons (8%); 27% were retired. Of the respondents who worked, 31% also conducted their 
work at home. Only 4% worked in the wind business. About one-fourth of the participants had a household 
net income from 1001 to 2000 EUR, 26% from 2001 to 3000 EUR, and 16% from 3001 to 4000 EUR.  

Length of follow-up [11] N/A 
 

Outcome(s) measured and/or analyses 
undertaken [12]  
The following stress indicators were used: 

General impact 
Annoyance 
Annoyance changes over the years 
Psychological and somatic symptoms 
Behaviour 
Coping response 

INTERNAL VALIDITY  
Confounding subscale [13] 
Comment on sources of confounding: bias:  
No potential confounders, such as SES, were 
considered in the analysis. 
Bias subscale [14] 
Comment on sources of bias:  
High potential for sample selection bias due to low 
response rate. The study purpose was not masked 
and an incentive to take part was offered, so 
responder bias may have been enhanced. 

EXTERNAL VALIDITY 
Generalisability [15] Average response rate was 
24.8%, potential for differences between the total 
exposed population and those that responded to the 
questionnaire. 
Applicability [16] Unknown whether findings in 
Germany are comparable to those living near wind 
farms in Australia.  

Reporting subscale [17] 
Comment on quality of reporting: Overall quality of reporting was high but main deficit is that information 
was not presented on characteristics of non-responders.  

Chance [18] 
The possibility of spurious significant associations arising by chance cannot be excluded as multiple 
statistical tests were conducted. 

Overall quality assessment (descriptive) [19]  
This was a high quality cross-sectional study that made adjustments for confounders and bias, only low 
misclassification of outcomes is expected due to the methods and scales. However, the study intent was not 
masked and the relatively low response rate was not investigated.  

RESULTS 

Adverse effect outcomes [20] 
We only report the annoyance outcomes as there were many other outcomes reported not directly related to 
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health (e.g. strength of preference concerning obstruction marking):  
While p-values were not reported, according to the study authors overall annoyance was rated significantly 
stronger for night (M = 1.32, SD = 1.38) than day markings (M = 0.97, SD = 1.21), independent of intensity 
adjustment.  

 
In general, respondents reported annoyance to daytime obstruction markings was greatest on cloudless 
days and least on misty days. 29.7% of respondents reported strong annoyance in response to daytime 
obstruction markings and these respondents reported most annoyance by day markings on cloudless days, 
independent of marking type (Figure 2). Although annoyance was independent of marking type on cloudless 
days, on misty days, reported annoyance was higher for Xenon markings than other types of marking.  
Almost all participants who reported being particularly annoyed by day markings also reported being 
annoyed by night markings as well (28.6%). In general annoyance was rated highest on cloudless nights, 
independent of intensity adjustment. 

 
For wind farms with markings not intensity adjusted for different visibility conditions, wind farms with 
synchronised markings attracted lower annoyance ratings (Figure 3). Of participants living near wind farms 
without intensity adjustment, annoyance was associated with particular weather conditions, especially 
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cloudless nights. Misty conditions were associated with lower reported annoyance. 

 
Possible influence of stressors on the relationship between wind farm marking characteristics and 
annoyance was evaluated by considering participants’ responses to questions which evaluated indications of 
stress. Of the more than 100 stress indicators evaluated, only one was associated: “strain during the 
planning and construction phase” (r > 0.30). Respondents reporting high strain during the planning and 
construction phase were more annoyed than respondents who did not report high strain during planning and 
construction. (Figure 6 shows the moderating effect of this strain variable on annoyance in relation to day 
markings.)  

 
Of all wind farm “emissions”, respondents reporting most annoyance associated with the change to the 
visual landscape, followed by noise with obstruction markings (day and night), reflections, blade rotation and 
shadow casting associated with lower degrees of annoyance (Figure 8). 
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Exposure group [21]  
See ‘Adverse effect 
outcomes’ [20] 

Control group [22] 
N/A  
 

Measure of effect / 
effect size [23]  
95% CI [25]  
See ‘Adverse effect 
outcomes’ [20] 

Harms (NNH) [24]  
95% CI [25]  
See ‘Adverse effect 
outcomes’ [20] 

Public health importance (1–4) [26] 
It is difficult to apply the rating scale on page 23 of 
the NHMRC Guidelines, as it is not suitable for this 
type of study, but given the limitations of this 
research, the lowest ranking (4) seems most 
appropriate. 

Relevance (1–5) [27] 
It is difficult to apply the rating scale on page 27 of 
the NHMRC Guidelines, as it is not suitable for this 
type of study, but given the limitations of this 
research, the lowest ranking (5) seems most 
appropriate. 

Comments [28]  
This study was cross-sectional in design. This does not permit any conclusions regarding causation and 
health outcomes, in this case annoyance, from wind turbines. However, the results are consistent and the 
findings of the research robust. The study has limited capacity to inform the assessment of wind turbine 
obstruction markings as a cause of adverse health effects.  

Abbreviations: NR = not reported; NC = not calculable; N/A = not applicable 

 

Taylor 2013     

Reference [1]  
Taylor J, Eastwick C, Wilson R, Lawrence C. The influence of negative oriented personality traits on the 
effects of wind turbines. Personality and Individual Differences. 2013;54:338-43. 

Affiliation/source of funds [2]  
Mechanical, Materials and Manufacturing Engineering, University of Nottingham, Nottingham, UK 
Department of Architecture and the Built Environment, University of Nottingham, Nottingham, UK 
School of Psychology, University of Nottingham, Nottingham, UK 
Funded by a National Environment Research Council Grant issued by UK Energy Research Centre  

Study design [3] 
Cross-sectional survey  
 

Level of evidence [4]  
IV 
 

Location/setting [5]  
Two cities in the Midlands of the 
UK. 
Proximity/distance: 
Households living within 500m of 
eight 0.6 kW micro turbine 
installations and within 1 km of 
four 5 kW small wind turbine 
installations. 
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Exposure description [6] 
Wind farm details: Eight 0.6 kW micro turbine 
installations and four 5 kW small wind turbines. 
Specific exposure details:  
Modelled sound pressure in A-weighted decibels 
with a sound map with 1m grid over map area. Grid 
plane located 1.5 m above ground. Across all turbine 
sites, approximately 9.5% of those living within 
region 2, 13.5% living in region 1 and 10% living 
within region 0 responded. 
Sample size [7]  
Questionnaires sent to N = 1270 households with 
138 completed survey returned (response rate 
10.7%).  

Control(s) description [8] No non-exposed groups 
were included in the survey.  
Sample size [9] See population characteristics. 
 

Population characteristics [10] 
Exposure group: Any member of each household over the age of 18 could anonymously complete the 
survey. In total, 138 completed surveys were returned (age range of respondents = 20 - 95; mean 
age = 53.8, SD = 15.6; 1.4% were aged between 18 and 25, 12.3% between 26 and 35, 15.9% between 
36 - 45, 23.2% between 46 - 55, 22.5% between 56 - 65, 12.3% between 66 - 75, 7.3% between 76 - 85 and 
5.1% between 86 - 95. Response rate was 10.86% with 54.4% male. 

Length of follow-up [11]  
N/A  

Outcome(s) measured and/or analyses 
undertaken [12] All outcomes measured by a self-
reporting survey. 

INTERNAL VALIDITY  
Confounding subscale [13] 
Comment on sources of confounding: 
No adjustments were provided on likely confounders 
such as employment, economic benefit from turbines 
and background noise.  
Bias subscale [14] 
Comment on sources of bias: 
The low response rate suggests that there may be 
sample selection bias. Masking of responders to the 
intent of the survey was not described. 

EXTERNAL VALIDITY 
Generalisability [15]  
Survey mailed to a sample of subjects in the 
Midlands of the UK may not reflect the total 
population living within the 1 km distance from the 
wind farms. 
Applicability [16] 
Unknown whether the population characteristics and 
wind turbine exposures of the responders are 
comparable to those living near wind farms in 
Australia. 

Reporting subscale [17] 
Comment on quality of reporting: 
Overall reporting good, but negative orientated personality not well defined and there was a very low 
participation rate. 

Chance [18] 
The possibility of spurious significant associations arising by chance cannot be excluded as multiple 
statistical tests were conducted. 
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Overall quality assessment (descriptive) [19]  
Although the description of negative oriented personality traits was defined with some rigour, the results 
were not convincing given the relatively small response rate. The use of perceived turbine noise scale and 
its comparison to the calculated actual sound level (modelled) appeared plausible. However, discussion of 
confounders or bias was limited and the authors conceded that it was possible the responders were 
significantly different to the non-responders in terms of the variables measured. 

RESULTS 

Adverse effect outcomes [20] 
Positive Affectivity (PA) 
Negative Affectivity (NA) 
Neuroticism (N) 
Discomfort intolerance (F-disc) 
Emotional intolerance (F-emot) 
Non-specific somatic symptoms (SYMP) 

Exposure group [21]  

 
Respondents living in areas with low probability of hearing 
turbine noise had higher PA (mean = 2.86; SD = 1.05) than 
those living in areas with moderate (mean = 2.38; SD = 1.21) 
or high (1.97; SD = 1.04) probability of hearing turbine noise 
(p ≤ 0.05) (F2,118 = 6.40; partial g2 = 0.10; p < 0.01). There 
were no sex differences across the three regions (ʋ2 = 2.11; 
p = 0.35). 

Control 
group [22]  
N/A 
 

Measure of 
effect / effect 
size [23]  
95% CI [25]  
NC 

Harms 
(NNH) [24]  
95% CI 
[25]  
NC 
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The simple slope analyses showed that the link between 
perceived loudness and symptoms reporting only occurred at 
high levels of discomfort intolerance (b = 3.954, t = 3.4815, 
p < 0.001, Fig 2) and emotional intolerance (b = 1.921, 
t = 1.677, p < 0.096, Fig 3). However, the simple slope 
analyses examining the link between perceived loudness and 
symptoms reporting did not reach significance at any level of 
NA. Calculated actual turbine noise did not affect symptom 
reporting directly or interactively.  

Public health importance (1–4) [26] 
It is difficult to apply the rating scale on page 23 of 
the NHMRC Guidelines, as it is not suitable for this 
type of study, but given the limitations of this 
research, the lowest ranking (4) seems most 
appropriate. 

Relevance (1–5) [27] 
It is difficult to apply the rating scale on page 27 of 
the NHMRC Guidelines, as it is not suitable for this 
type of study, but given the limitations of this 
research, the lowest ranking (5) seems most 
appropriate. 
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Comments [28] The overall finding was that perception of noise rather than actual noise exposure is 
important in predicting symptoms of ill-health, and that this relationship is stronger in those who have 
personality characterised by Negative Affect, and intolerance of negative emotion and events. However this 
finding is not convincing given the low response rate, lack of description of non-responders and use of 
modelled noise exposure instead of actual measurements for relatively small wind turbines. 
The study has limited capacity to inform the assessment of wind turbine noise as a cause of adverse health 
effects.  

Abbreviations: NR = not reported; NC = not calculable; N/A = not applicable 

 

Yano 2013    

Reference [1] 
Yano T, Kuwano S, Kageyama T, Sueka S, Tachibana H. Dose-response relationship for wind turbine noise 
in Japan. 42nd International Congress and Exposition on Noise Control Engineering, Innsbruck, Austria, 15-
18 September 2013. 

Affiliation/source of funds [2]  
Osaka University, Japan; Kumamoto University, Japan; Oita University of Nursing and Health Sciences, 
Japan; Sueoka Professional Engineer Office, Japan;  Chiba Institute of Technology, Japan. Funding from the 
Ministry of the Environment of Japan (Project No. S2-11). 

Study design [3]  
Cross-sectional study. 
 

Level of evidence [4]  
IV 
 

Location/setting [5]  
Various sites from Hokkaido to 
Okinawa in Japan. 
Proximity/distance:  
Respondents’ houses were from 
90 to 1466 m apart from the 
closest wind turbine. 

Exposure description [6] 
Wind farm details: 
36 “target sites” were identified with audible wind 
turbine noise from Hokkaido to Okinawa, Japan. 
Regular electricity generation of wind turbines was 
from 400 kW to 3,000 kW, mainly more than 
1,500 kW. 

Specific exposure details:  

The average sound pressure levels LAeq,n in decibels 
was measured with sound levels ranging from 26 dB 
to 50 dB. Nine sites were observed to have strong 
sea wave sound during winter. 
Sample size [7]  
747 respondents in ‘target site’ areas were 
approached by door knocking, of whom 49% 
participated (n=~ 366, calculated). 

Control(s) description [8] 
Residents at 16 control sites where wind turbine 
noise is inaudible but no turbines were visible. 
Sample size [9]  
332 control site respondents were approached by 
door knocking, of whom 45% responded (n= ~145, 
calculated). 
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Population characteristics [10] 
Exposure group 

 
Length of follow-up [11]  
N/a cross-sectional study. 
 

Outcome(s) measured and/or analyses 
undertaken [12] 
Annoyance related to wind turbine noise was 
evaluated by ICBEN 5-point verbal scale: extremely, 
very, moderately, slightly or not at all. Analysis 
metric was created by combining moderately, very 
and extremely annoyed by wind turbine noise (see 
Kuwano 2013, appendix). 

INTERNAL VALIDITY  
Confounding subscale [13] 
Comment on sources of confounding: 
No mention of addressing of confounders. 
Bias subscale [14] 
Comment on sources of bias: 
Poor response rate 

EXTERNAL VALIDITY 
Generalisability [15]  
Cross-sectional survey limits ability to determine 
causality.  
Demographics not reported in detail in present paper 
but see Kuwano et al (2013) for detailed about this 
survey sample and its generalisability. Age 
distribution and cultural expectations of elderly 
Japanese likely to limit generalisability to Australia. 
Applicability [16] 
Population density in wind turbine areas surveyed 
not clear but likely more dense than wind turbine 
areas in Australia which are typically rural and 
relatively sparsely populated. Likely differences in 
background noise and sound paths due to different 
environments. 

Reporting subscale [17] 
Comment on quality of reporting: 
Key details unreported, for example full description of the wind turbine and control areas (urban/rural, 
population density) and detailed recruitment methodology. 

Chance [18] 
Large number of statistical tests indicates possibility for chance findings however directionality of dose-
response curves are as expected. No mention of statistical adjustments for chance.  
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Overall quality assessment (descriptive) [19]  
Possibility of exposure misclassification (exposure time not evaluated), outcome misclassification (some 
questions not validated instruments) sample selection bias (low response rate), confounding and reporting 
bias (unclear if participants were blinded to purpose of study, unlikely to be blinded to purpose of the 
particular question used to assess the outcome in this analysis). Conclusions based on sea wave noise 
speculative and not clearly supported by systematically collected data. Sensitivity to noise poorly defined. 

RESULTS 

Adverse effect outcomes [20] 

 
Respondents were significantly more likely to report being extremely annoyed by wind turbines if they 
reported being interested in environmental problems, believed that wind turbines were not a good method 
and if they viewed wind turbines as a landscape disturbance. Self-reported sensitivity to noise was also 
associated with greater propensity to report being extremely annoyed by wind turbines. 

 
Using multiple logistic regression analyses using probability of extremely annoyed or not as the dependent 
variable, no significant differences were found for colder and warmer areas (p > 0.05), however similar 
analyses showed that sea wave sound was inversely associated with probability of extremely annoyed 
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(p < 0.005) and the authors suggested this was because of masking of turbine noise by sea wave sound.  

Exposure group [21]  
See ‘Adverse effect 
outcomes’ [20]. 

Control group [22]  
See ‘Adverse effect 
outcomes’ [20]. 

Measure of effect / 
effect size [23]  
95% CI [25]  
See ‘Adverse effect 
outcomes’ [20]. 

Harms (NNH) [24]  
95% CI [25]  
See ‘Adverse effect 
outcomes’ [20]. 

Public health importance (1–4) [26] 
It is difficult to apply the rating scale on page 23 of 
the NHMRC Guidelines, as it is not suitable for this 
type of study, where many outcomes have been 
measured, but given the limitations of this research, 
the lowest ranking (4) seems most appropriate. 

Relevance (1–5) [27] 
It is difficult to apply the rating scale on page 27 of 
the NHMRC Guidelines, as it is not suitable for this 
type of non-intervention study, but given the 
limitations of this research, the lowest ranking (5) 
seems most appropriate. 

Comments [28]  
This cross-sectional survey does not permit any conclusions about causation because it cannot be 
determined that exposures precede outcomes. Self-reported exposures and outcomes are likely to be 
subject to reporting bias and recruitment bias is also likely. Overall noise profile of control areas is likely to 
be systematically different to wind turbine areas in ways other than presence of turbines. Over-recruitment of 
elderly residents limits generalisability to broader population. Although context is poorly described, 
differences between Japanese and Australian contexts likely limit generalisability to Australia.  
This study has very limited capacity to inform the assessment of wind turbine noise of adverse health effects. 

 

Explanatory notes 

[1] Full reference citation details 

[2] Details of how the study was funded or other relevant affiliations of the authors (designed to expose 
potential conflicts of interest) 

[3] The study type (e.g. RCT, case-control study, cohort study), with additional detail where relevant 

[4] As per the NHMRC levels of evidence in Merlin, Weston and Tooher (2009) or NHMRC (2009) 

[5] Country/setting (e.g. detail on location in rural area, wind farm distance/proximity to study participants 
and turbine visibility) 

[6] Detail on the exposure, including the type of wind farm, number of turbines, design/model of turbines, age 
of turbines, when construction of the wind farm was completed, community participation in decision making 
etc. Detail is required on the specific exposures—audible noise, infrasound/inaudible noise, shadow flicker, 
electromagnetic radiation, e.g. dose/level of exposure 

[7] Number of participants enrolled in the exposure group 

[8] The type of control used. There may be more than one comparator (e.g. no wind farm (no exposure), 
different type of wind farm)  

[9] Number of participants enrolled in the comparison/control group(s) 

[10] Any factors that may confound/influence the results and/or the external validity (see below) of the results 
(e.g. age, sex, comorbidities, existing medications, socioeconomic status, baseline attitudes to wind farm 
siting, education level, occupation (e.g. shift work), psychosocial stressors, financial implications of wind farm 
siting) 

[11] Length of follow-up of the participants 
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[12] The outcomes studied (all adverse health effects mentioned in the study) 

INTERNAL VALIDITY (QUALITY ASSESSMENT)  

 [13] Report outcomes of use of modified Downs & Black checklist for the Confounding subscale. Comment on 
likelihood of confounding having affected the results and justify 

[14] Report outcomes of use of modified Downs & Black checklist for the Bias subscale. Comment on likelihood 
of bias having affected the results and justify 

EXTERNAL VALIDITY 

 [15] Report outcomes of use of modified Downs & Black checklist for the External Validity subscale. Comment 
on generalisability of the study results and justify; that is, are the participants in the study so different from 
the target population for the NHMRC recommendation that the results may not be generalisable to them? 

[16] Is the exposure in the study so different from the exposures likely to occur in Australia that the results 
may not be applicable? 

 [17] Report outcomes of use of modified Downs & Black checklist for the Reporting subscale. Comment on 
appropriateness of reporting in the study  

[18] When assessing the role of chance, note the use of multiple statistical testing and data dredging, which 
may result in spurious statistically significant results 

[19] Describe your assessment (in words) of the overall quality of the study. Is the study quality good enough 
that you have confidence in the results? 

RESULTS 

Allowing one row for each relevant outcome, enter the following data from the results of the study: 

[20] The outcome relevant for this entry in the database (Note: more than one table may be required if there 
are several outcomes relevant to different questions) 

[21] For binary outcomes, show numbers of participants with the outcome. For continuous outcomes, show 
means ± standard deviations; or medians and interquartile ranges 

[22] For binary outcomes, show numbers of participants with the outcome. For continuous outcomes, show 
means ± standard deviations; or medians and interquartile ranges. Add number of columns as needed (e.g. 3-
arm trials) 

[23] Absolute and relative measures of effect and measure of variability, for example risk differences (absolute 
risk reduction or absolute risk increase), mean differences, relative risk, odds ratio 

[24] A measure of harm, when the exposure increases the risk of specified adverse outcomes. The number 
needed to expose to harm (NNH) = the number of participants who, if they receive the exposure, would lead 
to one additional person being harmed compared with participants who are not exposed; calculated as 
1/absolute risk increase, rounded up to the next highest whole number 

[25] 95% confidence interval (CI) for all measures, if available; otherwise, use p value (be explicit on what 
comparison the p value relates to) 

[26] Insert the appropriate rating from the scale provided at p. 23 of the NHMRC toolkit publication: How to 
use the evidence: assessment and application of scientific evidence 

[27] Insert the appropriate rating from the scale provided at p. 28 of the NHMRC toolkit publication: How to 
use the evidence: assessment and application of scientific evidence 

[28] Add your overall comments regarding the interpretation or implications of this study. 
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Examining whether wind farm emissions may affect human health is complex, as both the character of the 
emissions and individual perceptions of them are highly variable. 

After careful consideration and deliberation of the body of evidence, NHMRC concludes that there is 
currently no consistent evidence that wind farms cause adverse health effects in humans. 

Given the poor quality of current direct evidence and the concern expressed by some members of the 
community, high quality research into possible health effects of wind fanns, particularly within 
1,500 metres (m), is warranted. 

This Statement updates previous work by NHMRC and is based on the findings of a comprehensive independent 
assessment of the scientif ic evidence on w ind farms and human health, which is summarised in the 
NHMRC Information Paper: Evidence on Wind Farms and Human Health. 

The Statement reflects the resu lts and limitations of the studies that considered the possible relationships between 
wind farm emissions and health outcomes (direct evidence) and also takes into account evidence on the health effects of 
similar emissions from other sources (parallel evidence). 

There is no direct evidence that exposure to wind farm noise affects physical or mental health. While exposure to 
environmental noise is associated w ith health effects, these effects occur at much higher levels of noise than are likely to 
be perceived by people living in close proximity to wind farms in Australia. The parallel evidence assessed suggests that 
there are un likely to be any signif icant effects on physical or mental health at distances greater than 1,500 m from 
wind fa rms. 

There is consistent but poor quality direct evidence that wind farm noise is associated with annoyance. While the 
parallel evidence suggests that prolonged noise-related annoyance may result in stress, which may be a risk factor for 
cardiovascular disease, annoyance was not consistently defined in the studies and a range of other factors are possible 
explanations for the association observed. 

There is less consistent, poor quality direct evidence of an association between sleep disturbance and wind farm noise. 
However, sleep disturbance was not objectively measured in the studies and a range of other factors are possible 
explanat ions fo r the association observed. W hile chronic sleep disturbance is known to affect health, the paral lel evidence 
suggests that wind farm noise is unl ikely to disturb sleep at distances of more than 1,500 m from wind farms. 

There is no direct evidence that considered the possible effects on health of infrasound or low frequency noise from 
wind farms. Exposure to infrasound and low-frequency noise in a laboratory setting has few, if any, effects on body 
functions. However, this exposure did not replicate all of the characteristics of wind farm noise as it has generally been at 
much higher levels and of short duration. 

Although individuals may perceive aspects of wind farm noise at greater distances, it is unlikely that it will be disturbing 
at distances of more than 1,500 m. Noise from wind farms, including its content of low-frequency noise and infrasound, 
is similar to noise from many other natural and human-made sources. 

NHMRC urges authorities w ith responsibility for regulating wind farms to undertake appropriate planning, in consultation 
w ith communities, and be cognisant of evidence emerging from research. 

Although it is unlikely that there are significant health effects at a distance of more than 1,500 m from w ind farms, 
concern has been expressed by people living near w ind farms about perceived impacts on their health. NHMRC 
recommends that any person experiencing health problems consult their General Practit ioner. 

Given these reported experiences and the limited reliable evidence, NHMRC considers that further, higher quality, 
research is warranted. NHMRC wi ll issue a Targeted Call for Research into wind farms and human health to encourage 
Australia's best researchers to undertake independent, high quality research investigating possible health effects and 
their causes, particularly within 1,500 m from a w ind farm. 

Further information can be found in the NHMRC Information Paper and on the NHMRC website at: 
www.nhmrc.gov.au/your-health/wind-farms-and-human-health. 
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EXECUTIVE SUMMARY 

Purpose 

This independent review of the literature was commissioned by the National Health and 

Medical Research Council (NHMRC) to determine whether there is an association between 

exposure to wind farms and human health effects and, if so, whether this association is 

causal or might be explained by chance, bias or confounding. 

Direct evidence of any health effects was obtained through a systematic literature review of 

all the available evidence on exposure to the physical emissions produced by wind turbines. 

The emissions investigated were: noise, shadow flicker and the electromagnetic radiation 

(EMR) produced by wind turbines. 

A background literature review was also undertaken to establish whether there is basic 

biological evidence, or evidence from research into other circumstances of human exposure 

to the physical emissions that wind turbines produce, that makes it plausible that wind 

turbines cause adverse health effects.  

Review questions 

The review questions developed by the NHMRC Wind Farms and Human Health Reference 

Group (the Reference Group) are given on pages 21–23. A background review summarises 

general knowledge about a topic and is not intended to be answered comprehensively. A 

systematic review provides a transparent means for gathering, synthesising and appraising 

the findings of studies on a particular topic or question. The aim is to minimise the bias 

associated with the findings of single studies or non-systematic reviews. A systematic review 

provides a scientific analysis of all of the highest quality evidence available on a topic. 

Method 

A protocol was developed to guide the conduct of the reviews. It outlined the project scope, 

research questions, and for the systematic review questions it provided the criteria for 

selecting and critically appraising studies, templates for extracting data and methods for 

synthesising the results obtained from the evidence-base. The review methods differed 

depending on whether the question being addressed was a systematic or a background 

review question. The protocol incorporated suggestions from the Reference Group. 

The protocol was closely followed in order to maintain transparency and, for the systematic 

review questions, to ensure that there was no bias in study selection, appraisal or 

interpretation. All of the evidence obtained was categorised and interpreted in the context 

of epidemiological guidelines developed by Austin Bradford Hill, and modified by Howick, 

Glasziou and Aronson (2009).  These guidelines suggest complementing the available direct 

evidence of the impact of an exposure or intervention (such as wind turbines) on an 
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outcome (such as adverse health effects) with mechanistic and parallel evidence, in order to 

determine likely cause and effect (see Figure ES. 1 and Table 5, page 40). Mechanistic 

evidence consists of studies that investigate the alleged causal mechanism that connects the 

exposure to health outcomes. Parallel evidence consists of studies that investigate the 

effects of exposures that are similar to the exposure of interest. This evidence provides 

support for a causal hypothesis. 

 

Figure ES. 1 Use of different types of evidence to support determination of causation 

(adapted from Howick, Glasziou and Aronson, 2009) 

For this project the ‘direct evidence’ consisted of the evidence addressing the systematic 

literature review questions. The background review questions were concerned with the 

physiological mechanisms (‘mechanistic evidence’) by which noise, shadow flicker and EMR 

might produce adverse health effects, and whether any health effects have been observed 

from noise, shadow flicker and EMR produced by exposures other than wind turbines 

(‘parallel evidence’). 

Within the conceptual framework offered by the modified Bradford Hill Guidelines, the 

direct evidence was assessed using an adaptation of the NHMRC FORM system for grading 

evidence (Hillier et al. 2011; NHMRC 2008). Studies were appraised in terms of their 

methodological rigour (level of evidence and likelihood of bias and confounding); 

Direct evidence 
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evidence 
Parallel evidence 

Causal Hypothesis 

Size of effect >  
plausible confounding 

Dose-responsiveness 

Spatial/temporal 
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Coherence 
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consistency of results; magnitude and precision of the estimates of human health effects; 

and generalisability and applicability of the findings to the Australian context. The findings 

from the mechanistic and parallel evidence were considered as ‘Other Factors’ that might 

upgrade or downgrade an evidence rating. Summary ratings were provided on a scale from 

A to D—an ‘A’ rating indicates that there is good support for an association between wind 

turbine emissions and human health effects, while a ‘D’ rating indicates poor support (Box 2, 

page 39).  

Results 

A comprehensive search of the peer-reviewed (black) and grey1 literature was conducted 

and identified 2850 potentially relevant references. The NHMRC also provided 506 

documents obtained from public submissions or from other sources. However, only 11 

articles—reporting on 7 cross-sectional studies that investigated associations between wind 

turbines and health—met pre-specified eligibility criteria (Box 1, page 33) to address the 

systematic review questions. The process of study selection for the systematic review 

questions is given in a PRISMA (Preferred Reporting Items for Systematic reviews and Meta-

analyses) flowchart (Figure 1, page 43). These studies provided the direct evidence-base to 

evaluate the impact of wind turbines on human health.  

The studies were conducted in Sweden (SWE-00 and SWE-05), The Netherlands (NL-07), 

Australia (Morris 2012), New Zealand (Shepherd et al. 2011), Canada (Krogh et al. 2011) and 

the USA (Nissenbaum, Aramini & Hanning 2012). As there were several publications and re-

analyses of data in the Swedish and Dutch studies, an evidence map has been provided in 

Table 6, page 44. All of the studies were level IV aetiological (causal) evidence2, with a high 

risk of bias due to sample selection and lack of masking in some studies. There was a risk of 

outcome misclassification in all studies as the physical adverse health outcomes reported by 

study participants were not objectively verified (e.g. through the use of medical case notes). 

Age and gender were usually adjusted for in the analyses, but other possibly confounding 

factors were not consistently controlled. It is a significant limitation of the available 

evidence that it was not known whether any of the observed health effects in residents 

were present or occurring at a different intensity prior to wind turbine exposure (ie 

demonstrating appropriate temporal proximity).  

Noise 

Noise produced by wind turbines was discussed in all seven studies but infrasound and low-

frequency noise (ILFN) were not specifically measured or discussed. One study (SWE-00) 
                                                      

1
 Definition is in the Glossary (source: <http://www.greynet.org/greynethome/aboutgreynet.html>).  

2 See 
 
Table 4. 
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reported an association between estimated wind turbine sound pressure level (SPL) and 

self-reported tinnitus, and another study (SWE-05) reported a trend between SPL and self-

reported diabetes. However, these findings were not replicated in the two other studies 

that assessed the same outcomes. It is possible that these isolated findings could have been 

due to differences in the distribution of possible confounders between exposure groups, or 

due to chance. None of the other physical health effects were found to be associated with 

estimated wind turbine SPL or distance from a wind turbine. Thus, associations of self-

reported health effects with estimated noise exposure from wind turbines are inconsistent 

and possibly attributable to other factors.  

The relationship between wind turbine proximity and quality of life was assessed by three 

studies. A New Zealand study (Shepherd et al. 2011) that attempted to mask respondents to 

the purpose of the survey and used a validated questionnaire reported that there was a 

significant association between distance from wind turbines and overall quality of life. Two 

other studies used author-formulated questions and did not mask the intent of the study, 

but found similar results. One Canadian study (Krogh et al. 2011) found that the majority of 

people reported that their quality of life had altered since living near a wind turbine, 

irrespective of their residential distance from a turbine (all lived within 2400 metres of a 

turbine). An American study undertaken in Maine (Nissenbaum, Aramini & Hanning 2012) 

reported a 74% difference in the number of residents wishing to move from the vicinity of a 

turbine (less than 1.4 km) when compared with residents living further away (over 3 km). 

The results of these studies were not adjusted for all plausible confounders, so it is unclear 

whether the association is due to wind turbine noise or other factors. 

The results for possible associations between wind farm proximity and mental health 

measures were inconsistent. In the Maine study (Nissenbaum, Aramini & Hanning 2012) 

respondents who lived nearer wind farms reported statistically significantly poorer mental 

health, as measured by the SF-36 mental health component summary score, than those 

living further away. All participants in this study were aware that the study’s purpose was to 

investigate the health effects of wind farms. In three of the four studies that provided 

contrary findings, the purpose of the research was masked from study participants. In these 

four studies there were no significant associations between estimated wind turbine noise 

exposure, or distance from a wind turbine, and levels of psychological distress, 

tension/stress, irritability, or self-reported depression and anxiety.  

The association between estimated wind turbine noise and sleep was assessed by all seven 

included studies. Six of the seven studies reported poorer sleep―whether measured as 

higher rates of, or statistically significant differences in, sleep interruption or sleep 

quality―in those people with greater exposure to audible wind turbine noise3 or living a 

shorter distance from wind turbines. Only the study from Maine (Nissenbaum, Aramini & 

                                                      

3
 Estimated A-weighted SPL 
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Hanning 2012) assessed reversibility, by asking respondents whether they had improved 

sleep when away from wind turbines. Half of those living less than 1.4 km from a wind 

turbine responded in the affirmative, compared with less than 6% of those who lived more 

than 3 km from a wind turbine.  

No objective measures of sleep quality and sleep disturbance were used in these studies 

and the results were not adjusted for all plausible confounders e.g. annoyance and other 

factors that contribute to it. In the SWE-00, SWE-05 and NL-07 studies, the association 

between objective estimates of sound pressure level and sleep disturbance was not as 

strong as that between subjective assessments of wind turbine noise annoyance and sleep 

disturbance. In addition, some of the statistically significant differences in average sleep 

quality may not have been large enough to be meaningful.  

Subjective levels of annoyance were consistently associated with wind turbine noise, both 

when outdoors and when indoors. Annoyance is not identified as a disease or health state, 

but it was still considered relevant to this systematic review because it is a universal 

negative human response to a condition or setting that may result in stress. Stress is a 

possible moderator or mediator of health outcomes. The five studies that assessed 

annoyance and noise exposure all reported statistically significant associations between 

annoyance and higher noise levels (estimated SPL) or residential proximity to a turbine. 

Rates of annoyance differed greatly between studies depending on level of estimated noise 

exposure, definition of annoyance (whether ‘slightly annoyed’ was classified as annoyed or 

not) and whether participants were masked to the study intent or not. The Dutch study (NL-

07) found that 18% of respondents exposed to 35–45 dB(A) sound pressure were ‘rather 

annoyed’ or ‘very annoyed’ by wind turbine noise. A New Zealand study (Shepherd et al. 

2011) reported that 59% of those living less than 2 km from a wind turbine were annoyed by 

the noise, while an Australian study (Morris 2012) reported that 56% of those living within 

5 km of a wind turbine were disturbed by noise during the day.  

The association between estimated noise level and annoyance was significantly affected by 

the visual attitude of the individual (i.e. whether they found wind farms beautiful, or ugly 

and unnatural) in the three studies that assessed this as a potential confounding factor 

(SWE-00, SWE-05, NL-07). Residents in the SWE-05 study with a negative attitude to the 

visual impact of wind farms on the landscape had over 14 times the odds of being annoyed 

compared with those people without a negative visual attitude. This was lower in the Dutch 

study (NL-07), ranging from 2.8 to 4.1 times the odds. Participants in SWE-00 reported that 

estimated SPL alone only accounted for 13% of the variance in the likelihood of annoyance, 

whereas estimated SPL plus visual attitude of the respondent accounted for 46% of the 

variance in annoyance. This means that factors other than the noise produced by wind 

turbines contribute to the annoyance experienced by survey respondents. 
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Mechanistic and parallel evidence 

Noise at high frequency lessens in intensity (loudness as measured by SPL) over much 

shorter distances than noise at lower frequencies. It does not pass easily through doors and 

windows—unlike ILFN, which can more easily pass through these obstacles. ILFN is, 

therefore, the exposure of most relevance at the range of distances typically observed 

between residential dwellings and commercial wind turbines. Hearing becomes gradually 

less sensitive as frequency decreases, so for humans to perceive infrasound and low 

frequency noise, the SPL needs to be high.  

However, deriving a single SPL from wind turbines in the presence of background noise is 

difficult. The 2013 South Australian Environment Protection Authority study (Evans, Cooper 

& Lenchine 2013) measured infrasound at urban and rural locations and compared these 

with measurements taken at residences near two wind farms. Levels of background noise at 

residences near wind farms were also measured during organised shutdowns of the 

turbines. It was concluded that the level of infrasound at locations near wind farms was no 

greater than that experienced in other urban and rural environments. Further, the 

contribution of wind turbines to the measured infrasound levels taken at residences at a 

distance of approximately 1.5 km was insignificant in comparison with the background level 

of infrasound in the environment. 

The available evidence addressing the background questions indicates that there are 

possible health effects from exposure to high audible noise levels, e.g. from road traffic 

(WHO 2011). However, as distance is closely related to estimated SPL, it is not expected that 

substantial audible noise exposures (>45 dB(A)) would be associated with modern wind 

turbines at distances of more than about 280 m (Ellenbogen et al. 2012), although this 

might vary by terrain, type of wind turbine and wind conditions. Sleep disturbance from 

noise exposure alone is not plausible at noise levels of 30 dB(A) and below, and has only 

modest effects at 40 db(A) and below (WHO 2011).  

Systematic review evidence statement 

There is no consistent evidence that noise from wind turbines―whether estimated in 

models or using distance as a proxy―is associated with self-reported human health 

effects. Isolated associations may be due to confounding, bias or chance.  

There is consistent evidence that noise from wind turbines―whether estimated in 

models or using distance as a proxy―is associated with annoyance, and reasonable 

consistency that it is associated with sleep disturbance and poorer sleep quality and 

quality of life. However, it is unclear whether the observed associations are due to 

wind turbine noise or plausible confounders. (D rating) 
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The ILFN produced in the available laboratory studies was frequently greater than (usually 

A-weighted) 80 dB and ranged between 40 and 144 dB. Under these conservative 

conditions, ILFN appeared to have inconsistent and inconclusive effects on intermediate 

physiological measures taken from study participants. Health outcomes were not studied. 

Physiological changes such as heart rate, cortisol level, respiratory rate and blood pressure 

were measured. The data suggest that low-frequency noise at high SPLs may elicit a 

temporary threshold shift in hearing (Alford et al. 1966; Mills et al. 1983) and may lead to 

statistically significant, albeit very small and inconsistent, changes in systolic and diastolic 

blood pressure, and pulse or heart rate. There were too few studies reporting on exactly the 

same intervention or outcomes to determine if the results were replicable, and where 

studies were similarly designed there were inconsistent findings with respect to whether or 

not ILFN influenced physiological measures. 

Shadow flicker 

Direct evidence 

No studies of good quality were identified that linked shadow flicker with adverse health 

outcomes. One small cross-sectional study (Morris 2012) with a high risk of bias reported on 

the association between shadow flicker and annoyance. Annoyed individuals reported 

symptoms of headache and blurred vision. Those living within 5 km of a wind turbine were 

more likely to report noticing shadow flicker, and being annoyed by it, than those who lived 

between 5 and 10 km from a wind turbine. No data on the rate of adverse outcomes, other 

than annoyance, were reported from this study. No conclusions could therefore be drawn 

regarding the association between adverse health outcomes and shadow flicker produced 

by wind turbines.  

Mechanistic and parallel evidence 

It is well recognised that shadow flicker exposure can affect health by inducing seizures in 

those prone to photosensitive epilepsy. This very rare condition can be induced by 

repetitive flashing lights and static repetitive geometric patterns, with the flicker inducing 

transient abnormal synchronised activity of brain cells and affecting consciousness, bodily 

movements and/or sensation. The timing, intensity and location of exposure to the shadow 

flicker produced by wind turbines is dependent on turbine size and shape, blade diameter, 

height of the sun and the blade direction relative to the observer. These variables are 

affected by wind direction and the time of day, time of year, and geographical location that 

the observation takes place. The Environment Protection and Heritage Council of Australia 

(EPHC 2010) estimate that the probability of a conventional horizontal-axis wind turbine 

causing an epileptic seizure due to shadow flicker is less than 1 in 10 million in the general 

population.  

The sparse laboratory evidence available investigating the association between shadow 

flicker and health outcomes was of uncertain applicability to the shadow flicker conditions 
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produced by wind turbines. One study found no difference in stress-related outcomes 

between groups exposed and not exposed to shadow flicker but it could not be determined 

whether the flicker frequencies investigated were similar to those produced by wind 

turbines (Pohl, Faul & Mausfeld 1999). The other study found photoparoxysmal responses 

to a range of frequencies relevant to the flicker produced by wind turbines (>3 Hz) but the 

flicker exposure involved coloured light, rather than shadow, and all of the participants 

were photosensitive individuals (Shirakawa et al. 2001). 

Electromagnetic radiation 

Direct evidence 

No studies were identified that specifically investigated an association between EMR (either 

extremely low-frequency (ELF) or other EMR frequencies) near wind farms and human 

health effects. Unless specified otherwise, reference to EMR in this section should be taken 

to be a reference the ELF EMR that is associated with alternating electrical currents.  

Mechanistic and parallel evidence 

Mechanistic studies indicate that the effects of external exposure to EMR on the human 

body and its cells depend mainly on the EMR frequency and strength (WHO 2002). It is 

known that the strength of an alternating electromagnetic field rapidly decreases as 

distance from the source increases (WHO 2012b). ELF EMR can produce eddy currents in 

human tissue. Since biochemical mechanisms and nerve transmission utilise electric 

impulses, exposure to ELF EMR could interfere with electrical currents that are vital to 

normal bodily function if the person is in close proximity to the source of the EMR.  

In wind farms EMR is emitted from grid connection lines, underground collector network 

cabling, electrical transformers and turbine generators. However, there are scant data (one 

industry example only (Windrush Energy 2004)) on the magnitude and/or level (quantity) of 

EMR present in the vicinity of wind turbines. The available industry data suggests that the 

EMR levels near wind farms are likely to be within the range of EMR emitted by household 

appliances.  

The applicability of the available parallel evidence on EMR to the wind farm context is 

uncertain. Concerns regarding the safety of EMR were raised with the publication of an early 

study reporting an association between the risk of childhood leukaemia and the degree of 

EMR exposure from electricity transmission lines (Wertheimer & Leeper 1979). Research has 

also been conducted on possible associations between occupational EMR and cancer or 

cardiovascular, neurological/psychological and reproductive diseases. However, apart from 

the study of childhood leukaemia, results from these EMR studies are characterised by a 

high degree of heterogeneity and are inconclusive (Ahlbom et al. 2001). 
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Other emissions 

No other type of physical emission from wind farms that might cause adverse health effects 

was identified in the literature. 

Conclusion 

Direct evidence 

In summary, the systematic review indicated that there was no consistent evidence that 

noise from wind turbines, whether estimated in models or using distance as a proxy, is 

associated with self-reported human health effects. The quality and quantity of the available 

evidence was limited. 

Proximity to wind turbines or estimated SPL was associated with annoyance, and often 

associated with sleep disturbance and poorer quality of life. However, it cannot be ruled out 

that bias or confounding is an explanation for these associations. 

Shadow flicker produced by wind turbines was found to be associated with annoyance in 

one small study, but health effects were not measured. There were no studies identified 

that investigated the impact on health of the EMR produced by wind turbines.  

Mechanistic and parallel evidence 

The information addressing the background review questions on possible mechanisms, and 

parallel circumstances, by which wind turbine emissions could impact on health was not 

persuasive. Although there were possible mechanisms by which shadow flicker and EMR 

could cause adverse health effects, the applicability of the available laboratory evidence to 

the wind turbine context could not be demonstrated.  

Mid-to high frequency noise from wind turbines is unlikely to be significant at normal 

residential distances from wind turbines. ILFN from wind turbines is possible but difficult to 

isolate over the levels of background infrasound that are commonly present in the 

environment (e.g. wind noise in rural environments). The mechanism by which ILFN could 

cause adverse health effects is not clear and the available parallel laboratory evidence was 

inconclusive with regard to the effect on intermediate physiological outcomes as findings 

were inconsistent within and between studies. 

Evidence for causation 

To evaluate the strength of the evidence for a cause-and-effect relationship between wind 

turbine emissions (noise, shadow flicker and EMR) and adverse human health and health-

related effects, the totality of the evidence was assessed in terms of the conceptual 

framework offered by the modified Bradford Hill Guidelines (Table 5, page 40).  

The reported effects in the studies did occur near wind turbines (spatial proximity). 

However, with the exception of annoyance, sleep quality or sleep disturbance and quality of 
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life―the latter of which are possibly related to health―there was no consistent association 

between adverse health effects and estimated noise from wind turbines. Any isolated 

associations that were observed could have been due to plausible confounding or a spurious 

result from undertaking multiple statistical tests. Whether any of the reported effects 

followed the onset of exposure to wind turbines (temporal proximity) could not be 

ascertained because of the cross-sectional nature of the available studies. From these data, 

no dose-response relationship was observed between estimated sound pressure level or 

distance from a wind turbine and the direct health effects examined.  

A dose-response relationship was apparent between wind turbine proximity and the 

possibly health related effects of sleep disturbance, poor sleep quality and quality of life; 

these effects were less common as the estimated SPL reduced or distance from the wind 

turbines increased. However, there is a possibility that the associations with sleep quality, 

sleep disturbance and quality of life are confounded by annoyance and other factors that 

determine it. Evidence of reversibility was present in one small study. Participants in this 

study recalled less sleep disturbance when they were away from wind turbines. The 

participants knew that the purpose of the study was to investigate wind turbine noise. 

Possible mechanisms by which wind turbines could harm human health—and which are 

coherent with existing scientific theory—were plausible for shadow flicker and ELF EMR 

exposure but were of uncertain applicability to the wind turbine context.  A mechanism by 

which ILFN could harm human health could not be determined. There was no consistent 

association observed between ILFN and intermediate physiologic effects (e.g. blood 

pressure) in the laboratory setting. Health outcomes were not measured. 

The quality and quantity of evidence available to address the questions posed in this review 

was limited. The evidence considered does not support the conclusion that wind turbines 

have direct adverse effects on human health, as the criteria for causation have not been 

fulfilled. Indirect effects of wind farms on human health through sleep disturbance, reduced 

sleep quality, quality of life and perhaps annoyance are possible. Bias and confounding 

could, however, be possible explanations for the reported associations upon which this 

conclusion is based. 
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INTRODUCTION  

Adelaide Health Technology Assessment (AHTA) was commissioned by the National Health 

and Medical Research Council (NHMRC) to conduct a review of the health effects of wind 

turbines on humans. 

Objective of the review  

The objective of the review was to determine whether there is an association between 

exposure to wind farms and human health effects and, if so, whether this association is 

causal or might be explained by chance, bias or confounding.  

Rationale for the review 

Wind turbines generate electricity using the wind and are promoted as a viable and 

sustainable alternative to traditional, non-renewable forms of energy production.  

The presence of wind turbines in the environment is not without controversy, and many 

claims and counter claims of the negative health effects of turbines have been made. The 

issue is highly emotive, not only because of the controversy regarding negative effects on 

human health, but also because there are financial implications for land owners and power 

companies. These controversies have impacted on wind farm installation. For example, in 

South Australia, plans for two potential wind farms were either withdrawn by the company 

building them (as reported in The Advertiser on 23 August 2012) or refused planning 

permission by the local council (as reported on <www.abc.net.au/news> on 14 August 

2012).  

In 2010 the NHMRC produced a rapid review of the evidence on the health effects of wind 

turbines on humans (National Health and Medical Research Council 2010). The review 

investigated the potential health impact of the following turbine-related exposures: 

 infrasound/noise 

 electromagnetic interference 

 shadow flicker 

 blade glint 

The review found ‘no direct pathological effects from wind farms’ while suggesting that ‘if 

planning guidelines are followed and communities are consulted with in a meaningful way, 

resistance to wind farms is likely to be reduced and annoyance and related health effects 

avoided’ (National Health and Medical Research Council 2010). The NHMRC’s Public 

Statement, Wind turbines and health, based on this review, indicated that, while there was 

currently no evidence linking the identified turbine-related exposures with adverse health 

effects, the evidence was limited (National Health and Medical Research Council 2010a). 
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The Public Statement recommended that relevant authorities take a precautionary 

approach and continue to monitor relevant research. It was suggested that compliance with 

standards relating to wind turbine design, manufacture and site evaluation would minimise 

any potential impacts of wind turbines on surrounding areas. 

In 2011 a Senate Inquiry, ‘The Social and Economic Impact of Rural Wind Farms’, was 

conducted. The inquiry received more than 1000 submissions and held public hearings in 

four cities. It recommended a precautionary approach to noise standards, including 

conducting epidemiological and laboratory studies of the possible effects of wind farms on 

human health, as well as continuing the NHMRC review of research. The Australian 

Government accepted four of the seven recommendations of the inquiry, including 

supporting the recommendation that the NHMRC should continue the review of current 

research in the field, with regular publication of findings (Australian Government 2012). 

In June 2011 the NHMRC held a forum on the issues related to the possible health effects of 

wind turbines4, leading to five major conclusions: 

1. There is insufficient published, peer-reviewed, high-quality scientific evidence concerning 

infrasound and its effect on human health. 

2. Research on infrasound and audible noise needs to include variables such as proximity to 

turbines, wind levels, topography and structure of residential housing.  

3. Social and economic factors need to be considered when analysing the impact of wind 

farms on human health.  

4. A thorough review should be conducted that evaluates the literature against defined 

levels of evidence, and highlights limitations in the available literature.  

5. The review should consider all aspects of noise, including infrasound (less than 20 Hz) 

and audible noise (greater than 20 Hz).  

Although there are many narrative reviews on the topic of wind farms (often produced by 

environmental protection or health authorities), none to date have addressed the topic 

using a formal evidence-based systematic literature review. This type of review requires a 

protocol or methodology to be developed prior to the review being undertaken, to provide 

transparency and thus potential replication of the review method, maintenance of 

impartiality and rigour in study selection, and formal standardised critical appraisal and 

synthesis of study results. A review of this type has been commissioned by the NHMRC in 

response to point 4 above, and is presented in this document. The NHMRC Wind Farms and 

Human Health Reference Group (the Reference Group) was established to oversee the 

proposed review. Depending on the outcomes of the review, the Reference Group will 

                                                      

4
<http://www.nhmrc.gov.au/media/events/2011/wind-farms-and-human-health-scientific-forum-7-june-

2011> 
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consider whether the NHMRC’s 2010 Public Statement should be revised on the basis of the 

more robust and comprehensive evidence that this systematic review will provide. 

Review questions 

The Reference Group posed several questions to be answered by the review, and these 

were categorised as either background review questions or systematic review questions. A 

background review question seeks general knowledge about a topic and is not intended to 

be answered comprehensively. A systematic review question seeks a transparent means for 

gathering, synthesising and appraising the findings of studies on a particular topic. The aim 

is to minimise the bias associated with the findings of single studies or non-systematic 

reviews. It provides a scientific analysis of all of the highest quality evidence available on a 

topic. 

Background review questions 

A comprehensive background narrative was requested to answer the following questions: 

BQ1. What are wind turbines and wind farms? 

BQ2. By what specific physical emissions might wind turbines cause adverse health 

effects? 

BQ3. For each such emission, what is the level of exposure from a wind turbine and how 

does it vary by distance and characteristics of the terrain separating a wind turbine 

from potentially exposed people? 

BQ4. Is there basic biological evidence, or evidence from research into other 

circumstances of human exposure to physical emissions that wind turbines produce, 

that make it plausible that wind turbines cause adverse health effects? 

BQ5. Is there any direct research evidence that exposure to wind turbines is associated 

with adverse health effects? 

BQ6. If there is evidence that exposure to wind turbines is associated with adverse health 

effects: 

a. Is there evidence that there are confounding factors or effect modifiers that might 

explain the association of wind turbines with adverse health effects? Such as but 

not necessarily limited to:  

i. visibility of turbines  

ii. financial gain from the siting of turbines  

iii. community participation in decision making on the siting of turbines  

iv. age and design of turbines?  
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Systematic review questions  

The formal evidence-based questions were as follows: 

Distance  

SQ1. Is there any reliable evidence of an association between distance from wind turbines 

and adverse health effects? If so:  

a. How strong is this association?  

b. How does the strength of this association relate to distance from wind turbines?  

c. Might this association be explained by:  

i. chance? 5  

ii. bias? or  

iii. confounding?  

Audible noise  

SQ2. Is there any reliable evidence of an association between audible noise (greater than 

20 Hz) from wind turbines and adverse health effects? If so:  

a. How strong is this association?  

b. How does the strength of this association relate to level of exposure to audible 

noise from wind turbines?  

c. Might this association be explained by:  

i. chance?  

ii. bias? or  

iii. confounding?  

Infrasound and low-frequency noise  

SQ3. Is there any reliable evidence of an association between infrasound and low-

frequency noise (less than 20 Hz) from wind turbines and adverse health effects? If 

so:  

a. How strong is this association?  

b. How does the strength of this association relate to level of exposure to 

infrasound/inaudible noise from wind turbines?  

c. Might this association be explained by:  

i. chance?  

ii. bias? or  

iii. confounding?  

                                                      

5
 For definitions of chance, bias and confounding, please see Glossary and Methods sections. 
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Shadow flicker  

SQ4. Is there any reliable evidence of an association between shadow flicker 

(photosensitivity6 greater than 3 Hz) from wind turbines and adverse health effects? 

If so:  

a. How strong is this association?  

b. How does the strength of this association relate to level of exposure to shadow 

flicker from wind turbines?  

c. Might this association be explained by:  

i. chance?  

ii. bias? or  

iii. confounding?  

Electromagnetic radiation  

SQ5. Is there any reliable evidence of an association between electromagnetic radiation 

from wind turbines and adverse health effects? If so:  

a. How strong is this association?  

b. How does the strength of this association relate to level of exposure to 

electromagnetic radiation from wind turbines?  

c. Might this association be explained by:  

i. chance?  

ii. bias? or  

iii. confounding? 

Areas that were out of scope for the review included: 

 potential effects on human health from wind farm manufacturing and monitoring, such 

as occupational health and safety issues 

 planning, development and monitoring activities related to wind farms 

 the potential health effects of ‘ice throw’ and ‘accident secondary to mechanical failure’. 

 

  

                                                      

6
 Photosensitivity is an abnormal sensitivity to light stimuli, usually detected with electroencephalography 

(EEG) as a paroxysmal reaction to intermittent photic stimulation (IPS). The EEG response elicited by IPS or 

other visual stimuli of daily life is called photoparoxysmal response (PPR) (Verrotti et al. 2005). 

Exhibit A4-2c

Page 23 of 296
 

014162



24 

 

WIND TURBINES AND WIND FARMS 

BQ1.  WHAT ARE WIND TURBINES AND WIND FARMS? 

Wind occurs in response to the differential heating of parts of the earth and the earth’s 

rotation. A wind turbine uses wind to produce electricity. There are two main types of wind 

turbine: the horizontal axis wind turbine (HAWT)7 and the vertical axis wind turbine (VAWT). 

HAWTs are more common because they are considered to be more efficient (Ali et al. 2011). 

A group of wind turbines is known as a wind farm. A large wind farm may consist of several 

hundred individual wind turbines, cover a large geographical area and be located offshore 

or on land.  

Wind farms in Australia 

There has been a strong focus on wind power as an alternative to more traditional forms of 

energy production in Australia since the Renewable Energy Act 2000 was legislated8. Wind 

power is considered to be a clean renewable energy source with no carbon dioxide 

emissions.  

The first wind farm in Australia was constructed at Salmon Beach, Esperance (commissioned 

in March 1987), and consisted of six 60 kilowatt (kW) turbines (Ali et al. 2011). Towards the 

end of 2011 Australia had over 1 gigawatt (GW) of wind power installed (Table 1). By 

comparison, Europe had 57 GW operational in 2009 (European Wind Energy Association 

2009).  

The development of modern wind turbines has been an evolutionary design process, with 

performance optimisation occurring at many levels. Over the past 20 years wind turbines 

have evolved to minimise noise and to enable better exploitation of wind energy 

(Ellenbogen et al. 2012; Jakobsen 2005; Knopper & Ollson 2011). The majority of current 

large-scale wind turbines have a cylindrical tower structure (allowing internal access) and 

highly contoured turbine blades. Table 1 provides an overview of operational wind farms 

over 1 megawatt (MW) capacity in Australia until 2011 (Barry & Yeo 2011). 

  

                                                      

7
 The rotor plane includes the blades, and the hub turns so that the wind is perpendicular to the plane.  

8
 <http://www.comlaw.gov.au/Details/C2012C00858> 
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Table 1 Wind farms operating in Australia by commissioning date 

Commissioned Project name State Developer Size (MW) 

1998 Crookwell NSW Eraring Energy 4.8 

2000 Blayney NSW Eraring Energy 9.9 

2000 Windy Hill QLD Stanwell 12.0 

2001 Hampton NSW Wind Corporation Australia 1.3 

2003 Starfish Hill SA Transfield Services 34.5 

2004 Canunda SA International Power/Wind 
Prospect 

46.0 

2004 Lake Bonney Stage 1 SA Infigen Energy 80.5 

2005 Cathedral Rocks SA Hydro Tasmania & Acciona 
Energy 

66.0 

2005 Mount Millar 
(Yabmana) 

SA Tarong Energy, Transfield 
Services 

70.0 

2008 Hallett 1 (Brown Hill) SA AGL 94.5 

2008 Lake Bonney Stage 2 SA Infigen Energy 159.0 

2008 Snowtown SA TrustPower 98.7 

2009 Capital Wind Farm NSW Infigen Energy 140.7 

2009 Cullerin Range NSW Origin Energy 30.0 

2009 Hallett 2 (Hallett Hill) SA AGL 71.4 

2009 Lake Bonney Stage 3 SA Infigen Energy 39.0 

2010 Clements Gap SA Pacific Hydro 56.7 

2010 Waterloo SA Roaring 40s 111.0 

2011 Hallett 4 (North Brown 
Hill) 

SA AGL 132.3 

Source: Barry and Yeo (2011) 

In Australia the state and territory governments oversee the placement of wind turbines. 

However, where there is a perceived threat to endangered or migratory animals, major 

wetlands or heritage sites, the federal government has regulatory powers (Haugen 2011).  

How power is produced by wind turbines 

Wind power is produced from the kinetic energy of air movement. Not all the available 

power in the wind can be captured by a wind turbine. The power available to a wind turbine 

can be estimated from the cube of the wind speed and the square of the rotor radius; that 

is, wind power is proportional to the third power of the wind velocity (Raymond 2012). To 

estimate the wind power captured by a wind turbine, both input and output wind velocities 

are crucial elements for consideration. Total wind power is captured only if the wind 

velocity is reduced to zero. However, in the practical setting, this is impossible to achieve as 

the captured air must also exit the turbine (Ellenbogen et al. 2012). Using Betz’s law, it is 
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estimated in the literature that the maximum achievable wind power capture by a wind 

turbine is 59% of the total theoretical efficiency (Grogg 2005). Modern turbines have very 

large rotors to maximise the power obtained, noting that the number of rotor blades and tip 

speed also influence performance (i.e. solidity); however, trade-offs exist in terms of weight, 

cost and noise (Ellenbogen et al. 2012). Loss of energy from rotor blade friction and drag, 

gearbox losses, and generator and converter losses all contribute to reducing the power 

delivered by a wind turbine (Ellenbogen et al., 2012; Grogg 2005; Harding, Harding & Wilkins 

2008; Hawkins 2012; Knopper & Ollson 2011). 
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REVIEW METHODOLOGY 

A protocol was developed to guide the conduct of the project. It outlined the scope of the 

review, research questions, and for the systematic review questions it provided the criteria 

for selecting and critically appraising studies, templates for extracting data and methods for 

synthesising the results obtained from the evidence-base. The protocol was developed in 

conjunction with the Reference Group. 

The protocol was closely followed throughout the conduct of the review, and the methods 

are described below. The review methods differed depending on whether the question 

being addressed was a systematic review question or a background review question.  

Methodology to address background review questions 

A broad literature search was conducted to inform Background Questions 1–3, and 6. This 

included basic information needed to understand the issues under investigation, along with 

information from peer-reviewed literature (i.e. narrative expert reviews and primary 

research reports) and technical reports and analyses produced by expert panels and 

environmental health agencies. It is important to note that this part of the review was not 

required to be performed systematically; thus, systematic searching and selection of studies 

was not undertaken. At the Reference Group’s request, the aim was to provide a broad 

outline of the pertinent issues and to describe the circumstances under which wind farms 

operate and may impact on human health. The search was limited to information published 

after the establishment of the first commercial wind farm in 1981, and information was only 

included if it was relevant to humans and published in English. The search for relevant 

literature also included pearling9 of the reference lists of relevant reviews and reports, and 

snowballing10 to identify related pertinent literature. Background Question 5 was effectively 

answered by all the systematic review questions, and so it is not addressed or labelled 

separately in the Results section of this document. 

Background Question 411 required a different approach. Although this question was not 

answered using a systematic literature review, as with the other background questions, a 

more systematic approach was applied given that it was about biological plausibility, and so 

could be material to the strength of conclusions arrived at using the proposed theoretical 

causality framework (page 40).  

The literature search for Background Question 4 did not have chronological limits, but was 
limited to studies of humans that were published in English. To facilitate the identification of 

9
 Definition is in the Glossary. 

10
 Definition is in the Glossary. 

11
 BQ4: Is there basic biological evidence, or evidence from research into other circumstances of human 

exposure to noise emissions, that make it plausible that wind turbines cause adverse health effects? 

    M
ETH

O
D

S 
Exhibit A4-2c

Page 27 of 296
 

014166



28 

 

high-level evidence, only the peer-reviewed literature was eligible. Studies classified by the 
NHMRC evidence hierarchy (Merlin, Weston & Tooher 2009) (Table 4) as level I and II for 
aetiology studies were considered for this question; however, there was provision to look at 
lower level evidence if there was limited high-level evidence available. Given the restriction 
by study design and the exploratory nature of this background question, no formal quality 
appraisal was conducted. The search strategy for Background Question 4 is described in 
Table 2. If additional specific physical emissions related to wind turbines had been identified 
in Background Question 2, that were not covered by the search terms outlined in Table 2 
(e.g. vibrations through the ground), additional searches would have been performed to 
assess these separately; however, this situation did not arise. Literature on each a priori 
identified exposure (audible sound, inaudible or low-frequency sound, shadow flicker and 
electromagnetic radiation) attributed to wind turbines was identified, and only studies that 
fulfilled the eligibility criteria were considered. 

Table 2 Search strategy and criteria for selecting evidence to inform Background 

Question 4 

Question: are there 

human health effects 

associated with: 

Search terms for PubMed and Embase Eligibility criteria 

Audible noise 

(greater than or equal 

to 20 Hz) 

1) PubMed: "Noise/adverse effects"[Mesh] 

AND (Cohort studies[Mesh] OR cohort 

analysis) 

2) PubMed: "Noise/adverse effects"[Mesh] 

AND systematic[sb] 

3) Embase: 'noise injury'/exp AND  

 'human'/de AND ('article'/it OR 

'review'/it) AND [english]/lim 

 ('clinical trial'/de OR 'cohort 

analysis'/de OR 'controlled clinical 

trial'/de OR 'controlled study'/de OR 

'longitudinal study'/de OR 

'prospective study'/de OR 

'randomized controlled trial'/de) AND 

[humans]/lim AND [english]/lim 

 

Level I evidence: 

systematic reviews of 

level II evidence; level 

II evidence: 

prospective cohort 

studiesa 

 

Limited to studies of 

humans and those in 

English 

 

No chronological limits 

Infrasound (less than 

20 Hz) 

Shadow flicker 

(photosensitivity 

greater than 3 Hz) 

1) PubMed: (“shadow flicker” OR photic 

stimulation/adverse effects OR 

seizures/etiology OR epilepsy 

reflex/etiology) AND (Cohort 

studies[Mesh] OR cohort analysis) 

2) PubMed: (“shadow flicker” OR photic 

stimulation/adverse effects OR 

seizures/etiology OR epilepsy 

Exhibit A4-2c

Page 28 of 296
 

014167



29 

 

reflex/etiology) AND systematic[sb] 

3) Embase: ('shadow flicker' OR 'shadow' 

OR 'flicker') AND ('photic stimulation'/exp 

OR 'seizure'/exp OR 'seizure 

susceptibility'/exp OR 'adverse effects' 

OR annoyance) AND  

 'human'/de AND ('article'/it OR 

'review'/it) AND [english]/lim 

 ('clinical trial'/de OR 'cohort 

analysis'/de OR 'controlled 

clinical trial'/de OR 'controlled 

study'/de OR 'longitudinal 

study'/de OR 'prospective 

study'/de OR 'randomized 

controlled trial'/de) AND 

[humans]/lim AND [english]/lim 

 

Electromagnetic 

radiation 

1) PubMed: (“Electromagnetic 

fields/adverse effects”[Mesh] AND 

“electric power supplies/adverse 

effects”[Mesh]) AND (Cohort 

studies[Mesh] OR cohort analysis) 

2) PubMed: (“Electromagnetic 

fields/adverse effects”[Mesh] AND 

“electric power supplies/adverse 

effects”[Mesh]) AND systematic[sb] 

3) Embase: (‘Electromagnetic field’/exp 

AND ‘power supply’/exp) AND 

  'human'/de AND ('article'/it OR 

'review'/it)) AND [english]/lim 

  ('clinical trial'/de OR 'cohort 

analysis'/de OR 'controlled 

clinical trial'/de OR 'controlled 

study'/de OR 'longitudinal 

study'/de OR 'prospective 

study'/de OR 'randomized 

controlled trial'/de) AND 

[humans]/lim AND [english]/lim 
a 

Due to limited level I or level II evidence being identified, the review included studies of lower level evidence 

(level III-1 and III-2). As no case-control studies (level III-3) were identified, these were not included. See 

Table 30, Table 33 and Table 38 for study details. 

Background Question 6 and the systematic review questions had a similar focus on the 

effect of potential confounding factors on observed associations between wind turbines and 

adverse health effects. Where there was overlap in the questions, this was labelled 
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accordingly in the Results section of the report. When there was no element of overlap 

between the systematic review questions and Background Question 6, the questions were 

labelled separately in the Results section of the report.  

Methodology to address systematic review questions 

Literature search strategy 

The search strategy for the systematic review investigated both the peer-reviewed (black) 

literature and grey literature12. Grey literature sources often include a combination of both 

black and grey literature, and black literature often includes grey literature that has 

subsequently been published, so overlap in results between the two search strategies was 

expected.  

The search canvassed the following databases: PubMed, Embase.com, The Cochrane 

Library, Psycinfo and Web of Science (the latter refined by health-related web of science 

categories, e.g. public/environmental/occupational health). Relevant papers had their 

reference lists pearled for papers that may have been missed in the searches. The search 

was limited to papers that were published after the first commercial wind farm was 

established in 1981, involved humans and were published in English. Searches of the peer-

reviewed literature were not restricted according to study design. 

Scoping searches revealed a paucity of peer-reviewed studies; therefore, the search terms 

were kept broad to ensure that no studies were missed. It was considered likely that the 

available literature would consist primarily of observational studies13. The search strategy 

for the peer-reviewed literature is described in Table 3, using the example of the Medical 

Subject Headings (MeSH) appropriate for PubMed. Equivalent indexing terms were used for 

other databases.  

  

                                                      

12
 Definition is in the Glossary (source: http://www.greynet.org/greynethome/aboutgreynet.html). 

13
 It was not expected that experimental evidence (e.g. from randomised controlled trials) would be available 

to inform the systematic review questions. 
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Table 3 Search terms to identify evidence to inform the systematic review questions 

Peer-reviewed literature search terms (PubMed example) 

(wind[all fields] AND (turbine*[all fields] OR farm[all fields] OR farms[all fields] OR tower*[all fields] 

OR energy[all fields] OR technology[all fields] OR energy generating resources[MeSH] OR electric 

power supplies[MeSH])) OR wind turbine syndrome[all fields] OR Wind power[all fields] 

 

Limits: 1981 – 10/2012; English language; human studies 

 

Scoping searches indicated that there was a considerable amount of grey literature available 

on this topic. The grey literature search included use of Google Scholar, databases of 

conference proceedings, known grey literature sources, and selected government and 

scientific association websites (see APPENDIX A). The search strategy also included pearling 

of relevant reviews and reports and snowballing techniques to locate articles and reports in 

obscure locations.  

In addition to literature obtained through these methods, NHMRC had called for public 

submissions of relevant non-peer-reviewed literature to inform the systematic review. 

These submissions were only eligible for consideration if they were: 

 publicly available from a readily accessible source; 

 described the systematic collection and analysis of data; and 

 reported analytical results that were relevant to wind farms and human health. 

Literature, whether peer reviewed or not, was not eligible for consideration if: 

 the observations lacked organisation or analysis; 

 it was an expression of opinion and was not based on the results of research; or 

 it was based solely on haphazardly collected or unstructured personal testimony. 

Public submissions to the NHMRC that met these screening criteria were then assessed as to 

whether they addressed the systematic review questions. This was determined using 

selection criteria pre-specified in the protocol for the review (see below and Box 1).  

Study selection criteria 

Studies eligible for inclusion in the systematic review had one of the designs described in 
the NHMRC evidence hierarchy for aetiology questions (Table 4), including systematic 
reviews of each of the study designs. These designs were eligible because they allow the 
impact of an exposure on health outcomes to be measured. Level IV studies were included if 
they were cross-sectional studies that provided results for respondents who were exposed 
to different sound pressure levels (SPLs) or who were living at different distances from wind 
turbines; that is, subgroup analysis according to level of exposure (for which distance from 
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wind turbines is a surrogate) was allowed. Studies without a within-group or between-group 
comparison (i.e. case series14) were excluded on the advice of the Reference Group.  
The Reference Group was aware of literature stating that case reports should be considered 

when assessing the health effects of wind turbines (Phillips 2011). However, individual case 

reports and collations of case reports (e.g. where all participants were selected because 

they had a health problem they attributed to wind turbines) were excluded from this 

systematic review because they provide no objective information by which reported health 

problems could be related to presence of, or amount of exposure to, wind turbines. Case 

reports and case series can be useful in generating hypotheses about the health effects of 

particular exposures, but they are not useful for testing these hypotheses except where a 

causal connection between exposure and health outcome is self-evident from the report 

(as, e.g., in the case of the ‘mother’s kiss’; Howick, Glasziou & Aronson 2009). 

Examples of literature identified as opinion pieces, editorials or other papers without a clear 

study design and description of methods and results were not included. No limitations were 

placed on study outcomes—any study that had any type of adverse health effect as an 

outcome was eligible for inclusion in the review. These criteria were delineated using the 

PECOT structure15, which is appropriate to the assessment of epidemiological studies that 

would be addressing each of the systematic review questions (see Box 1). 

Exclusion criteria 

Studies were excluded if: 

 They could not be located within the time allowed for the review; 

 They exclusively studied a sample of people who had health or annoyance complaints 

that they attributed to wind turbines / wind farms; or 

 There was no comparison group; that is, the results were not divided into two or more 

different exposure groups according to distance from wind turbines or SPL. 

Process of literature selection 

The literature selection process is depicted through a modified PRISMA flowchart (Figure 1) 

(Liberati et al. 2009) that separates out the grey and black literature and indicates the 

amount of cross-over between passive searching (literature submitted to the NHMRC) and 

active searching. Literature was initially screened conservatively16 by one reviewer for each 

of the grey and black literature searches, on the basis of the collated study titles and 

abstracts. Different reviewers were used to screen each of the searches as it was considered 

                                                      

14
 Definition is in the Glossary. 

15
 Population/participants, Exposure, Comparator, Outcomes, Time 

16
 If the paper simply related to wind turbines and health, or related, effects it was included at the screening 

stage. 
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likely that there would be overlap in the literature that was identified by the searches and 

duplicate screening is preferred if the resources and time are available. Full papers of the 

studies deemed potentially eligible were then retrieved and independently assessed for 

inclusion by two reviewers. Where there was doubt about study eligibility, two senior 

reviewers read the paper and there was discussion between all four reviewers until a 

consensus decision was made. Studies that met the inclusion criteria in Box 1, but were 

subsequently excluded, are listed in APPENDIX C and categorised by their reason for 

exclusion.  

Box 1 Criteria for selecting studies to assess the impact of wind farms on human 

health 

Characteristic Inclusion criteria 

Study design Studies with the designs described in  

Table 4 were included.a 

Population/participants People living within proximity of a wind farm / wind turbines 

Subgroup analysis by distance from wind farm / wind turbine 

Exposure Physical emissions produced by wind farms / wind turbines, 

specifically: 

 noise (≥20 Hz) 

 infrasound (<20 Hz) 

 shadow flicker (photosensitivity >3 Hz) 

 electromagnetic radiation 

Subgroup analysis by level of exposureb for each of these exposures. 

Comparator / control (if 

included) 

No exposure to the physical emissions produced by wind farms / wind 

turbines, i.e. people not living within proximity of a wind farm / wind 

turbine 

Outcomes Any reported adverse health effects 

Time No restriction on the time period within which adverse health effects 

can be reported, with the exception that they should occur 

subsequent to the exposure 

Search period 1981c – 10/2012 

Language English language only 
a 

Case series were excluded on the advice of the Reference Group, given the lack of any comparison group. 
b 

Exposure rate or cumulative exposure (i.e. intensity or intensity x duration). 
c
 First commercial wind farm established. 
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Critical appraisal of selected evidence 

Each systematic review question asked whether an observed association was likely to be 

due to bias, confounding or chance.  

Bias is defined in the Glossary (page 181) as a systematic deviation of results or inferences 

from truth. In a study it relates to an inaccuracy that differs in its size or direction in one of 

the groups under study than in the others ... this is a serious problem as bias can influence 

the results of a study in any direction. It can produce measurements of association that are 

exaggerated, and may produce strong associations when there is no true difference between 

the groups being compared. (Elwood 2010) 

Bias often occurs when there is a systematic difference between groups in the method used 

to assess a health outcome, whether by the person being studied, the investigator or an 

observer. The main principle in avoiding bias is to ensure that the same methods are used 

under the same circumstances for all people involved in the study. This can be achieved, 

where possible, through double- or single-masking techniques; that is, so that the research 

subject and/or the researcher are not aware of the exposure status when determining the 

outcome, or vice versa. This is sometimes too difficult to achieve, in which case the choice 

of outcome measure is important. The outcome measures must not only be relevant to the 

causal hypothesis, but must also be chosen to be objective, reproducible and robust (i.e. 

unlikely to be influenced by variations in the method of testing) (Elwood 2010). 

Confounding is defined as the distortion of a measure of the effect of an exposure on an 

outcome due to the association of the exposure with other factors that influence the 

occurrence of the outcome (International Epidemiological Association 2008). Several factors 

were considered to be plausible confounders of ‘adverse health effects’, the outcome of 

interest in the systematic review. These plausible confounders were identified in the 

protocol that guided the systematic review: 

 Age – If elderly people are more likely to develop heart disease (outcome) than 

younger people, and by chance the people living near a wind farm (exposure) who 

answered a health impact survey consisted of more elderly people than those living 

further away, it could appear that wind farm exposure was related to the 

development of heart disease. However, this might simply be an artefact of the 

unequal distribution of elderly residents in the two groups being compared. 

 Gender – Risks of certain health effects (e.g. heart disease, migraine, certain 

cancers) are often higher in one sex than the other. Thus, a different distribution of 

male and female study participants in those living close to wind turbines from those 

living further away might result in an apparent association between wind turbine 

exposure and a health effect that was wholly or partly an artefact of the variation in 

gender distribution.  
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 Education – People with a poorer education often have a poorer health status, 

perhaps through lack of knowledge about appropriate prevention and management 

strategies. If there is a different distribution of people with primary, secondary and 

tertiary schooling according to their proximity to wind turbines, then it may result in 

an apparent association between wind turbine exposure and a health effect that 

was wholly or partly due to variation in educational attainment. 

 Chronic disease – If study participants with pre-existing comorbidities and ailments 

or existing medication use were more likely to be located in areas designated for 

wind turbine construction or likely to move to an area that is near a wind turbine, 

this might give the appearance of an association between adverse health effects 

and wind turbine exposure. Similarly, differential distribution of study participants 

with behavioural and other risk factors for chronic disease, by distance from wind 

farms, could also result in an apparent association between wind turbine exposure 

and adverse health effects. Such risk factors include smoking (because of its 

relationship with numerous diseases, such as heart and other cardiovascular 

diseases, many lung diseases and a number of cancers) and overweight and obesity 

(because of their relationship with diabetes, sleep apnoea and heart disease). It is 

possible that there would be differences in the frequencies of these risk factors 

between study participants living at different distances from wind farms. It is 

known, for example, that people living in rural and remote regions of Australia, 

where wind farms are more likely to be located, often have higher rates of obesity, 

alcohol use and smoking than those living in more urban settings17. This might also 

be the case in other countries.  

 Occupation – People who undertake shift work often have more disturbed sleep 

patterns and poorer health outcomes than people working ‘normal’ hours. Similarly, 

certain occupations are associated with particular health risk factors and diseases 

(e.g. mining and lung diseases). Therefore, if the distribution of occupations of study 

participants varies according to wind turbine proximity, it is possible that any 

apparent associations of wind turbines and health outcomes are the result of 

differences in ‘worker profile’ between those who live close to wind turbines or at a 

distance.  

 Economic factors – The risk factors mentioned above are also more common in 

people of lower socioeconomic status (SES). People of lower SES tend to have a 

higher risk of many diseases, partly because of a greater likelihood of having disease 

risk factors (such as smoking, excessive use of alcohol and overweight or obesity) 

but also because of less tangible factors, such as their “status” in society. These 

people may be less likely to take actions that might prevent disease and to have less 

access to services that maintain health or control disease (which may also occur 

                                                      

17
 http://www.aihw.gov.au/rural-health-risk-factors/  
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with remoteness of residence). SES might confound associations between exposure 

to wind turbines and health effects in at least two ways. First, it is plausible that a 

higher proportion of people living close to wind turbines are gaining financially from 

having turbines sited on their land and that confounding of economic gain with wind 

turbine exposure might lead to fewer health effects in people living near wind 

farms. Second, there might be a higher proportion of people of lower SES living 

close to wind turbines because those of higher SES have been able to move away. 

While this, of itself, would increase the proportion of lower SES people close to wind 

turbines, the movement of higher SES people could lead to lower cost housing 

nearer wind turbines and attract lower SES people there. 

Other factors identified and addressed in some of the studies collated for this review 

include terrain, urbanisation, background noise, noise sensitivity, turbine visibility, 

household clustering, housing, and residence duration. Depending on the associations being 

tested, some of these factors were considered as potential confounders of health outcomes, 

while others were considered as potential confounders of annoyance outcomes. 

Confounding can be prevented by prospectively randomly allocating people to the different 

groups—if the sample size is large enough, both known and unknown confounders will 

generally be equally distributed between the exposure groups. It can also be prospectively 

addressed in cohort studies through matching individuals in the different groups according 

to known confounders. Neither of these study designs was presented in the direct evidence 

available for this review.  

In observational studies of the kind typically provided to investigate the association of wind 

turbine exposure and adverse health effects in this review, confounding was usually 

addressed by analysis within strata of the confounding variable, or statistical adjustment 

(usually by way of a regression model of some kind) of the observed results for the effects of 

one or more measured confounders. Unknown or unmeasured confounders cannot be 

controlled in such studies and control of measured confounders is incomplete if 

measurement is inaccurate. 

The other factor that can influence the validity of an association between exposure and 

outcome is chance variation; that is, an association might be observed simply because of 

chance variation in the distribution of exposure or outcome in the groups being compared. 

Statistical ‘significance’ testing is aimed at determining whether the difference in outcome 

between different exposure groups is larger than would be expected to occur purely by 

chance. This is usually represented by a probability value (P (or p) value), which is an 

estimate of the probability that an observed association has occurred by chance (e.g., if a 

p value = 0.001, the probability that the observed association has occurred by chance is 

estimated to be 1 in 1000). Confidence intervals (CI) are also used to express the possible 

effects of chance on an estimated statistical measure (e.g. incidence rate or relative risk). 
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They estimate the interval within which the ‘true’ or population value of the measure falls 

most of the time (e.g. 95% of the time for a 95% CI and 99% of the time for a 99% CI). In 

summary, p values and CIs attempt to quantify the degree of uncertainty in a statistic; in this 

review this is mostly a measure of the association between an exposure and an outcome. 

To evaluate the influence of these three factors on the results of the studies included in this 

review, two complementary approaches were used.  

Each included study was categorised according to NHMRC aetiology levels of evidence, as 

described in Table 4 (Merlin, Weston & Tooher 2009; NHMRC 2008). This hierarchy is 

included in the FORM grading system (see below) and indicates the degree to which study 

results are likely to be affected by different types of bias simply because of the way the 

study has been designed. For example, the results of cross-sectional studies are often 

affected by recall bias18, so they are placed at the bottom of the hierarchy. Prospective 

cohort studies prospectively define how health outcomes are to be measured, and for this 

reason (among others) they are placed near the top of the hierarchy.  

It was determined a priori that study quality would be appraised using an adaptation of the 

checklist by Downs and Black, which has been validated for use across multiple study 

designs, both experimental and observational controlled studies that assess interventions 

(Downs & Black 1998). It also contains enough detail to ensure that potential confounders 

are identified, and that the impact of bias and chance are specifically addressed. However, 

as no controlled studies were identified during the review, an NHMRC checklist (Box 9.1 in 

NHMRC 2000)—which was designed to critically appraise aetiology or risk factor studies—

was used to assess the studies for influence of bias and confounding (incorporated within 

Table 7, page 46). The effect of chance on study results was considered when interpreting 

the statistical analyses presented. Two reviewers critically appraised each of the included 

studies independently, and a summary judgement was made regarding the methodological 

quality. When there was a lack of consensus, two senior reviewers were consulted and the 

study was re-appraised and discussed until a consensus decision was obtained. 

 
  

                                                      

18
 Recall bias (or response bias) is a difference between compared groups in the accuracy with which they 

report past events, or personal behaviour or experience, in response to questions. 
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Table 4 NHMRC evidence hierarchy: designations of levels of evidence (excerpt)—

aetiology research question only  

Level Aetiologya  

Ib A systematic review of level II studies 

II A prospective cohort study 

III-1 All or nonec 

III-2 A retrospective cohort study 

III-3 A case-control study 

IV A cross-sectional study or case series 

a Definitions of these study designs are provided on pages 7–8 in How to use the evidence: assessment and 
application of scientific evidence (NHMRC 2000) and in its accompanying Glossary. 

b
 A systematic review will only be assigned a level of evidence as high as the studies it contains, excepting 

where those studies are of level II evidence. Systematic reviews of level II evidence provide more data than 

the individual studies, and any meta-analyses will increase the precision of the overall results, reducing the 

likelihood that the results are affected by chance. Systematic reviews of lower level evidence present results 

of likely poor internal validity, and thus are rated on the likelihood that the results have been affected by 

bias rather than whether the systematic review itself is of good quality. Systematic review quality should be 

assessed separately. A systematic review should consist of at least two studies. In systematic reviews that 

include different study designs, the overall level of evidence should relate to each individual outcome/result, 

as different studies (and study designs) might contribute to each different outcome. 

c
 All or none of the people with the risk factor(s) experience the outcome; and the data arises from an 
unselected or representative case series that provides an unbiased representation of the prognostic effect. 
For example, no smallpox develops in the absence of the specific virus; and clear proof of the causal link has 
come from the disappearance of smallpox after large-scale vaccination. 

Sources: Merlin, Weston and Tooher (2009); NHMRC (2008) 

Data extraction and synthesis 

Relevant data were independently extracted by two reviewers from the included studies, 

using the data extraction form proposed by the NHMRC but modified to address questions 

of aetiology (APPENDIX B).  

The studies available were limited and heterogeneous and so could not be combined 

quantitatively in meta-analysis. The review findings were, therefore, synthesised into an 

overall narrative that addressed each of the review questions, with better quality studies 

given greater credence in the development of conclusions. This synthesis was informed by 

the use of the NHMRC Evidence Statement FORM grading system (Hillier et al. 2011; 

NHMRC 2008). FORM was amended to more clearly indicate that the factor under study was 

an exposure rather than an intervention, and that the aim was to elucidate the nature of the 

association between a health outcome and a potential causative factor.  
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The FORM system allows the evidence to be appraised in terms of methodological rigour 

(level of evidence and likelihood of bias and confounding)19, consistency of results, 

magnitude and precision of the estimates of human health effects, and generalisability and 

applicability of the findings to the Australian context. On the basis of this appraisal, the body 

of evidence to address each systematic review question is rated A to D, with an A rating 

indicating good support and a D rating indicating poor support for the association being 

tested (see Box 2). Evidence Statement Forms20 were used to synthesise the body of 

evidence for each systematic review question and to draw a conclusion; these are given in 

each relevant ‘exposure’ chapter in the ‘Results’ section of this document. As the system is 

primarily intended for the development of clinical practice guidelines, evidence statements, 

as opposed to recommendations, were developed for the consideration of the Reference 

Group.  

Box 2 Rating method used to determine degree of support for an association (adapted 

from NHMRC FORM system) 

Evidence statement rating Description 

A Findings from the body of evidence can be trusted. 

B Findings from the body of evidence can be trusted in most 
situations. 

C The body of evidence has limitations and care should be 
taken in the interpretation of findings. 

D The body of evidence is weak and findings cannot be trusted. 

 

All of the evidence obtained was categorised and interpreted in the context of 

epidemiological guidelines developed by Austin Bradford Hill (and modified by Howick, 

Glasziou and Aronson (2009)) to determine likely cause and effect in the absence of 

experimental evidence. These Guidelines suggest complementing the available direct 

evidence of the impact of an exposure or intervention (such as wind turbines) on an 

outcome (such as adverse health effects) with mechanistic and parallel evidence, in order to 

determine likely cause and effect (see Table 5). Mechanistic evidence consists of studies 

that investigate the alleged causal mechanism that connects the exposure to health 

outcomes. Parallel evidence consists of studies that have similar results and so provide 

support for a causal hypothesis. 

                                                      

19
 See ‘Critical appraisal of selected evidence’ section above. 

20
 Adapted from the NHMRC FORM grading system. 
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For our review of the plausible health effects of wind turbines, the ‘direct evidence’ 

consisted of the evidence addressing the systematic literature review questions. The 

background review questions were concerned with the physiological mechanisms by which 

noise, shadow flicker and EMR might produce adverse health effects (‘mechanistic 

evidence’), and whether any health effects have been observed from noise, shadow flicker 

and EMR produced by exposures other than wind turbines (‘parallel evidence’). 

Table 5 Conceptual framework to determine causality (modified Bradford Hill 

Guidelines) 

Type of evidence Guidelines 

Direct 

[evidence assesses impact 

of exposure on health 

outcomes] 

 Size of health effect not attributable to plausible confounding21 

 Appropriate temporal proximity—cause precedes health effect 

and effect occurs after a plausible interval 

 Appropriate spatial proximity—health effect occurs at the same 

location as the exposure 

 Dose-responsiveness—health effect changes according the 

intensity of the exposure 

 Reversibility—the health effect possibly produced by an 

exposure can be reversed by its removal 

Mechanistic 

[evidence investigates 

mechanisms that are 

supposed to connect the 

exposure to the health 

outcomes] 

 Mechanism of action (biological, chemical, mechanical)—can 

explain the association between the exposure and the purported 

health effect 

 Coherence—proposed mechanism of action (causal hypothesis) 

is consistent with, and is not contradicted by, other current 

scientific knowledge 

Parallel 

[related studies that have 

similar results] 

 Replicability—the impact of the exposure on health outcomes 

can be replicated in independent research conducted in exactly 

the same way as the original research 

 Similarity—all studies investigating the effect of the exposure on 

health outcomes report similar results 

Source: Howick, Glasziou and Aronson (2009) 

Quality assurance 

Upon completion, the review document underwent an independent methodological review 

and was rated as good quality by the National Collaborating Centre for Environmental 

Health (NCCEH) in Canada. 

  

                                                      

21
 Distortion of the association between an exposure and a health outcome by a third factor or variable 

(confounder) that is related to both. 
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RESULTS OF SEARCHES 

Background review questions (mechanistic and parallel evidence) 

The questions providing contextual information for this review of the association between 

wind farms and human health effects do not require a stepped and documented study-

selection approach. These questions were intended to elicit general information about the 

characteristics of wind turbines that might contribute to interpretation of the direct 

evidence identified through systematic literature review. The background literature 

obtained was consolidated and summarised; in-text citations were used to support all key 

statements. 

Systematic review questions (direct evidence) 

The black literature search identified a total of 1778 references; after review of titles and 

abstracts against the pre-specified eligibility criteria (Box 1, page 33), 30 remained as 

possibly relevant articles. After full-text retrieval of these 30 articles, 13 were excluded as 

they were not studies22. A further 10 studies were excluded for the following reasons: 4 

considered an exposure that was not relevant for this review (i.e. noise exposure other than 

living in the vicinity of a wind turbine), 2 included the wrong comparator (response to 

industrial and transportation noise), 1 used an unsuitable study design (qualitative design), 1 

was a duplicate of another included work, 1 did not measure a health outcome and 1 was 

not written in English (see excluded studies, APPENDIX C). The remaining 7 articles from the 

black literature search, reporting on 4 studies, met the pre-specified eligibility criteria and so 

were included in this review (Bakker et al. 2012; Pedersen 2011; Pedersen & Larsman 2008; 

Pedersen et al. 2009; Pedersen & Persson Waye 2004, 2007; Shepherd et al. 2011). The 

study selection process is depicted in Figure 1. 

The search of grey literature databases identified a total of 1070 references (Figure 1); after 

exclusion based on type of article, title or abstract, there were 121 articles remaining that 

were potentially eligible. It was noted that there was considerable overlap of articles 

retrieved by the grey and black literature searches. Websites, abstracts from conference 

proceedings, technical documents and theses were assessed against the inclusion criteria. 

After retrieving 121 potentially relevant documents, 93 were excluded because they were 

not studies23. Of the remaining 28 articles, 9 were excluded as they considered non-health 

outcomes and 8 because they duplicated results from studies previously identified, 2 studies 

considered populations with an irrelevant exposure, 2 had an unsuitable study design 

                                                      

22
 Five articles were commentary/opinion papers, 3 were narrative reviews, 3 discussed wind energy, 1 

contained wind turbine background material, and 1 discussed wind farm regulations. 

23
 Twenty-six were discussion articles on wind energy, 20 were commentary/opinion papers, 19 were narrative 

reviews, 14 discussed guidelines or regulations, and 14 provided background on wind turbines. 
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(qualitative design; case reports), and 1 was excluded as it was not written in English24. 

Conference abstracts identified as potentially being eligible were found to be either 

published later in full as technical papers or published in the peer-reviewed literature.  

Of those articles that were considered possibly eligible (30 black and 121 grey articles), 

there were 9 excluded that were common to both the black and grey searches. Six relevant 

articles were identified in the grey literature database search. Of these, 5 were duplicates of 

studies included from the black literature search. The remaining article by Nissenbaum, 

Aramini and Hanning (2011) was updated by a more recent version submitted to the 

NHMRC (Nissenbaum, Aramini & Hanning 2012) (see below). Hence, no additional articles 

from the grey literature search were eligible to contribute to the total evidence-base.  

In addition to the systematic search, submissions of grey or published literature were 

provided by the NHMRC to AHTA for consideration in the review (APPENDIX D). These 

submissions included material from NHMRC files on wind farms and human health, material 

that had been previously submitted to the NHMRC by stakeholders, and material that was 

submitted to the NHMRC for consideration in the review during the public call for literature 

conducted in September 2012 (hereafter referred to collectively as ‘the submissions’). Some 

of the submissions were websites or citations for which the full text needed to be retrieved. 

Of the 506 submissions, the full text of 5 documents was either not found or not sighted in 

time for inclusion in this review. Ten submissions were considered to fit the selection 

criteria determined a priori (and were not already identified or included) for this review; 6 

of which were subsequently excluded. One of these (Phipps, McCoard & Fisher 2008) 

reported on preliminary results from a survey on the visual and noise effects of wind 

turbines; however, on further investigation it was determined that health outcomes were 

not reported. A study by Nissenbaum, Aramini and Hanning (2012) was identified in the 

submitted literature which updated an older version identified in the systematic grey 

literature search (also referred to above). Wang (2011) provided information on the same 

study as Morris (2012). Harry (2007), Iser (2004) and Pierpont (2009) were case reports and 

case series, and so were excluded on the advice of the Reference Group (see page 30).  

Thus, overall, 4 articles were included in this review from submissions, 3 of which were 

individual studies (Krogh et al., 2011; Morris 2012; Nissenbaum, Aramini & Hanning 2012), 

while 1 provided additional data to the study by Bakker et al. (2012) found in the black 

literature search (van den Berg et al. 2008).  

In total, the black, grey and submitted literature yielded 7 studies that were discussed in 11 

articles that met the criteria for inclusion in this review (see flowchart, Figure 1).  

 

  

                                                      

24
 An English translation was identified and the reference was found not to be a study. 
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a 

Study design unsuitable—qualitative study design; case reports  
b 

Outcomes unsuitable—sound or noise level measures, sound directivity, attitude or other non-health-related 
outcomes  

c 
Duplicate study or data—the study duplicates the work or data reported in a previously identified and 
included study  

d 
Exposure unsuitable—exposure is noise from sources other than wind turbines  

e 
Comparator unsuitable—comparisons between groups exposed to different noise sources 

f 
The 11 included articles reported on a total of 7 studies. 

Figure 1 Process of study selection according to eligibility criteria in Box 1 

Black literature 
(systematic search of 
peer-reviewed literature) 

1778 articles 

Grey literature 
(systematic search of non-
peer-reviewed literature) 

1070 documents 

NHMRC  
(submissions) 
506 documents 

30 articles 121 documents 

Exclusions based 
on title/abstract: 
1748 articles 

 

**Exclusions based on 
study type / document 
type / title / abstract / 
availability / duplication: 
502 documents 
 
**See APPENDIX D for 
details on reasons for 
exclusion  

 

7 articles 6 documents 

4 articlesf 

* Basis for exclusion 
according to pre-defined 
eligibility criteria (for further 
details see APPENDIX C):  

Study design unsuitablea 2 
Outcomes unsuitableb 10 
Duplicate study or datac 8 
Exposure unsuitabled 6 
Comparator unsuitablee 2 
Language not English 2 

Document is not a study: 
Wind energy discussion 29 
Commentary/opinion 22 
Narrative review 19 
Wind turbine background 15 
Guidelines, regulations 14 

* 9 exclusions were common 

to black and grey searches  

Duplicates of black 
literature inclusions: 5 
Update identified in 
NHMRC submissions: 1 

 

7 articlesf 0 articles 

Exclusions based on 
title / abstract / 
document type: 949 

documents 

Exhibit A4-2c

Page 43 of 296

V 
,. 

I". / 

,, ,, 

 
014182



44 

 

The results of three of the studies (SWE-00, SWE-05, NL-07), which shared aspects of a 

common protocol, were distributed across seven publications (see Table 6). These and the 

other studies provide evidence regarding the effects of noise from wind turbines on health 

or other factors that may relate to health, such as annoyance. In addition to the effects of 

noise, one study reported results for the effects of shadow flicker on annoyance. No studies 

were identified that explicitly considered the effects on human health of ‘infrasound and 

low-frequency noise’ or ‘electromagnetic radiation’ produced by wind turbines.  

No other physical emissions associated with adverse health effects were apparent from the 

literature obtained. 

Table 6 Evidence map of literature obtained to answer the systematic review 

questions 

Study 

identifier 

Most 

comprehensive 

report 

Study 

location 

Articles contributing additional data on the 

study and/or providing additional analyses or 

comparisons between studies 

NL-07 

 

Bakker et al. 

(2012) 

The 

Netherlands 

Van den Berg et al. (2008) 

Pedersen et al. (2009) 

Pedersen (2011) 

Krogh et al. 

(2011)  

 

Krogh et al. 

(2011) 

Ontario, 

Canada 

 

Morris (2012) 

 

Morris (2012) 

 

South 

Australia 

 

Nissenbaum, 

Aramini and 

Hanning 

(2012) 

 

Nissenbaum, 

Aramini and 

Hanning (2012) 

 

Maine, USA  

SWE-00 

 

Pedersen and 

Persson Waye 

(2004) 

Sweden Pedersen and Larsman (2008) 

Pedersen (2011) 
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SWE-05 

 

Pedersen and 

Persson Waye 

(2007) 

Sweden Pedersen and Larsman (2008) 

Pedersen (2011) 

Shepherd et 

al. (2011) 

 

Shepherd et al. 

(2011) 

 

New Zealand  

 
 
Profiles of each of the 7 included studies, and references to the articles reporting on each, 

are given in Table 7. In Table 7 attention is given to the domains suggested by the NHMRC 

for the quality appraisal of aetiologic or risk factor studies, along with assessments of bias, 

confounding, chance and overall study quality. More detailed information on outcome 

measurement and the results obtained in these studies is given in each of the ‘emission’ 

chapters to follow. Additional information on each of the articles is provided in APPENDIX B. 
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Table 7 Profile of the studies included to address the systematic review questions (critical appraisal adapted from NHMRC 2000, Box 9.1)  

Further details on the included studies and the study results are given in the chapters that are specific to the different exposures. 

Study 

identification 

The Netherlands 

NL-07 

Bakker et al. 

(2012) 

Ontario, Canada 

Krogh et al. (2011) 

 

Australia  

Morris (2012) 

 

Maine, USA 

Nissenbaum, 

Aramini and 

Hanning (2012) 

Sweden 

SWE-00 

Pedersen and 

Persson Waye 

(2004) 

Sweden 

SWE-05 

Pedersen and 

Persson Waye 

(2007) 

New Zealand 

Shepherd et al. 

(2011) 

Study type Cross-sectional 

self-report 

questionnaire 

 

N=725 

Cross-sectional 

self-report 

questionnaire 

 

N=109 

Cross-sectional 

self-report 

questionnaire 

 

N=93 households 

Cross-sectional 

self-report 

questionnaire 

 

N=79 

Cross-sectional 

self-report 

questionnaire 

 

N=351 

Cross-sectional 

self-report 

questionnaire 

 

N=754 

Cross-sectional 

self-report 

questionnaire 

 

N=198 

Articles 

contributing 

additional data
a
 

Van den Berg et 

al. (2008) 

Pedersen et al. 

(2009) 

Pedersen (2011) 

   Pedersen and 

Larsman (2008) 

Pedersen (2011) 

(Pedersen and 

Larsman (2008) 

Pedersen (2011) 

 

Characteristics of 

population and 

study setting 

Dutch population 

living in rural and 

urban settings 

within 2.5 km of 

wind turbines 

 

Mean age = 

51 years 

Residents in 5 

project areas in 

Ontario, Canada 

where adverse 

health effects had 

been anecdotally 

reported 

 

Households within 

10 km of Waterloo 

wind farm, South 

Australia  

 

No population 

characteristics 

reported 

Residents of Mars 

Hill and 

Vinalhaven Maine, 

USA – locations of 

wind farms 

 

Mean age of ‘far’ 

group older than 

Residents of 

southern Sweden 

living 150–1199 m 

from wind 

turbines 

 

Mean age = 

48±14 years 

Swedish 

population 

residing in wind 

turbine areas with 

differing terrain 

and levels of 

urbanisation 

 

Residents of 

Makara Valley, 

New Zealand living 

<2km or ≥8 km 

from a wind 

turbine 

 

Age distribution by 

Exhibit A4-2c

Page 46 of 296
 

014185



47 

 

Study 

identification 

The Netherlands 

NL-07 

Bakker et al. 

(2012) 

Ontario, Canada 

Krogh et al. (2011) 

 

Australia  

Morris (2012) 

 

Maine, USA 

Nissenbaum, 

Aramini and 

Hanning (2012) 

Sweden 

SWE-00 

Pedersen and 

Persson Waye 

(2004) 

Sweden 

SWE-05 

Pedersen and 

Persson Waye 

(2007) 

New Zealand 

Shepherd et al. 

(2011) 

 

% male = 51 

 

Fluency in English 

required 

 

Mean age = 

52 years  

 

% male = 48 

 

‘near’ group 

 

% male ‘near’ 

group = 58 

% male ‘far’ group 

= 44 

 

% male = 42 

 

 

Mean proximity to 

turbines 

= 780±233 m 

 

Mean age = 

51±15 years 

 

% male = 44 

 

group given in 

APPENDIX B 

 

% male ‘near’ 

group = 41 

% male ‘far’ group 

= 41 

Exposure 

considered 

Modelled sound 

pressure level 

outside residences 

near wind turbines 

in dB(A)  

 

Averaged over 

time with 8 m/s 

downwind; range 

= 21–54 dB(A), 

mean = 35 dB(A) 

 

Grouped into five 

dB(A) categories: 

Exposure to wind 

turbines (noise 

levels not 

reported) 

 

All residences 

located within 

2.4 km of wind 

turbines 

 

Distance from 

turbine: 350–

490 m, 24%; 55–

673 m, 23%;  

Exposure to wind 

turbines (noise 

levels not 

reported) 

 

Residences located 

within 10 km of 

wind turbines of 

wind turbines; 

subgroup within 

0–5 km 

 

Estimated sound 

levels due to wind 

turbines - derived 

from a four-season 

study conducted 

2 years previously  

 

Measurements 

were taken at 

specific distances 

and expressed as 

LAeq, 1 hour  

 

Modelled sound 

pressure levels in 

dB(A) outside 

residences located 

near wind turbines 

 

Grouped into six 

dB(A) categories: 

<30, 30–32.5, 

32.5–35, 35–37.5, 

37.5–40 and 

>40 dB(A) 

Modelled sound 

pressure levels in 

dB(A) estimated 

outside residences 

located near wind 

turbines  

 

Based on 

downwind 

conditions (±45°) 

with wind speed 

8 m/s at height 

10 m 

 

Exposure to wind 

turbines (noise 

levels estimated 

24–54 dB(A)) 

 

Exposed 

participants in 

dwellings (n=56 

homes) <2 km 

from the nearest 

wind turbine; non-

exposed controls 

resided (n=250 

homes) ≥8 km 

Exhibit A4-2c

Page 47 of 296
 

014186



48 

 

Study 

identification 

The Netherlands 

NL-07 

Bakker et al. 

(2012) 

Ontario, Canada 

Krogh et al. (2011) 

 

Australia  

Morris (2012) 

 

Maine, USA 

Nissenbaum, 

Aramini and 

Hanning (2012) 

Sweden 

SWE-00 

Pedersen and 

Persson Waye 

(2004) 

Sweden 

SWE-05 

Pedersen and 

Persson Waye 

(2007) 

New Zealand 

Shepherd et al. 

(2011) 

<30, 30–35, 36–40, 

41–45, >45 dB(A) 

700–808 m, 30%;  

900–2400 m, 17% 

Range = 32–52 dB 

 

Two exposure 

groups: ‘near’ 

within 1.5 km of 

turbines; ‘far’ 

group 3–7 km from 

turbines 

Respondents’ 

dwellings grouped 

in five dB(A) 

categories: <32.5, 

32.5–35.0, 35.0–

37.5, 37.5–40 and 

>40 dB(A) 

from a turbine 

Effects or 

outcomes 

considered 

Bakker et al. 2012 

Sleep disturbance, 

psychological 

distress scores 

(GHQ-12), 

annoyance 

outside, 

annoyance inside 

 

Van den Berg et 

al. (2008): 

(a) psychological 

distress (GHQ-12 

score and stress 

score); (b) any 

Self-reported 

adverse effects—

altered quality of 

life, altered health, 

disturbed sleep, 

excessive 

tiredness, tinnitus, 

stress, headaches, 

migraines, hearing 

problems, heart 

palpitations, 

anxiety, 

depression, 

distress, and 

whether they had 

Annoyed by 

flickering, 

disturbed sleep, 

sleep quality, ear 

pain/pressure, 

tinnitus, headache, 

nausea, high blood 

pressure  

Sleep quality (ESS 

and PSQI scales); 

physical and 

mental health (SF-

36v2 scale) 

Perception of 

noise and 

annoyance due to 

turbine sound 

 

Pedersen & 

Larsman (2008): 

Influence of noise 

level, visual 

attitude and 

general attitude 

on annoyance  

 

Pedersen (2011): 

Annoyance, sleep 

Perception of 

noise; annoyance 

with noise  

 

Pedersen and 

Larsman (2008): 

Influence of noise 

level, visual 

attitude and 

general attitude 

on annoyance  

 

Pedersen (2011): 

Annoyance, sleep 

interruption, 

QoL as per WHO 

quality of life scale 

(brief version)— 

WHOQOL-BREF— 

which includes 

self-reported 

general health 

 

Additional 

outcomes on 

amenity, 

annoyance, noise 

sensitivity, 

neighbourhood 

problems 
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Study 

identification 

The Netherlands 

NL-07 

Bakker et al. 

(2012) 

Ontario, Canada 

Krogh et al. (2011) 

 

Australia  

Morris (2012) 

 

Maine, USA 

Nissenbaum, 

Aramini and 

Hanning (2012) 

Sweden 

SWE-00 

Pedersen and 

Persson Waye 

(2004) 

Sweden 

SWE-05 

Pedersen and 

Persson Waye 

(2007) 

New Zealand 

Shepherd et al. 

(2011) 

chronic disease, 

diabetes, high 

blood pressure, 

tinnitus, hearing 

impairment, 

cardiovascular 

disease, migraine 

and sleep quality;  

(c) annoyance due 

to visual factors 

and vibration 

 

Pedersen et al. 

(2009): 

Response (do not 

notice/annoyance)

to wind turbine 

noise outdoors 

and indoors, and 

attitude to wind 

turbines  

 

Pedersen 2011: 

approached a 

doctor  

 

interruption, 

chronic disease, 

diabetes, high 

blood pressure, 

cardiovascular 

disease, tinnitus, 

impaired hearing, 

headache, undue 

tiredness, tense 

and stressed, 

irritable 

 

chronic disease, 

diabetes, high 

blood pressure, 

cardiovascular 

disease, tinnitus, 

impaired hearing, 

headache, undue 

tiredness, tense 

and stressed, 

irritable 
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Study 

identification 

The Netherlands 

NL-07 

Bakker et al. 

(2012) 

Ontario, Canada 

Krogh et al. (2011) 

 

Australia  

Morris (2012) 

 

Maine, USA 

Nissenbaum, 

Aramini and 

Hanning (2012) 

Sweden 

SWE-00 

Pedersen and 

Persson Waye 

(2004) 

Sweden 

SWE-05 

Pedersen and 

Persson Waye 

(2007) 

New Zealand 

Shepherd et al. 

(2011) 

Annoyance, sleep 

interruption, 

chronic disease, 

diabetes, high 

blood pressure, 

cardiovascular 

disease, tinnitus, 

impaired hearing, 

headache, undue 

tiredness, tense 

and stressed, 

irritable 

 

Evaluation criteria 

Are the study 

participants well 

defined in terms 

of time, place and 

personal 

characteristics? 

 

[exposure 

Partly—in terms of 

place (and in 

personal 

characteristics in 

van den Berg et al. 

2008, see 

APPENDIX B) 

 

Personal 

Partly—in terms of 

place 

 

Personal 

characteristics: 

Age and gender 

only personal 

characteristics 

Partly—in terms of 

place 

 

Personal 

characteristics: 

None reported 

 

Place: All residents 

Partly—in terms of 

place 

 

Personal 

characteristics: 

Age and gender 

only personal 

characteristics 

Partly—in terms of 

personal 

characteristics and 

place 

 

Personal 

characteristics: 

Age, gender, 

residence, 

Partly—in terms of 

personal 

characteristics and 

place 

 

Personal 

characteristics: 

Age, gender, 

residence type and 

Partly—in terms of 

personal 

characteristics and 

place 

 

Personal 

characteristics: 

Age, gender, 

education, 
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Study 

identification 

The Netherlands 

NL-07 

Bakker et al. 

(2012) 

Ontario, Canada 

Krogh et al. (2011) 

 

Australia  

Morris (2012) 

 

Maine, USA 

Nissenbaum, 

Aramini and 

Hanning (2012) 

Sweden 

SWE-00 

Pedersen and 

Persson Waye 

(2004) 

Sweden 

SWE-05 

Pedersen and 

Persson Waye 

(2007) 

New Zealand 

Shepherd et al. 

(2011) 

misclassification] characteristics: 

Age not reported 

by exposure status 

(only the overall 

mean provided), 

gender and 

location of 

residence  

described 

 

Place: All residents 

lived within 2.5 km 

of wind turbines. 

Noise exposure 

was modelled 

 

Time: This is a 

cross-sectional 

study with self-

reported outcome 

measures; 

therefore, it 

cannot be 

described 

 

Place: All residents 

live within 2.4 km 

of wind turbines 

Distance as a 

proxy for noise 

exposure 

 

Time: This is a 

cross-sectional 

study with self-

reported outcome 

measures; 

therefore, it 

cannot be 

determined 

objectively 

whether wind 

farm exposure 

preceded the 

reported 

outcome(s) 

live within 10 km 

of wind turbines 

Distance as a 

proxy for noise 

exposure 

 

Time: This is a 

cross-sectional 

study with self-

reported outcome 

measures; 

therefore, it 

cannot be 

determined 

objectively 

whether wind 

farm exposure 

preceded the 

reported 

outcome(s) 

 

described 

 

Place: Two 

exposures: ‘near’ 

within 1.5 km of 

turbines; ‘far’ 

group 3–7 km 

from turbines. 

Noise exposure 

was estimated 

from previous 

research at the 

site 

 

Time: This is a 

cross-sectional 

study with self-

reported outcome 

measures; 

therefore, it 

cannot be 

determined 

objectively 

whether wind 

occupation, noise 

sensitivity, 

attitude to 

turbines and long-

term illness 

described 

 

Place: All residents 

lived 150–1199 m 

from wind 

turbines.  

Noise exposure 

was modelled 

 

Time: This is a 

cross-sectional 

study with self-

reported outcome 

measures; 

therefore, it 

cannot be 

determined 

objectively 

duration, 

occupation, noise 

sensitivity and 

chronic disease 

status described 

 

Place: Mean 

proximity to 

turbines 

= 780±233 m 

Noise exposure 

was modelled 

 

Time: This is a 

cross-sectional 

study with self-

reported outcome 

measures; 

therefore, it 

cannot be 

determined 

objectively 

whether wind 

employment 

status, noise 

sensitivity and 

current illness 

described 

 

Place: Two 

exposure groups: 

‘exposed’ group 

within 2 km of 

turbines; control 

group ≥8 km from 

turbines 

Noise exposure 

was estimated 

from previous 

research at the 

site 

 

Time: This is a 

cross-sectional 

study with self-

reported outcome 
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Study 

identification 

The Netherlands 

NL-07 

Bakker et al. 

(2012) 

Ontario, Canada 

Krogh et al. (2011) 

 

Australia  

Morris (2012) 

 

Maine, USA 

Nissenbaum, 

Aramini and 

Hanning (2012) 

Sweden 

SWE-00 

Pedersen and 

Persson Waye 

(2004) 

Sweden 

SWE-05 

Pedersen and 

Persson Waye 

(2007) 

New Zealand 

Shepherd et al. 

(2011) 

determined 

objectively 

whether wind 

farm exposure 

preceded reported 

outcome(s) 

 

 farm exposure 

preceded the 

reported 

outcome(s). 

whether wind 

farm exposure 

preceded the 

reported 

outcome(s) 

farm exposure 

preceded the 

reported 

outcome(s) 

 

measures; 

therefore, it 

cannot be 

determined 

objectively 

whether wind 

farm exposure 

preceded reported 

outcome(s) 

What percentage 

of individuals or 

clusters refused to 

participate? 

 

[selection bias] 

63% of those who 

received a 

questionnaire did 

not complete and 

return it 

 

Sampling area 

determined by 

distance from 

wind turbines  

 

High non-

participation rate 

indicates a high 

Not reported what 

proportion did not 

complete and 

return 

questionnaire 

 

Sampling area was 

chosen because 

adverse health 

effects had been 

reported there  

 

Multiple adults 

from same 

60% of 

questionnaires 

delivered to 

households were 

not returned 

 

Sampling area 

determined by 

distance from 

wind turbines  

 

High non-

participation rate 

indicates a high 

Of those who 

received a 

questionnaire:  

 ‘Near’ group = 

42% did not 

complete and 

return it 

‘Far’ group = not 

reported what 

proportion did not 

complete and 

return it 

 

Sampling area 

32% of those who 

received a 

questionnaire did 

not complete and 

return it 

 

Individuals 

selected in 

pseudo-random 

method (one 

subject in each 

household in area, 

with birth date 

closest to 20 May) 

42% of those who 

received a 

questionnaire did 

not complete and 

return it 

 

Sampling area 

determined by 

distance from 

wind turbines and 

type of terrain  

 

Moderate non-

participation rate 

Of those who 

received a 

questionnaire:  

 ‘Exposed’ group 

= 66% did not 

complete and 

return it 

 

Control group = 

68% did not 

complete and 

return it 

 

Sampling area 
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Study 

identification 

The Netherlands 

NL-07 

Bakker et al. 

(2012) 

Ontario, Canada 

Krogh et al. (2011) 

 

Australia  

Morris (2012) 

 

Maine, USA 

Nissenbaum, 

Aramini and 

Hanning (2012) 

Sweden 

SWE-00 

Pedersen and 

Persson Waye 

(2004) 

Sweden 

SWE-05 

Pedersen and 

Persson Waye 

(2007) 

New Zealand 

Shepherd et al. 

(2011) 

probability of 

selection bias 

which may vary 

depending on 

wind turbine 

exposure.  

 

200/1223 non-

responders were 

randomly selected 

for a subsequent 

analysis, and in the 

95 ‘responding 

non-responders’ 

there were no 

statistically 

significant 

differences in 

annoyance levels 

in comparison 

with those who 

responded to the 

primary 

questionnaire. 

household were 

able to respond, 

so if household 

size differs by 

distance from a 

wind turbine this 

would bias the 

results. 

probability of 

selection bias 

which may vary 

depending on 

wind turbine 

exposure. 

determined by 

distance from 

wind turbines  

 

Potentially 

different non-

participation rate 

in the two groups. 

Moderate non-

participation rate 

in “exposed” 

group. 

 

Sampling area 

determined by 

distance from 

nearest wind 

turbine  

 

 

indicates a 

probability of 

selection bias 

which may vary 

depending on 

wind turbine 

exposure. 

determined by 

distance from 

wind turbines  

 

High non-

participation rate 

indicates a high 

probability of 

selection bias, so 

characteristics of 

sample may vary 

depending on 

wind turbine 

exposure. 
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Study 

identification 

The Netherlands 

NL-07 

Bakker et al. 

(2012) 

Ontario, Canada 

Krogh et al. (2011) 

 

Australia  

Morris (2012) 

 

Maine, USA 

Nissenbaum, 

Aramini and 

Hanning (2012) 

Sweden 

SWE-00 

Pedersen and 

Persson Waye 

(2004) 

Sweden 

SWE-05 

Pedersen and 

Persson Waye 

(2007) 

New Zealand 

Shepherd et al. 

(2011) 

 

Pedersen et al. 

(2009): 

63% 

Non-participation 

rate was 56-61% in 

the two lowest 

exposure 

categories and 67-

68% in the three 

highest categories. 

 

Are outcomes 

measured in a 

standard, valid 

and reliable way? 

 

[outcome 

misclassification] 

Partly—GHQ-12 

used for some 

outcomes 

 

GHQ-12 is a valid 

measure of 

psychiatric ill 

health  

 

Remaining 

components of 

No 

 

The survey form 

designed by Harry 

(2007) was 

reproduced and 

used for this 

survey  

 

Health outcomes 

were self-reported 

No 

 

A purpose-

designed form was 

used for this 

survey  

 

Health outcomes 

were self-reported 

Partly—PSQI, ESS, 

SF-36v2 used 

 

PSQI, ESS, SF-36v2 

considered to be 

standardised and 

valid measures  

 

Other parts of the 

questionnaire 

were purpose-

No 

 

Assumed to be a 

purpose-designed 

survey created by 

the study authors.  

 

Health outcomes 

were self-

reported. 

No 

 

Assumed to be a 

purpose-designed 

survey created by 

the study authors.  

 

Health outcomes 

were self-

reported. 

Partly—WHOQOL-

BREF used 

 

Used validated 

WHO quality of life 

scale (brief 

version) 

(WHOQOL-BREF) 

with following 

components: 

physical, 
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Study 

identification 

The Netherlands 

NL-07 

Bakker et al. 

(2012) 

Ontario, Canada 

Krogh et al. (2011) 

 

Australia  

Morris (2012) 

 

Maine, USA 

Nissenbaum, 

Aramini and 

Hanning (2012) 

Sweden 

SWE-00 

Pedersen and 

Persson Waye 

(2004) 

Sweden 

SWE-05 

Pedersen and 

Persson Waye 

(2007) 

New Zealand 

Shepherd et al. 

(2011) 

study 

questionnaire 

were based on 

tool used in SWE-

00 and SWE-05, 

excluding 

questions on 

coping strategies 

and with new 

questions on 

health and 

environment.  

 

Health outcomes 

were self-reported 

 

designed for the 

study. 

 

Health outcomes 

were self-

reported. 

psychological, 

social and 

environmental  

 

Authors added 

additional items 

which appear to 

be purpose-

designed 

What percentages 

of individuals or 

clusters recruited 

into the study are 

not included in 

the analysis (i.e. 

loss to follow-up)? 

None Four responders 

who were under 

18 years of age, 

and 2 who lived 

further from the 

turbines (5 km) 

compared with the 

None None None None None 
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Study 

identification 

The Netherlands 

NL-07 

Bakker et al. 

(2012) 

Ontario, Canada 

Krogh et al. (2011) 

 

Australia  

Morris (2012) 

 

Maine, USA 

Nissenbaum, 

Aramini and 

Hanning (2012) 

Sweden 

SWE-00 

Pedersen and 

Persson Waye 

(2004) 

Sweden 

SWE-05 

Pedersen and 

Persson Waye 

(2007) 

New Zealand 

Shepherd et al. 

(2011) 

others, were not 

included in the 

analysis 

Recall bias? 

 

Uncertain 

 

Study intent was 

masked for 

respondents—

unknown how 

effective this was 

Likely 

 

Intent of survey 

not masked – 

“affected” people 

were encouraged 

to participate 

 

Likely 

 

Intent of survey 

not masked  

 

Likely 

 

Intent of survey 

not masked  

 

Uncertain 

 

Study intent was 

masked for 

respondents—

unknown how 

effective this was  

Uncertain 

 

Study intent was 

masked for 

respondents—

unknown how 

effective this was 

Uncertain 

 

Study intent was 

masked for 

respondents—

unknown how 

effective this was 

Confounding? 

(other factors that 

could affect the 

outcomes) 

Analyses adjusted 

for: 

Age, gender, 

employment, 

terrain, 

urbanisation, 

economic benefit 

from turbines, 

background noise, 

noise sensitivity, 

attitude to 

turbines and 

Analyses adjusted 

for: 

Gender in some 

analyses 

 

Other plausible 

confounders not 

addressed: 

Economic factors, 

age, chronic 

disease and risk 

factors for chronic 

Analyses adjusted 

for: 

Nil 

 

Other plausible 

confounders not 

addressed: 

Economic factors, 

age, gender, 

chronic disease 

and risk factors for 

chronic disease, 

Analyses adjusted 

for: 

Age, gender, site, 

and household 

clustering 

 

Other plausible 

confounders not 

addressed: 

Economic factors, 

chronic disease 

and risk factors for 

Analyses adjusted 

for: 

Age, gender, noise 

sensitivity, visual 

impact, attitude to 

turbines in some 

analyses 

 

Other plausible 

confounders not 

addressed: 

Economic factors, 

Analyses adjusted 

for: 

Age, gender, 

employment, 

housing, residence 

duration, terrain, 

urbanisation, 

background noise, 

noise sensitivity, 

visual impact, 

attitude to 

turbines 

Analyses adjusted 

for: 

Length of 

residence (and 

participants 

selected from 

geographic and 

socio-economic 

matched areas) 

 

Other plausible 

confounders not 

Exhibit A4-2c

Page 56 of 296
 

014195



57 

 

Study 

identification 

The Netherlands 

NL-07 

Bakker et al. 

(2012) 

Ontario, Canada 

Krogh et al. (2011) 

 

Australia  

Morris (2012) 

 

Maine, USA 

Nissenbaum, 

Aramini and 

Hanning (2012) 

Sweden 

SWE-00 

Pedersen and 

Persson Waye 

(2004) 

Sweden 

SWE-05 

Pedersen and 

Persson Waye 

(2007) 

New Zealand 

Shepherd et al. 

(2011) 

turbine visibility 

(covariates varied 

between analyses) 

 

Other plausible 

confounders not 

addressed: 

Socioeconomic 

factors (was 

addressed in van 

den Berg et al 

2008), chronic 

disease and risk 

factors for chronic 

disease, and 

occupation 

disease, 

occupation, 

education, 

employment, 

terrain, 

urbanisation, 

background noise, 

and turbine 

visibility 

 

occupation, 

education, 

employment, 

terrain, 

urbanisation, 

background noise, 

and turbine 

visibility 

 

chronic disease, 

occupation, 

education, 

employment, 

terrain, 

urbanisation, 

background noise, 

and turbine 

visibility 

 

chronic disease 

and risk factors for 

chronic disease, 

occupation, 

education, 

employment, 

terrain, 

urbanisation, 

background noise 

 

(covariates varied 

between analyses) 

 

Other plausible 

confounders not 

addressed: 

Economic factors, 

chronic disease 

and risk factors for 

chronic disease, 

occupation, 

education. 

 

addressed: 

Age, chronic 

disease and risk 

factors for chronic 

disease, 

occupation, 

employment, 

education, 

background noise, 

and turbine 

visibility 

 

 

Chance? No evidence of 

adjustment of p-

values for multiple 

statistical tests 

No evidence of 

adjustment of p-

values for multiple 

statistical tests or 

for some 

clustering of 

participants in 

No formal 

statistical tests for 

chance association 

were conducted 

No evidence of 

adjustment of p-

values for multiple 

statistical tests 

Adjustment of p-

values for multiple 

statistical tests 

using Bonferroni’s 

method 

No evidence of 

adjustment of p-

values for multiple 

statistical tests 

Adjustment of p-

values for multiple 

statistical tests 

using Bonferroni’s 

method  

 

5 cases excluded 
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Study 

identification 

The Netherlands 

NL-07 

Bakker et al. 

(2012) 

Ontario, Canada 

Krogh et al. (2011) 

 

Australia  

Morris (2012) 

 

Maine, USA 

Nissenbaum, 

Aramini and 

Hanning (2012) 

Sweden 

SWE-00 

Pedersen and 

Persson Waye 

(2004) 

Sweden 

SWE-05 

Pedersen and 

Persson Waye 

(2007) 

New Zealand 

Shepherd et al. 

(2011) 

households from comparator 

group due to being 

multivariate 

outliers 

Overall quality of 

the study to 

determine 

whether wind 

farms cause 

adverse health 

effects? 

Poor 

High risk of: 

 exposure 

misclassification 

 selection bias 

 significant 

associations due 

to chance 

 

Potential for: 

 outcome 

misclassification 

 recall bias 

 confounding 

Poor 

High risk of: 

 exposure 

misclassification 

 outcome 

misclassification 

 recall bias 

 selection bias 

 confounding 

 significant 

associations due 

to chance 

 

Poor 

High risk of: 

 exposure 

misclassification 

 selection bias 

 outcome 

misclassification 

 recall bias 

 confounding 

 

Poor 

High risk of: 

 exposure 

misclassification 

 recall bias 

 selection bias 

 confounding 

 significant 

associations due 

to chance 

 

Potential for: 

 outcome 

misclassification 

Poor 

High risk of: 

 exposure 

misclassification 

 outcome 

misclassification 

 confounding 

 

Potential for: 

 recall bias 

Poor 

High risk of: 

 exposure 

misclassification 

 selection bias 

 outcome 

misclassification 

 significant 

associations due 

to chance 

 

Potential for: 

 recall bias 

 confounding 

Poor 

High risk of: 

 exposure 

misclassification 

 selection bias 

 confounding 

 

Potential for: 

 outcome 

misclassification 

 recall bias 

 

Abbreviations: dB = decibels; dB(A) = A-weighted sound pressure (decibels); LAeq, 1 hour = A-weighted noise level over 1 hour; m/s = metres per second as a measurement of 
wind speed; GHQ-12 = General Health Questionnaire, version 12; NA = not applicable; ESS = Epworth Sleepiness Scale; PSQI = Pittsburgh Sleep Quality Index; SF-36v2 = Short 
Form (36) Health Survey, version 2; NR = not reported; QoL = quality of life; WHO = World Health Organization 
a 

Where additional articles contribute further information, the details are included in the column for the associated study.  
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NOISE  

BQ2.  BY WHAT SPECIFIC PHYSICAL EMISSIONS MIGHT WIND TURBINES CAUSE ADVERSE 

HEALTH EFFECTS? 

Noise is defined as an unwanted sound or an unwanted combination of sounds. Therefore, what 

can be considered ‘noise’ will vary between individuals depending on factors such as the complex 

temporal pattern and intensity of the sound, cultural attitudes, timing and other circumstances 

(e.g. a Beethoven symphony may be music at dinner time but noise in the middle of the night if it 

disrupts sleep). 

Sound is an energy form that travels from a source in the form of waves or pressure fluctuations 

transmitted through a medium and received by a receiver (e.g. human ear). Sound is perceived 

and recognised by its loudness (pressure) and pitch (frequency25). The general range for human 

hearing for young adults is between 20 Hz and 20 kHz, with a declining upper limit as age increases 

(Berglund, Hassmen & Job 1996). Human sound perception is less sensitive to lower frequency 

(low pitch) and higher frequency (high pitch) sounds. It is easiest for the human ear to recognise 

sounds in the middle of the audible spectrum (1–4 kHz) (Roberts & Roberts 2009). 

The following sound thresholds have been suggested (Hawkins 2012; Thorne 2011): 

 Infrasound, <20 Hz (normally inaudible) 

 Low-frequency, 20–200 Hz, although the upper limit can vary (Leventhall 2006; O'Neal, Hellweg 

& Lampeter 2011)  

 Mid-frequency, 200–2000 Hz  

 High-frequency, 2–20 kHz. 

The decibel (dB) is an indicator of loudness (amplitude) calculated as the logarithmic ratio of 

sound pressure level (SPL)26 to a reference level (Roberts & Roberts 2009). Sound pressure is a 

property of sound at a given observer location and can be measured at that specific point by a 

single microphone (Rogers, Manwell and Wright 2006). 

Various filters27 can be used to weight sound pressure measurements as a function of frequency to 

align them with human sensitivity. The human ear simultaneously receives sound at many 

frequencies and at different amplitudes. The audibility of the sound varies significantly with the 

frequency of the sound it is receiving, in addition to the SPL of that sound. At low SPLs, low 

                                                      

25
 Frequency is the number of sound waves/cycles passing a given point per second and is measured is cycles per 

second (cps), also called hertz (Hz). 

26
 The sound pressure level can be calculated by using the formula SPL = 10log10[p

2
/pref

2
] where pref is the reference 

pressure or ‘zero’ reference for airborne sound (20×10
-6

 pascals)  

27
 A filter is a device that modifies a sound signal by attenuating some of its frequency components (Jacobsen et al. 

2011) 

   N
O

ISE 
Exhibit A4-2c

Page 59 of 296
 

014198



 

60 

 

frequencies are less audible than medium frequencies (Jacobsen et al. 2011). The standardised 

frequency weighting filters are depicted in Figure 2. 

 

Source: Figure 1.3.7, Jacobsen et al. (2011) 

Figure 2 Standardised frequency weighting curves 

 

The A-weighted SPL is the most widely used single-value measure of sound. A-weighted 

measurements are common because they generally align with the subjective response to noise. 

However, the A-weighted filter is ‘less sensitive’ to very-high- and very-low-frequency sound. The 

C-weighted filter is essentially ‘flat’ in the audible frequency range, but is ‘more sensitive’ in the 

low-frequency range than the A-weighted filter. Therefore, a large difference between the A-

weighted level and the C-weighted level is a clear indication of prominent content of low-

frequency noise (Jacobsen et al. 2011). B-weighted and D-weighted filters are not often used. 

The G-weighting function is used to quantify sound that has a significant portion of its energy in 

the infrasonic range. The function weights noise levels between 0.25 Hz and 315 Hz to reflect 

human perception of infrasonic noise levels (Verrotti et al. 2005). Figure 3 (reproduced from 

Evans, Cooper & Lenchine (2013)) depicts the G-weighting function across this frequency range. 

The weighting shown is applied directly to the unweighted noise levels. The perception of sound in 

the infrasonic range is greatest at 20 Hz, with a reduction as the frequency decreases. 

Exhibit A4-2c

Page 60 of 296

20~----~---- -- ·~--~--

--

10 
0 

- 10 
IXI -20 
"C = -30 
~ 
3 -40 

-50 

-70 

C weighting 

~ weighting 

- A weighting 

-80 '---'---..__-....L. _ _..J.___....._ _ _,_ _ __, 
10 100 1000 

Frequency (Hz) 
10,000 

 
014199



 

61 

 

 

Source: Figure 2, Evans, Cooper and Lenchine (2013) 

Figure 3 G-weighting function across 1/3 octave band frequency (Hz) 

 

Sound perception and distance 

Measurements of sound from a particular source vary according to the distance from the source. 

Sound pressure decreases with distance (r) from a point source in an inverse (1/r) relationship, 

and sound intensity28 decreases in a relationship of 1/r2 according to the inverse distance law 

(Jacobsen et al. 2011). In effect, when distance is doubled, the sound pressure value is reduced to 

one-half of its initial value (50%) and the sound intensity value is reduced to one-quarter of its 

initial value (25%). Because of the decrease in sound pressure with distance, it is important to 

consider distance from the source when assessing the impact of sound or noise.  

Due to the predictable decrease in sound pressure with increasing distance from a source, it is 

possible to use distance as a proxy for SPL measures. It should be noted, however, that, in addition 

to distance from the source, wind direction, terrain, temperature and time of day can affect sound 

levels. Another characteristic of sound is that longer wavelengths (low-frequency) travel further 

through most media (e.g. air, water) than shorter wavelengths, and generally show less 

attenuation than shorter wavelengths when travelling through solid media such as walls and 

windows (Persson Waye 2004). This characteristic is relevant to the consideration of sound 

produced by wind turbines, given that residences are usually at a distance from turbines.  

                                                      

28
 The sound intensity can be defined as the sound power per unit area at a point on a radiating sound wave. Sound 

intensity is not the same physical quantity as sound pressure. Hearing is directly sensitive to sound pressure, which is 

related to sound intensity (Jacobsen et al. 2011). 
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Infrasound and low-frequency noise (ILFN) 

The definitions of infrasound and low-frequency noise (ILFN), and what can be termed as audible 

and inaudible, are summarised below (O'Neal, Hellweg & Lampeter 2011; Watanabe & Møller 

1990; Berglund, Hassmen & Job 1996): 

 There is no clear definition of the upper limit of low-frequency sound. The definitions vary and 

can range from 100 Hz to 250 Hz. 

 Sound <20 Hz is generally termed infrasound and is not considered in the low-frequency range, 

on the basis that infrasound is considered inaudible in normal environments. However, the 

hearing threshold is dependent on the frequency and level of the sound and frequencies well 

below 20 Hz can be audible if the amplitude of the SPL is high enough. In addition there is inter-

individual variation in hearing thresholds. 

 For sounds to be audible at frequencies <20 Hz, they need to have an amplitude of >80 dB. For 

example, at a frequency of 5 Hz the amplitude would need to be higher than 103 dB. 

Mechanisms by which noise might affect health 

Noise has the potential to affect health through stress and hearing loss. 

Biological studies of the impact of noise that is sufficiently loud to cause hearing loss are, in 

general, well documented in the scientific literature (Azizi 2010). Noise-induced pathology as a 

result of higher metabolic activity was originally proposed in the 1970s (Lim & Melnick 1971). It 

was suggested that noise-induced hearing loss (NIHL) might be the consequence of oxidative 

stress such that there is an initial increase in the rate of cochlear blood flow, followed by capillary 

vasoconstriction and an abrupt decrease in cochlear circulation, leading to a subsequent increase 

in metabolic activity and enhanced production of free radicals (Seidman & Standring 2010). Free 

radicals, or Reactive Oxygen Species (so called when they are produced in vivo as a by-product of 

mitochondrial respiration), have the potential to lead to cell death and cause irreversible damage 

to hearing structures when present in excessive amounts. NIHL mainly occurs between 500 and 

8000 Hz, with legal deafness assessed at 4000 Hz (Alves-Pereira & Castelo Branco 2007). 

Stress is considered another mechanism by which noise can impact on human health (Babisch 

2002). However, because of the individual variation in response to stressors, adaptability to stress, 

and the associated impact of other plausible factors (confounders) that may affect health, there is 

little consensus as to how noise-related stress affects health. Three key features of the stress-

health process (cortisol, suppression of the immune system and psychological distress) have been 

measured in noise research.  

Research suggests that there is no relationship between level of noise and serum cortisol level. 

This could be because a high noise level may act directly as a stressor, whereas low levels may only 

affect cortisol secretion if the noise is considered disturbing by the individual. It is also 

hypothesised that high cortisol concentrations may cause partial destruction of cortisol receptors 

in the brain, which in turn may be responsible for chronic elevation of cortisol, with long-term side 

effects of arteriosclerosis and immunosuppression (Prasher 2009; van Kamp et al. 2007). However, 
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these hypothesised long-term effects could equally be a consequence of other exposures 

(confounders) in the same noise-producing environment, e.g. toxic substance exposure, work 

demands and air pollution (Selander et al. 2009; Davis & Kamp 2012; Selander et al. 2013).  

Where stress effects are present, they may be dependent on the level of annoyance induced by 

the noise (Laszlo et al. 2012). For example, exposure to aircraft noise only increases the risk of 

hypertension in those who are annoyed by the noise (Eriksson et al. 2007). Babisch (2002) states 

that “prolonged exposure to the same noise can lead to habituation and negative effects on 

performance may then disappear”. 

In addition, Babisch (2002) notes that “individuals perform better when the acute exposure 

matches their normal exposure. This suggests that individuals regularly exposed to noise will do 

worse in quiet than those from quiet environments, whereas the reverse will occur if the two 

groups are tested in noise”. 

Stress may also be induced by the degree of sleep disruption associated with noise. The adverse 

effects on sleep appear to be larger for unpredictable noise and rapidly changing noise, when 

compared with a predictable constant noise. The level of noise is not a predictor of a stress 

reaction during sleep. Stress reactions are instead associated with the meaning of the noise to the 

individual (Prasher 2009). Recent work has shown that individuals who generate more 

sleep spindles (a thalamocortical rhythm manifested on the EEG as a brief 11–15 Hz oscillation) 

during a quiet night of sleep exhibit higher tolerance for noise during a subsequent, noisy night of 

sleep. This provides strong support to the concept that there is inter-individual variation in 

resilience to sleep-disruptive stimuli (Dang-Vu et al. 2010).  

The studies mentioned above examined sound levels in the audible frequency range. Like most 

noise sources, wind turbines emit multiple frequencies of sound, both infrasonic and audible. The 

frequency range of sound emitted from wind turbines is discussed more comprehensively below 

but, given that most residences are sited at a distance from wind turbines, the most relevant 

sound exposure is ILFN. While ILFN may not cause auditory damage, other biological damage 

resulting from heavy exposure to ILFN has been suggested, although it is an area of controversy 

(Alves-Periera et al. 2007; Leventhall 2009). The evidence for whether ILFN also produces stress 

effects is addressed in Background Question 4 (see page 110). 
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BQ3. FOR EACH EMISSION, WHAT IS THE LEVEL OF NOISE EXPOSURE FROM A WIND 

TURBINE AND HOW DOES IT VARY BY DISTANCE AND CHARACTERISTICS OF THE 

TERRAIN SEPARATING A WIND TURBINE FROM POTENTIALLY EXPOSED PEOPLE? 

Since concerns have been raised about human exposure to ILFN from wind turbines, it is 

important to determine the likely level of exposure (dose) experienced by people living in the 

vicinity of wind farms. 

Sound from wind turbines 

Sound from wind turbines is described in the literature as either mechanical or aerodynamic 

(Ellenbogen et al. 2012; Roberts & Roberts 2009). These sound types are also characterised as 

tonal29 or broadband30, constant amplitude or amplitude modulated, and audible or 

inaudible/infrasonic (Ellenbogen et al. 2012). Turbines with downwind rotors should be 

distinguished from turbines with upwind rotors—early wind turbines had downwind rotors, which 

emitted higher levels of infrasound than turbines with upwind rotors (Rogers, Manwell and Wright 

2006). Modern wind farms very rarely use the downwind design. 

Mechanical sound is produced mainly from moving rotational and electrical components, including 

the gearbox, generator, yaw drives, cooling fans and auxiliary of the turbine. Noise from a 1500-

kW turbine, with a generator speed ranging from 1100 to 1800 revolutions per minute (rpm), 

contains a sound tone frequency between 20 and 30 Hz (Ellenbogen et al. 2012). 

Aerodynamic noise is the major component of noise from modern wind turbines, given that 

improvements in wind turbine design and manufacture have reduced mechanical noise to a level 

that is below that of aerodynamic noise (Pedersen & Persson Waye 2004, 2007; van den Berg 

2004). A key source of aerodynamic sound from modern wind turbines is the trailing edge noise 

that originates from air flow around the components of the wind turbine (blades and tower), 

producing a ‘whooshing’ sound in the 500–1000 Hz range (Hau 2008; Roberts & Roberts 2009). 

This is often described as amplitude (or aerodynamic) modulation, meaning that the sound can 

vary due to atmospheric effects and directional propagation effects (see ‘Measurement of sound 

from wind turbines’ section below) (van den Berg 2004). Table 8 summarises the different sources 

of aerodynamic sound from a wind turbine as reproduced by Ellenbogen et al. (2012) from 

Wagner, Bareiss and Guidati (1996). 

  

                                                      

29
 Sound at discrete frequencies. 

30
 Characterised by a continuous distribution of sound pressure with frequencies >100 Hz. 
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Table 8 Sources of aerodynamic sound from a wind turbine  

Noise type  Mechanism  Characteristic  

Trailing-edge noise Interaction of boundary layer 

turbulence with blade trailing 

edge 

Broadband, main source of high-

frequency noise  

(770 Hz< f <2 kHz)  

Tip noise Interaction of tip turbulence with 

blade tip surface 

Broadband 

Stall, separation noise Interaction of turbulence with 

blade surface 

Broadband 

Laminar boundary layer noise Non-linear boundary layer 

instabilities interacting with the 

blade surface 

Tonal 

Blunt trailing-edge noise Vortex shedding at blunt trailing 

edge 

Tonal 

Noise from flow over holes, slits 

and intrusions 

Unsteady shear flows over holes 

and slits, vortex shedding from 

intrusions 

Tonal 

Inflow turbulence noise Interaction of blade with 

atmospheric turbulence 

Broadband 

Steady thickness noise, steady 

loading noise 

Rotation of blades or rotation of 

lifting surface 

Low frequency related to blade-

passing frequency (outside of 

audible range) 

Unsteady loading noise Passage of blades through 

varying velocities, due to pitch 

change or blade altitude change 

as it rotates; for downwind 

turbines, passage through tower 

shadow 

Whooshing or beating, amplitude 

modulation of audible broadband 

noise; for downwind turbines, 

impulsive noise at blade-passing 

frequency 

Abbreviations: f = frequency 

Sources: Ellenbogen et al. (2012); Wagner, Bareiss and Guidati (1996) 
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Measurement of sound from wind turbines 

Deriving a single SPL from wind turbines in the presence of background noise is difficult. 

Numerous factors (e.g. meteorological conditions, wind turbine spacing, wake and turbulence 

effects, vortex effects, turbine synchronicity, tower height, blade length and power settings) 

contribute to the sound levels heard or perceived at residences. Perception of wind farm sound 

would also depend on any building resonance effects for residents living inside a dwelling (Thorne 

2011). 

Modelled or estimated sound pressure level 

Prediction of an SPL (a modelled SPL), at a specific distance from a wind turbine source with a 

known power level, requires knowledge of the propagation of sound waves. In general, the SPL 

decreases as sound propagates without obstruction from a point source. The SPL is reduced by 

6 dB per doubling of distance. If the source is on a perfectly flat and reflecting surface, then 

hemispherical spreading is assumed. An accurate sound propagation model to estimate SPL 

usually considers the following factors (Beranek & Ver 1992; Ellenbogen et al. 2012; Rogers, 

Manwell & Wright 2006): 

 source characteristics including directivity and height 

 distance from the source 

 air absorption, which depends on frequency 

 ground effects (reflection/absorption of sound on the ground, which is influenced by turbine 

height, the terrain cover and ground properties between the source and the receiver) 

 the presence of obstructions and uneven terrain 

 weather effects (i.e. wind direction and speed/change, temperature variation with height)  

 topography (landscape—land forms can focus sound). 

Overall, using a ‘conservative’ assumption of a model of hemispherical propagation over a 

reflective surface, the following formula can be used to predict the SPL (Lp):  

Lp = Lw – 10log10(2πr2)–αr 

where r is the distance from the sound source radiating at power level Lw (dB), and α is the 

frequency-dependent sound absorption coefficient (α = 0.005 dB/m) (Rogers, Manwell and 

Wright 2006). 

The total sound produced by multiple wind turbines can be estimated by summing the sound 

levels caused by each turbine at a specific location31 (Rogers, Manwell and Wright 2006). For 

multiple wind turbines (N) in close proximity, the total sound power can be estimated by: 

Ltotal = 10log10∑10Li/10  

The sum ∑ is from turbine i = 1 to Nth turbine, and Li is the sound power of the ith turbine. 

                                                      

31
 Note that decibels cannot be added numerically as linear measures. 
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The calculations become more ‘complicated’ when distances vary between turbines in a wind 

farm. Ellenbogen et al. (2012) provide a comprehensive discussion on these issues in their 

Appendix E. 

Turbine sound in the international setting 

The Danish Environmental Agency provided a summary of wind turbine measurements by turbine 

type, distance and conditions (wind, number of turbines etc.) from a number of published reports 

(Jakobsen 2005). These data are reproduced in Table 9. However, Jakobsen et al. (2005) noted that 

the measurement and operating conditions of the wind turbines were not described in detail in 

the individual reports, and that it was not possible to correct for background noise. 

Table 9 Wind turbine measurements (conducted outdoors) by power, distance and 

conditions  

Wind turbine 

type 

Power rating, 

kW 

Distance, m Infrasound level, 

dB(G) 

Conditionsa 

Monopteros 50 640 200 84 11 m/s 

Encercon E-40 500 200 56–64 8 m/s 

Vestas V66 1650 100 70 723 kW 

Unknown 2000 200 59 6 m/s 

200 65 12 m/s 

Bonus 450 80 65 9 m/s (4 turbines) 

100 71 8 m/s (1 turbine) 

200 63 10 m/s (1 turbine) 

100–200 70 9 m/s (4 turbines) 

MOD-1 2000 105 107 No details 

provided 1000 73–75 

WTS-4 4200 150  92 

250 83–85 

MOD-5B 3200 68 71 

USWP-50 50 500 67–79 (14 turbines) 

WTS-3 3000 750 68 No details 

provided 2100 60 

(G) = to allow easier comparison between the different findings on infrasound emission, the G-weighted infrasound 
level was estimated by the authors. However, there were inadequate data to control for potentially different 
background noise levels, i.e. the impact of background noise on the measured noise level is not known.  
Abbreviations: m/s = metres per second as a measurement of wind speed 
a 

For some conditions, the number of turbines is not provided.  
Source: Jakobsen (2005) 
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Van den Berg et al. (2008) summarised SPLs from approximately 90 wind turbines in The 

Netherlands according to wind turbine type, power, hub height, rotor diameter and wind speed. 

When the data were plotted, it was apparent that, despite differences in power, hub height, rotor 

diameter and wind speed, the sound emission signatures were very similar across all types of wind 

turbine models. This was particularly the case in the mid-frequency range, 500–1000 Hz. 

The Environmental Agency of North Rhein-Westphalia (LNW 2002) provided some data on SPLs by 

distance from a single wind turbine with a sound power level of 103 dB(A). Details as reproduced 

by Ellenbogen et al. (2012) are as follows: 

 At a distance of 280 m from the turbine, the SPL corresponds to 45 dB(A). 

 At a distance of 410 m from the turbine, the SPL corresponds to 40 dB(A). 

 At a distance of 620 m from the turbine, the SPL corresponds to 35 dB(A). 

Turbine sound in the national setting 

A recent study by the Environment Protection Authority in South Australia (Evans, Cooper & 

Lenchine 2013) examined the level of infrasound within typical environments in South Australia. 

The key objective of the study was to compare two wind farm environments with urban (seven 

locations) and rural (four locations) environments away from wind farms. Both indoor and outdoor 

measurements were undertaken over a period of approximately 1 week at specified locations. 

Levels of background noise were also measured at residences approximately 1.5 km from the wind 

farms during organised shutdowns of the turbines. 

 Figure 4 summarises the range of measured Leq, 10 minutes (equivalent noise level over a 10-minute 

measurement period) infrasound levels at each of the measurement locations in the study. 
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Source: Figure 1, p. iv of Evans, Cooper and Lenchine (2013) 

Figure 4 Range of measured Leq, 10 minutes infrasound levels at each measurement 

location 

The study concluded that the level of infrasound at locations near wind turbines was no greater 

than that experienced in other urban and rural environments. The study also found that the 

contribution of wind turbines to the measured infrasound levels was insignificant in comparison 

with the background level of infrasound in the environment. The report noted the following: 

 For the rural environments:  

o Outdoor infrasound levels were similar to, or marginally above, indoor infrasound levels. 

o Infrasound levels at houses near wind farms were not higher than those at houses located at 

significant distances from wind farms (e.g., the outdoor infrasound levels at one location 

1.5 km from an operational wind farm were ‘significantly’ lower than those at another 

location at a distance of 30 km). Results at one of the locations near a wind farm were the 

lowest infrasound levels measured at any of the locations included in the study. 
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o Infrasound levels in the rural environment appear to be controlled by localised wind 

conditions where, during low wind periods, levels as low as 40 dB(G) were measured at 

locations both near and away from wind turbines. At higher wind speeds, infrasound levels 

of 50 –70 dB(G) were common at both wind farm and non-wind-farm sites. 

 For the urban environments:  

o Infrasound levels of between 60 and 70 dB(G) commonly occur in the urban environment 

(levels were typically 5–10 dB(G) higher during the day than at night). 

o Noise generated by people and associated activities within a space was one of the most 

significant contributors to measured infrasound levels, which were typically 10–15 dB(G) 

higher when a space was occupied. Infrasound levels up to approximately 70 dB(G) were 

measured in occupied spaces. 

o Traffic influenced the infrasound level in an urban environment, with measured levels during 

daytime periods typically 10 dB(G) higher than between midnight and 6 am, when traffic 

activity is likely to be at its lowest. 

o At two locations, including a site with a low-frequency noise complaint, building air 

conditioning systems were identified as significant sources of infrasound (some of the 

highest levels of infrasound measured during the study were exhibited at these sites). 

Overall, measured G-weighted infrasound levels at rural locations both near and away from wind 

farms were no higher than infrasound levels measured at the urban locations. Both outdoor and 

indoor infrasound levels were well below the perception threshold, and the most apparent 

difference between the urban and rural locations was that human/traffic activity appeared to be 

the primary source of infrasound in urban locations, while localised wind conditions were the 

primary source of infrasound in rural locations. 
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Wind farm noise limits in Australia  

New South Wales, South Australia, Tasmania, Victoria and Western Australia all have general noise 

limits applicable to wind turbines (Table 10).  

Table 10 Australian state and territory noise level limits 

State/territory Guidance 

document for 

assessment 

Minimum 

noise level 

limita 

Penalty for 

noise 

characteristics 

Comments 

ACT - - - Wind farm guidance has not been 

prepared. 

New South 

Wales 

South Australia 

Environment 

Protection 

Authority 

(EPA) 

Environmental 

noise 

guidelines: 

Wind farms, 

2003 

LAeq, 10 minutes 

35 dB 

5 dB Penalty applies for tonality only. No 

other characteristics are assessed 

directly. 

Northern 

Territory 

- - - There is no specific wind farm 

assessment document. 

Developments would likely be 

assessed on a case-by-case basis. 

Queensland - - - There is no specific guidance 

regarding wind farms. 

Developments would likely be 

assessed on a case-by-case basis. 

NZS6808: 1998 and South Australia 

EPA Guidelines 2003 have been 

referred to previously. 

South Australia South Australia 

Environment 

Protection 

Authority 

Wind farms 

environmental 

guidelines 

2009 

LA90 35–40 dB 5 dB Penalty applies for tonality only. No 

other characteristics are assessed 

directly. 

Tasmania Department of 

Primary 

Industries, 

- 5 dB General guidance on the 

assessment of wind farm noise 

emission is provided in the TNMP, 
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State/territory Guidance 

document for 

assessment 

Minimum 

noise level 

limita 

Penalty for 

noise 

characteristics 

Comments 

Water and 

Environment 

(Tasmania), 

Noise 

Measurement 

Procedures 

Manual, 2004 

(TNMP) 

but limits are not explicitly stated 

and would likely be assessed on a 

case-by-case basis. 

A 5 dB penalty applies for one 

characteristic. The maximum 

penalty is 10 dB. Amplitude 

modulations, impulsiveness, low-

frequency noise and tonality are 

considered. 

Victoria New Zealand 

Standard NZ 

6808: 1998 

Acoustics – the 

assessment 

and 

measurement 

of sound from 

wind turbine 

generators 

LA95 40 dB 5 dB - 

Western 

Australia 

Environmental 

Protection 

(Noise) 

Regulations 

1997. 

Guidance for 

the 

Assessment of 

Environmental 

Factors No. 8 – 

Environmental 

Noise, s3.2.2 

(draft, May 

2007) 

- The WA noise 

regulations 

specify 

adjustments of 

5 dB for 

tonality and 

modulation 

and 10 dB for 

impulsiveness 

to be added to 

the LA Slow 

level, to a 

maximum of 

15 dB. 

 

Additionally, the Western 

Australian government document, 

Guidelines for wind farm 

development, suggests that 

turbines are set back at least 1 km. 

Note: Where minimum noise level limits have been established in a state or territory, it has generally been in 
conjunction with a variation of the limit in periods of high background noise. 

Source: EPHC (2010) 
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Systematic literature review 

SQ1. IS THERE ANY RELIABLE EVIDENCE OF AN ASSOCIATION BETWEEN DISTANCE FROM 

WIND TURBINES AND ADVERSE HEALTH EFFECTS? 

SQ2. IS THERE ANY RELIABLE EVIDENCE OF AN ASSOCIATION BETWEEN AUDIBLE NOISE 

(GREATER THAN 20 HZ) FROM WIND TURBINES AND ADVERSE HEALTH EFFECTS?  

Seven cross-sectional studies (discussed in 11 articles) (level IV aetiology evidence) reported on 

the health effects of wind turbine noise exposure. Five of the studies could be clearly defined as 

reporting noise exposure within the audible range on the basis of reporting estimates of exposure 

in dB(A); the remaining two studies have been included in the analysis even though they report 

only distance from a wind turbine or wind farm, because distance from wind turbines can be 

considered to be a surrogate for sound pressure level (SPL).  

A profile of each study is given in Table 7 (page 46), along with a consideration as to how bias, 

confounding and chance may have affected the validity of the results produced. Detailed study 

profiles are given in APPENDIX B. 

Members of one research group were involved in the conduct of three of the included studies 

(SWE-00, SWE-05, NL-07) that are discussed in six articles (Bakker et al. 2012; Pedersen 2011; 

Pedersen & Larsman 2008; Pedersen et al. 2009; Pedersen & Persson Waye 2004, 2007).  

Results of all the studies are presented according to the different effects measured, including self-

reported health effects (i.e. physical and mental health); and other health-related effects such as 

quality of life, sleep quality and sleep disturbance. Data on health-related effects were extracted 

because they can be related to stress, which is a possible mediator or moderator of health 

outcomes. Data on the association between annoyance and health outcomes within populations 

exposed to different levels of noise exposure (sound levels or distance from wind turbines) were 

also extracted.  

Association between wind turbine noise and physical health effects 

Six studies reported on the association between estimated sound pressure from wind turbines and 

self-reported physical health effects (studies SWE-00, SWE-05 and NL-07; see Table 11, as 

reported in the re-analysis of these data by Pedersen (2011)) or distance from wind turbines and 

self-reported health outcomes (Krogh et al. 2011; Nissenbaum, Aramini & Hanning 2012; Shepherd 

et al. 2011; see Table 12). A publication on study NL-07 examined possible independent predictors 

for each of the health outcomes (van den Berg et al. 2008) (see Table 13). Each of the six studies 

adjusted for different plausible confounders, some to a greater extent than others, but all still had 

the potential for confounded results (see Table 7, page 46).  

Pedersen (2011) contrasted health outcome data from three studies that the author had been 

involved in, in a re-analysis. The results from the two Scandinavian studies (SWE-00 and SWE-05) 

and the Dutch study (NL-07), presented in the form of odds ratios (OR) and their 95% confidence 

intervals (95% CIs), are shown in Table 11. An OR above 1.00 suggests that there is a positive 

association between the dependent variable (in this case a health condition) and the independent 
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variable (e.g. estimated SPL); that is, the frequency of the health condition increases as the SPL 

increases. An OR below 1.00 suggests the opposite. The 95% CI indicates the extent of uncertainty 

in the OR. Thus, for example, if an OR is above 1.00 but its lower 95% CI bound is below 1.00, there 

might be no association between the health condition and SPL, or the frequency of the health 

condition might even be reduced with increasing sound pressure.  

Only one of the self-reported health conditions investigated in studies SWE-00, SWE-05 and NL-07, 

tinnitus, had an OR that was above 1.00 and a lower confidence bound that was greater than 1.00. 

This association between self-reported tinnitus and SPL was observed only in SWE-00  (Pedersen & 

Persson Waye 2004) and was not replicated in either SWE-05 or NL-07. Similarly, the weak 

evidence (trend) of a positive association between SPL and prevalence of self-reported diabetes in 

SWE-05 (Pedersen & Persson Waye 2007) was not replicated in SWE-00 or NL-07. In these single 

studies the analyses had all been adjusted for age and gender; however, NL-07 also adjusted for 

economic benefit (see page 77). Overall, physical health (as measured using slightly different tools) 

did not appear to vary with estimated level of exposure to noise or distance from wind turbines. 

When there are multiple comparisons conducted using statistical analysis, there is always the 

possibility that a statistically significant association may occur by chance. If a p value of 0.05 is 

used, when 20 statistical tests are performed in the one study it is likely that one statistically 

significant result will be spurious. One method of dealing with this is to use the Bonferroni 

correction, which adjusts the p value for the number of comparisons made. The original (2004) 

publication of SWE-00 used a Bonferroni correction in the statistical analysis, although it did not 

present any health outcome data. It is unclear whether the re-analysis of the SWE-00 data in 

Pedersen (2011), which analysed self-reported health effects across SWE-00, SWE-05 and NL-07, 

included a Bonferroni correction, as it is not mentioned. However, the concept of multiple 

statistical tests causing spurious associations is mentioned in Pedersen (2011) and, appropriately, 

the author only considered associations to be meaningful when they were consistently present 

across all three studies. 
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Table 11 Association between estimated A-weighted sound pressure levels from wind 

turbines and specific physical health effects (OR, 95%CI) 

Study Self-reported 

health outcome 

SWE-00a 

Nc=319–333  

SWE-05a 

Nc=720–744 

NL-07b 

Nc=639–678  

Comparison of 

studies NL-07, 

SWE-00 and SWE-

05 

Pedersen (2011) 

Chronic disease 0.97 (0.89, 1.05) 1.01 (0.96, 1.07) 0.98 (0.95, 1.01) 

Diabetes 0.96 (0.79, 1.16) 1.13 (1.00, 1.27) 1.00 (0.92, 1.03) 

High blood 

pressure 

1.03 (0.90, 1.17) 1.05 (0.97, 1.13) 1.01 (0.96, 1.06) 

Cardiovascular 

disease 

0.87 (0.68, 1.10) 1.00 (0.88, 1.13) 0.98 (0.91, 1.05) 

Tinnitus 1.25 (1.03, 1.50) 0.97 (0.88, 1.07) 0.94 (0.85, 1.04) 

Impaired hearing 1.09 (0.93, 1.27) 1.05 (0.95, 1.15) 1.01 (0.94, 1.10) 

Headache 0.95 (0.88, 1.02) 1.04 (0.99, 1.10) 1.01 (0.98, 1.04) 

Bolded values indicate statistically significant differences.  
Abbreviations: OR = odds ratio; CI = confidence interval 
a 

Adjusted for age and gender. 
b 

Adjusted for age, gender and economic benefits. 
c 

Range of number of respondents in the analyses. Differences in number of respondents are due to respondents not 
answering some individual questions in the questionnaire.  

 
Similar to the results of the three studies above, Shepherd et al. (2011), Krogh et al. (2011) and 

Nissenbaum, Aramini and Hanning (2012) assessed whether respondents living closer to wind 

turbines had any more physical health complaints than those who were living further away, with 

the understanding that distance from a wind turbine is a proxy for the level of noise exposure 

from the turbine (Table 12).  

Krogh et al. (2011) noted that a greater percentage of respondents living close to wind turbines 

reported altered health, headaches, migraines, hearing problems and tinnitus than those living 

further away from wind turbines, but the differences were not statistically significant. The rates of 

health complaints were high across both distance groups, which is probably a result of biased 

selection. Study locations were chosen specifically because adverse health effects had been 

anecdotally reported, and those with health complaints would probably be more likely to respond 

to the survey, given the lack of masking of study intent.  

Although all the studies were of poor quality, one strength of both Shepherd et al. (2011) and 

Nissenbaum, Aramini and Hanning (2012) was the use of validated questionnaires to measure self-

reported physical health. Shepherd et al. (2011) assessed general health with a single item in an 

abbreviated version of the World Health Organization Quality of Life questionnaire (WHOQOL-
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BREF), while Nissenbaum, Aramini and Hanning (2012) measured physical health status using the 

Physical Component Summary Scale of version 2 of the Short Form-36 item questionnaire. Krogh 

et al. (2011) assessed general health with an author-developed non-standardised survey. Despite 

these differences, none of the studies reported any statistically significant associations between 

distance from wind turbines and self-reported physical health status over the different distances 

measured (Table 12). 

Table 12 Association between distance from wind turbines (m) and physical health 

outcomes 

Study Self-reported health 

outcome 

Proportion affected at distance (m) 

from nearest industrial wind 

turbine 

P value 

Shepherd et al. 

(2011) 

New Zealand 

N=198 

 <2000 

n=39 

>8000 

n=158 

 

WHOQOL-BREF self-rated 

general health 

Not stated Not stated t(195) = 0.37, 

p=0.71 

Krogh et al. 

(2011)a 

Canada 

N=109 

 350–673  

(mean = 506) 

n=not stated 

700–2400 

(mean = 908) 

n=not stated 

 

Altered health 94% 85% 0.19 

Headaches 70% 53% 0.10 

Migraines 18% 9% 0.24 

Hearing problems 38% 32% 0.67 

Tinnitus 60% 51% 0.42 

Heart palpitations 32% 36% 0.68 

Approached doctor 38% 38% 1.00 

Nissenbaum, 

Aramini and 

Hanning (2012) 

USA 

N=79 

 350–673  

(mean = 506) 

n=not stated 

700–2400 

(mean = 908) 

n=not stated 

 

Mean SF-36v2b Physical 

Component Score 

Not stated Not stated 0.99 

a 
Statistical analyses performed by Fisher’s exact test. Age and gender were included in the model if significant at 

p<0.05.  
b 

SF-36v2 = version 2 of the Short Form 36 item questionnaire. 
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SQ1, SQ2/BQ6. IS THERE EVIDENCE THAT THERE ARE CONFOUNDING FACTORS OR EFFECT 

MODIFIERS THAT MIGHT EXPLAIN THE ASSOCIATION OF WIND TURBINES 

WITH ADVERSE HEALTH EFFECTS? 

When van den Berg et al. (2008) assessed the results of NL-07 in detail (Table 13), age was found 

to be associated with self-reported chronic disease, diabetes, high blood pressure and 

cardiovascular disease (i.e. the older the respondent, the more likely they were to have reported 

symptoms), while gender was associated with migraine (females were more likely to report 

migraines than males). Thus, if either of these confounders were differentially distributed among 

residents living either near or far from a wind farm or in different SPL exposure groups, it might 

explain the associations between wind farms and the odd health effect that is observed in some 

studies. In Pedersen’s re-analysis (Pedersen 2011), NL-07 study results were adjusted for age, 

gender and economic benefit and found no association between estimated SPLs and health 

complaints (Table 11). SWE-00 (and SWE-05) only adjusted for age and gender and found an 

association with tinnitus. Table 7 (page 46) provides additional information on plausible 

confounders that were not addressed in all 3 studies. 

Shepherd et al. (2011) did not report adjusting for potentially confounding factors such as age, 

gender, economic benefits or predisposing health complaints. Krogh et al. (2011) mentioned that 

they would have adjusted for age and gender, had the univariate results been statistically 

significant.  

Table 13 Estimated A-weighted sound pressure levels, age, gender and economic benefit, as 

possible independent predictors of health outcomes in multivariate models 

analysed in the Dutch study (NL-07) 

Study Self-reported 

health 

outcome 

Independent variables in 

multivariate model 

Association of independent 

variable with health outcome 

OR (95%CI) 

NL-07 

Van den Berg et 

al. (2008) 

The Netherlands 

Chronic disease Sound levels 0.98 (0.95, 1.01) 

Economic benefits (no; yes) 0.70 (0.35, 1.43) 

Age (years) 1.03 (1.01, 1.04) 

Gender (male; female) 1.18 (0.82, 1.70) 

Diabetes Sound levels 1.00 (0.92, 1.09) 

Economic benefits (no; yes)a NC 

Age (years) 1.07 (1.03, 1.11) 

Gender (male; female) 0.69 (0.28, 1.70) 

High blood 

pressure 

Sound levels 1.01 (0.96, 1.06) 

Economic benefits (no; yes) 0.15 (0.02, 1.20) 

Age (years) 1.06 (1.04, 1.08) 
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Study Self-reported 

health 

outcome 

Independent variables in 

multivariate model 

Association of independent 

variable with health outcome 

OR (95%CI) 

Gender (male; female) 1.27 (0.96, 1.06) 

Tinnitus Sound levels 0.94 (0.85, 1.04) 

Economic benefits (no; yes) 0.90 (0.10, 8.42) 

Age (years) 1.03 (0.99, 1.06) 

Gender (male; female) 1.26 (0.05, 3.36) 

Hearing 

impairment 

Sound levels 1.01 (0.94, 1.10) 

Economic benefits (no; yes) 0.38 (0.04, 3.31) 

Age (years) 1.05 (1.03, 1.10) 

Gender (male; female) 0.60 (0.26, 1.37) 

Cardiovascular 

disease 

Sound levels 0.98 (0.91, 1.05) 

Economic benefits (no; yes) 0.39 (0.05, 3.26) 

Age (years) 1.06 (1.03, 1.09) 

Gender (male; female) 0.61 (0.29, 1.27) 

Migraine Sound levels 0.93 (0.83, 1.04) 

Economic benefits (no; yes)a NC 

Age (years) 0.98 (0.94, 1.01) 

Gender (male; female) 13.2 (1.70, 101.86) 

Bolded values indicate statistically significant differences.  
Abbreviations: OR = odds ratio; CI = confidence interval; NC = not calculable 
a 

No respondents who benefited economically had reported this chronic disease or any symptoms. 

 

Association between wind turbine noise and mental health effects 

Five studies assessed the relationship between modelled A-weighted sound pressure and 

psychological distress (SWE-00, SWE-05 and NL-07), or distance from a wind turbine (as a proxy for 

noise exposure) and mental health (Krogh et al. 2011; Nissenbaum, Aramini & Hanning 2012). A 

higher estimated exposure to wind turbines (in this case, dwelling at a closer distance) was 

associated with poorer self-reported mental health in one of the five studies (Nissenbaum, 

Aramini & Hanning 2012).  

It is unclear what tools were used to determine whether respondents were tense and stressed or 

irritable in the two Swedish studies (SWE-00 and SWE-05). The results of these two studies were 

consistent with NL-07 in not observing an association between SPL and being tense and stressed 

or irritable (Table 14). 

Exhibit A4-2c

Page 78 of 296
 

014217



 

79 

 

Van den Berg et al. (2008) was explicit that study NL-07 measured psychological distress by the 

General Health Questionnaire (GHQ), with a scale ranging from 0 to 12. The variable was 

dichotomised into ‘not psychologically distressed’ and ‘psychologically distressed’ using a cut-off 

of 2 or above for the latter. However, stress scores were calculated from 13 items, with a 4-point 

scale from ‘(almost) never’ to ‘(almost) daily’, with response factors analysed so that the mean 

value was 0 and the standard deviation was 1. Six items were used to describe the symptoms of 

stress: feeling tense or stressed, feeling irritable, having mood changes, being depressed, suffering 

from undue tiredness and having concentration problems. Levels of A-weighted sound pressure 

were not associated with psychological distress or stress scores when other factors such as 

economic benefits, age and gender were taken into account (Table 15).  

Table 14 Association between estimated A-weighted sound pressure levels and stress 

Study Self-reported 

outcome 
SWE-00a 

OR (95%CI) 

Nc=319–333  

SWE-05a 

OR (95%CI) 

Nc=720–744 

NL-07b 

OR (95%CI) 

Nc=639–678  

Comparison of 

studies NL-07, 

SWE-00 and SWE-

05 

Pedersen (2011) 

Tense and stressed 1.02 (0.94, 1.10) 1.00 (0.95, 1.05) 1.01 (0.98, 1.04) 

Irritable 1.03 (0.96, 1.11) 1.00 (0.96, 1.06) 1.01 (0.98, 1.04) 

Abbreviations: OR = odds ratio; CI = confidence interval  
a 

Adjusted for age and gender.  
b 

Adjusted for age, gender, and economic benefits.  
c 

Range of number of respondents in the analyses. Differences in number of respondents are due to missing cases; 
that is, the respondents not answering single questions in the questionnaire. 
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Table 15 Relationship between estimated A-weighted sound pressure levels, other possible 

confounding factors and psychological distress or stress in study NL-07 

Study Self-reported 

health 

outcome 

Independent variables in 

multivariate model 
Association of independent 

variables with health 

outcome 

OR (95%CI) 

NL-07 

Van den Berg et 

al. (2008) 

The Netherlands 

Psychological 

distress on 

GHQ (<2; >2) 

(n=656) 

Sound levels 1.02 (0.99, 1.06) 

Economic benefits (no; yes) 0.74 (0.41, 1.34) 

Age (years) 0.99 (0.99, 1.00) 

Gender (male; female) 1.12 (0.78, 1.58) 

Stress scores 

(<0; ≥0.01) 

(n=656) 

Sound levels 1.01 (0.98, 1.04) 

Economic benefits (no; yes) 0.61 (0.35, 1.07) 

Age (years) 0.98 (0.97, 0.99) 

Gender (male; female) 1.32 (0.83, 1.64) 

Bolded values indicate statistically significant differences.  
Abbreviations: OR = odds ratio; CI = confidence interval 
 
 

Two studies assessed the relationship between distance from wind turbines and mental health 

(Table 16). Nissenbaum and colleagues (2012) used the Mental Component Summary Scale of the 

Short Form-36 item questionnaire (version 2), a validated instrument, but did not control for all 

plausible confounders (see Table 7, page 46). They found that the mental health scores of 

residents living either near wind farms or further away were both within the normal range 

(population norm, mean = 50, SD = 10), although the mean value indicated poorer mental health 

for residents living near wind farms (p=0.002). Participants were not masked to the intent of the 

study and so it likely that recall bias may also have influenced the findings. Nissenbaum and 

colleagues also found that participants living close to a wind turbine (375–1400 m) were much 

more likely to self-report a new diagnosis of depression or anxiety since the introduction of the 

wind turbines than the ‘far’ group (living over 3 km from a wind turbine). Similarly, participants in 

the ‘near’ group reported a greater amount of new psychotropic medication being taken than 

those in the ‘far’ group, although the difference was not statistically significant.  

Krogh et al. (2011), using a purpose-designed questionnaire, did not detect any significant 

differences in the rates of self-reported stress, anxiety or depression. The difference between 

these results and those reported by Nissenbaum, Aramini and Hanning (2012) could be due to 

various factors including sample selection, the impact of plausible confounders (see Table 7, page 

46), measurement tool/question used, and difference in residential distance from turbines.  
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Table 16 Relationship between distance and self-reported mental health 

Study Self-reported health 

outcome 

Proportion affected at distance (m) 

from nearest industrial wind turbine  

P value 

Krogh et al. (2011) 

Canada 

N=109 

 350–673  

(mean = 506) 

n=not stated 

700–2400  

(mean = 908) 

n=not stated 

 

Stress 66% 72% 0.52 

Anxiety 54% 49% 0.69 

Depression 46% 36% 0.41 

Distress (if at least one of 

stress, anxiety or 

depression were 

reported as ‘yes’) 

68% 77% 0.37 

Nissenbaum, 

Aramini and 

Hanning (2012) 

USA 

N=79 

 375–1400  

(mean = 792) 

n=38 

3000–6600  

(mean = 5248) 

n=41 

 

New diagnosis of 

depression or anxiety 

9/38 (23.6%) 0/41 (0%) Not stated 

New psychotropic 

medication 

9/38 (23.6%) 3/41 (7.3%) 0.06 

Mean SF36v2a Mental 

Component Score 

42.0 52.9 p=0.002 

a 
SF-36v2 = version 2 of the Short Form 36 item questionnaire. 

 

Association between wind turbine noise and quality of life 

Three studies reported on the association between distance from wind turbines and quality of life 

(QoL) (Krogh et al. 2011; Nissenbaum, Aramini & Hanning 2012; Shepherd et al. 2011); the results 

of the studies are shown in Table 17.  

Shepherd et al. (2011) compared QoL in respondents who lived less than 2 km or greater than 

8 km from a wind turbine. This cross-sectional study attempted to mask the intent of the study by 

asking about annoyance from traffic noise, neighbours or ‘other noise (please specify)’. Overall 

QoL was assessed using a single question in the abbreviated World Health Organization Quality of 

Life questionnaire (WHOQOL-BREF). This questionnaire was also used by the authors for 

measurements on several domains, including physical (7 items), psychological (6 items), 

environmental (8 items) and social (3 items) QoL. Shepherd et al. (2011) found that those living 

nearer to wind turbines had significantly lower scores than those who lived further away, in the 

domains of physical (F(1,194) = 5.816, p=0.017), environmental (F(1,194)=5.694, p=0.018) and 
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mean self-rated overall QoL (t(195)=2.364, p=0.019), as well as on an additional amenity-rating 

question added by the authors (F(1,194)=18.88, p<0.001). The absolute difference in QoL between 

the groups for each domain was less than 10%. Perceived sleep quality was one facet of the 

physical domain that showed a difference between the groups (t(195)=3.089, p=0.0006), as did 

self-reported energy levels (t(195)=2.217, p=0.028), but the absolute differences between groups 

in these aspects of QoL were not reported. Psychological and social domains did not show any 

significant differences between the groups. Results were not adjusted for all plausible confounders 

(Table 7, page 46). 

Krogh et al. (2011) only included people in their study who lived less than 2400 m from a wind 

turbine, and nearly all respondents (96–98%) answered ‘yes’ to the non-masked survey question 

‘Do you feel that your quality of life has in any way altered since living near wind turbines?’  

Nissenbaum, Aramini and Hanning (2012) asked respondents whether they wished to move away. 

The majority of those living less than 1.4 km from a wind turbine responded in the affirmative 

(74%), whereas none of the group who lived over 3 km from a wind turbine wished to move.  

Table 17 Association between distance from a wind turbine and quality of life 

Study Self-reported 

outcome measure 

Mean scores or proportion 

affected at distance (m) 

from nearest industrial wind 

turbine 

Statistic p value 

Shepherd et al. 

(2011) 

New Zealand 

N=198 

 <2000 

n=39 

>8000 

n=158 

 

Psychological domaina 22.36±2.67 23.29±2.91 F(1,194)=3.33 p=0.069 

Physical domaina 27.38±3.14 29.14±3.89 F(1,194)= 5.82 p=0.017 

Self-reported energy 

levels 

Not stated Not stated t(195)=2.2 p=0.028 

Perceived sleep 

qualitya 

Not stated Not stated t(195)=3.09 p=0.0006 

Social domaina 12.53±1.83 12.54±2.13 F(1,194)=0.002 p=0.96 

Environmental 

domaina 

29.92±3.76 32.76±4.41 F(1,194)=5.69 p=0.018 

Amenity 7.46±1.42 8.91±2.64 F(1,194)=18.88 p<0.001 

WHOQOL-BREF 

overall quality of life 

Not stated Not stated t(195)=2.36 p=0.019 
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Study Self-reported 

outcome measure 

Mean scores or proportion 

affected at distance (m) 

from nearest industrial wind 

turbine 

Statistic p value 

Krogh et al. (2011) 

Canada 

N=109 

 350–673 

(mean = 506) 

n=not stated 

700–2400 

(mean = 908) 

n=not stated 

 

Altered quality of life 96% 98%   p=1.00 

Nissenbaum, 

Aramini and 

Hanning (2012) 

USA 

N=79 

 375–1400 

(mean = 792) 

n=38 

3000–6600 

(mean = 5248) 

n=41 

 

Wishing to move away 73.7% 0%   p<0.001 

Bolded values indicate statistically significant differences.  
a 

Mean ± standard deviation. A high score indicates better QoL. The WHOQOL-BREF psychological domain has a 
maximum score of 30, the physical domain has a maximum score of 35, and the social domain has a maximum score 
of 15, while the environmental domain has a maximum score of 40. The raw domain scores do not appear to have 
been transformed to a 0–100 scale. 

 

Other relevant outcomes 

Association between wind turbine noise and sleep disturbance 

All seven studies assessed the association between estimated wind turbine noise and sleep 

disturbance or sleep quality. Three studies assessed the association between sleep and estimated 

A-weighted SPL (SWE-00, SWE-05, NL-07), while the four remaining studies assessed the 

relationship between distance from a wind turbine and sleep quality. Only subjective sleep 

measures were used. There were no studies that measured sleep objectively. 

One article (Pedersen 2011) summarised the two Scandinavian studies and the one Dutch study 

(SWE-00, SWE-05 and NL-07), and reported that there was an association between estimated A-

weighted SPL and the frequency of sleep disturbance in one of the studies, as determined 

subjectively by the respondents (‘(almost) never’, ‘at least once a year’, ‘at least once a month’, ‘at 

least once a week’, and ‘(almost) daily’). A minimum of at least once a month was considered to 

be sleep disturbance. The results are shown in Table 18. The first Swedish study (SWE-00) reported 

that increases in estimated SPL increased the odds of having sleep interruption due to estimated 

wind turbine noise. Results were similar in the Dutch study, where a trend was observed. The 

second Swedish study (SWE-05), carried out in more densely populated areas, did not report a 

statistically significant association between estimated SPL and sleep disturbance. Pedersen 

hypothesised that a combination of lowered expectations of quietness and higher levels of 

background noise could have explained this lack of association (Pedersen 2011). 
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Pedersen and Persson Waye (2004) reported from study SWE-05 that 23% of respondents had 

stated that their sleep was disturbed by noise from road traffic, rail traffic, neighbours or wind 

turbines. At lower estimated exposure to noise from wind turbines, no respondents reported sleep 

disturbance, whereas 16% of the respondents exposed to sound over 35 dB(A) reported disturbed 

sleep. Of these, 18/20 reported sleeping with an open window in the summer. In the Dutch 

sample (study NL-07), described in van den Berg et al. 2008, 30% of respondents reported 

difficulties in falling asleep at least once a month, while 25% reported interrupted sleep at least 

once a month. Paradoxically, those exposed to the greatest estimated A-weighted SPLs from wind 

turbines had the least difficulty falling asleep, while those exposed to the least A-weighted SPLs 

had the most difficulty falling asleep. However, this trend largely disappeared when adjusted for 

possible confounding by age, gender and economic benefit (Table 19). 

The association of estimated SPL on sleep interruption in the SWE-00, SWE-05 and NL-07 studies 

was not as strong as the association of wind turbine noise annoyance with sleep interruption (see 

Table 26). 

Table 18 Association between estimated A-weighted sound pressure levels and sleep 

disturbance (OR, 95%CI) 

Study Self-reported 

outcome 
SWE-00a 

OR (95%CI) 

Nc=319–333  

SWE-05a 

OR (95%CI) 

Nc=720–744 

NL-07 

OR (95%CI) or % 

Nc=639–678  

Comparison of 

studies NL-07, 

SWE-00 and SWE-

05 

Pedersen (2011) 

Sleep interruption 1.12 (1.03, 1.22) 0.97 (0.90, 1.05) 1.03b (1.00, 1.07) 

Undue tiredness 0.95 (0.88, 1.02) 0.98 (0.93, 1.03) 1.02
b
 (0.99, 1.05) 

NL-07 

Van den Berg et al. 

(2008) 

The Netherlands 

Difficulties in 

falling asleep 

- - N=710 

<30 dB(A): 36% 

30–35 dB(A): 31% 

35–40 dB(A): 28% 

40–45 dB(A): 32% 

>45 dB(A): 16% 

Sleep interruption - - N=718 

<30 dB(A): 21% 

30–35 dB(A): 26% 

35–40 dB(A): 26% 

40–45 dB(A): 26% 

>45 dB(A): 28% 

Bolded values indicate statistically significant differences.  
Abbreviations: OR = odds ratio; CI = confidence interval  
a 

Adjusted for age and gender.  
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b 
Adjusted for age, gender, and economic benefits. 

c 
Range of number of respondents in the analyses. Differences in number of respondents are due to missing cases, 
that is, the respondents not answering single questions in the questionnaire.  

 

BQ6. Is there evidence that there are confounding factors or effect modifiers that might explain the 

association of wind turbines with sleep disturbance? 

Van den Berg et al. (2008) assessed the odds of respondents in NL-07 reporting difficulties falling 

asleep, or interrupted sleep, at least once a month with increasing SPL, while simultaneously 

controlling for other factors including economic benefits, age and gender (Table 19). They 

reported that difficulty falling asleep was positively correlated with age (rs=0.08, n=691, p<0.05), 

with older respondents having more difficulty falling asleep. Conversely, having interrupted sleep 

was negatively correlated with age, with younger participants having more interrupted sleep (rs=-

0.08, n=699, p<0.05). Females more often had problems falling asleep than males, and those who 

did not economically benefit from wind turbines or were older tended to have more trouble falling 

asleep than others. Respondents who benefited economically were less likely to report having had 

interrupted sleep. Sound level was the only factor that was not statistically significant at predicting 

the likelihood of falling asleep. An increase in sound level was associated with a trend towards a 

small increase in risk of having interrupted sleep. Thus, the impact of confounders might explain 

the difference in results between NL-07 and SWE-00; the former study adjusted for economic 

benefits while the latter did not. 

Table 19 Relationship between estimated A-weighted sound pressure levels, other possible 

confounding factors and sleep quality in study NL-07 

Study Self-reported 

outcome 
Independent variables Results  

OR (95%CI) 

NL-07 

(Van den Berg et al. 

2008) 

The Netherlands 

 

Falling asleep Sound levels 0.99 (0.97, 1.03) 

Economic benefits (no; yes) 0.52 (0.27, 0.97) 

Age (years) 1.02 (1.01, 1.03) 

Gender (male; female) 1.47 (1.05, 1.06)a 

Interrupted sleep Sound levels 1.03 (1.00, 1.07) 

Economic benefits (no; yes) 0.45 (0.24, 0.84) 

Age (years) 1.00 (0.99, 1.01) 

Gender (male; female) 1.07 (0.75, 1.51) 

Bolded values indicate statistically significant differences.  
Abbreviations: OR = odds ratio; CI = confidence interval 
a 

Confidence interval incorrectly reported in article. 
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Association between wind turbine noise and sleep quality 

All four studies that compared sleep quality in respondents living close to wind turbines, 

compared with further away, found at least one sleep-related outcome that was statistically 

significantly different between groups (3 studies) or trending that way (1 study). Results were not 

adjusted for all plausible confounders (Table 7, page 46). Some outcome measures were not 

statistically significant but still reported trends towards worse sleep in respondents who lived 

closer to wind turbines. The results are shown in Table 20.  

Table 20 Association between sleep quality and distance from nearest wind turbine 

Study Self-reported 

outcome 

Distance (m) from nearest 

industrial wind turbine  

Difference  

 

Shepherd et al. 

(2011) 

New Zealand 

N=197 

 <2000 

n=39 

>8000 

n=158 

(statistical tests and 

p values) 

Perceived sleep quality % not stated % not stated t(195)=3.089, p=0.006 

Krogh et al. (2011) 

Canada 

N=109 

 350–673 

(mean = 506) 

n=not stated 

700–2400 

(mean = 908) 

n=not stated 

p value 

Disturbed sleep 78% 60% 0.078 

Excessive tiredness 86% 66% 0.031 

Morris (2012) 

Australia 

N=93 

 0–5000 

n=41 

5000–10,000 

n=52 

OR (95%CI) 

Disturbed sleepa  16/41 (39.0%) 11/52 (21.1%) 2.39 (0.96, 5.95) 

Nissenbaum, 

Aramini and 

Hanning (2012) 

USA 

N=79 

 375–1400 

(mean = 792) 

n=38 

3000–6600 

(mean = 5248) 

n=41 

p value 

PSQI mean score 7.8 6.0 0.046 

PSQI score >5b 65.8% 43.9% 0.07 

ESS mean score 7.8 5.7 0.03 

ESS score >10c 23.7% 9.8% 0.13 

Mean worsening sleep 

post WTsd 

3.1 1.3 <0.0001 

Improved sleep when 

away from WTs 

14/28 (50%) 2/34 (5.8%) <0.0001 

Average new sleep 

medications post WTs  

13.2 7.3 0.47 
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Study Self-reported 

outcome 

Distance (m) from nearest 

industrial wind turbine  

Difference  

 

New diagnoses of 

insomnia (n) 

2 0  

Bolded values indicate statistically significant differences.  
Abbreviations: OR = odds ratio; CI = confidence interval; PSQI = Pittsburgh Sleep Quality Index; ESS = Epworth 
Sleepiness Scale; WTs = wind turbines  
a 

Categorised on basis of reports such as cannot get to sleep; awaken; cannot return to sleep; wake in panic, sweat; 
wake due to ear pain, ear pressure, headache, nausea; had to move away; high blood pressure. 

b 
PSQI >5 is considered a ‘poor sleeper’.  

c 
About 10–20% of general population has an ESS score >10.  

d 
New sleep problems +worsening sleep problems/2; strongly agree (5) – strongly disagree (1). 

 

Shepherd et al. (2011) reported that perceived sleep quality (one of the variables assessed in the 

WHOQOL-BREF questionnaire) was worse in respondents who lived within 2 km of a wind turbine, 

compared with respondents who lived at least 8 km from a wind turbine (t(195)=3.09, p=0.006). 

Although this result is statistically significant, it is unclear what it meant in absolute terms for the 

respondents, as actual scores were not provided. Krogh et al. (2011) and Morris (2012) both used 

investigator-developed questionnaires that had not been validated to ascertain levels of disturbed 

sleep, and reported higher rates of disturbed sleep in respondents who lived closer to wind 

turbines than further away. The difference in disturbed sleep was not statistically significant in 

Krogh et al. (2011) (p=0.078) but the difference in level of ‘excessive tiredness’ was. The Australian 

study by Morris provided sufficient detail to permit the reviewers to determine a non-significant 

trend suggesting that those who lived within 5 km of a wind turbine had higher odds of reporting 

disturbed sleep than those who lived between 5 and 10 km away (OR 2.39 95% CI 0.96, 5.95).  

Nissenbaum, Aramini and Hanning (2012) reported statistically significantly worse sleep in those 

who lived closer to wind turbines (less than 1.4 km) than those who lived further away (3.0–

6.6 km) for the majority of sleep outcomes. For sleep quality, as measured on the Pittsburgh Sleep 

Quality Index (PSQI)32, mean scores were statistically higher in the group of respondents who lived 

closer to wind turbines. This corresponded to significantly worse sleep quality, sleep latency, sleep 

duration and habitual sleep efficiency; sleep disturbance; greater use of sleep medication; and 

more daytime dysfunction (Buysse et al. 1989). A score of over 5 on the PSQI is classified as a ‘poor 

sleeper’. There were a higher percentage of respondents who met this classification in the ‘near’ 

group than the ‘far’ group, although the difference was not statistically significant. Both groups 

would be considered to have poor sleep quality.  

In Nissenbaum, Aramini and Hanning’s (2012) study, daytime sleepiness was measured by the 

Epworth Sleepiness Scale (ESS). The mean ESS in those closer to turbines was 7.8, compared with 

5.7 for those further away (p=0.03). When the results were dichotomised to assess the percentage 

of those with a score of greater than 10, differences between the groups were not statistically 

                                                      

32
 The scale is 0–21, with 0 being best sleep quality and 21 being worst sleep quality, and a score of 5 and above is 

indicative of poor sleep quality. 
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significant, although the absolute difference between the groups was greater than 10% (Table 20). 

This result should be interpreted in the context of the ESS’s usefulness as a measure of sleepiness. 

The ESS is a scale that measures the likelihood of falling asleep in eight different situations. It is 

used to detect subjective problematic sleepiness in patients with sleep disorders and is not highly 

correlated with objective markers of sleepiness. Normal ranges vary according to the population 

studied, but generally scores of <9 indicate the absence of problematic sleepiness. In most 

patients with insomnia disorders, the ESS score is similar to, or lower than, controls.  

As well as using the validated instruments of the PSQI and ESS, Nissenbaum, Aramini and Hanning 

(2012) asked respondents in their questionnaire whether they considered that their sleep had 

worsened since the introduction of a wind turbine near their house, and whether they had 

improved sleep when away from wind turbines. Those living further away from the turbine, on 

average, disagreed that their sleep had worsened, while those living closer, on average, neither 

agreed nor disagreed. Half of the participants living within 1.4 km of a wind turbine reported 

improved sleep when away from turbines, compared with less than 6% in the group who lived 

over 3 km from a wind turbine. The difference was statistically significant. 

Association between wind turbine noise and annoyance 

Four studies assessed levels of annoyance or disturbance due to wind turbine noise in groups of 

people exposed to different estimated SPLs and/or living at different distances from wind turbines. 

Although annoyance is not considered to be a health effect by itself (i.e. it is a response rather 

than an effect), it is associated with stress, which could be considered a mediator or a moderator 

of health outcomes or health-related effects. Conversely, those with impaired physical or mental 

health may be more vulnerable to annoyance (Laszlo et al. 2012). Pedersen, the author of the 

Scandinavian studies, describes being annoyed as having ‘a lowered wellbeing’, which ‘should 

therefore be avoided’ (Pedersen 2011).  

The results of three studies (SWE-00, SWE-05 and NL-07) that reported on annoyance at wind 

turbine noise outdoors or indoors were combined in one publication (Pedersen 2011), and the 

results are shown in Table 21. Annoyance was treated as a binary outcome, with ‘do not notice’, 

‘notice but not annoyed’ and ‘slightly annoyed’ responses combined and compared against 

responses of ‘rather annoyed’ and ‘very annoyed’. All results shown were statistically significant, 

indicating that, at greater estimated A-weighted SPLs, respondents were more likely to report 

annoyance at wind turbine noise. However, in the Swedish study (SWE-05) estimated SPL was not 

an independent predictor of noise annoyance when analyses were controlled for visibility of wind 

turbines, background noise and/or area type (whether rural or urban, with complex or flat terrain) 

(Pedersen & Persson Waye 2007). Conversely, in the Dutch study (NL-07) reported by Pedersen et 

al. (2009), estimated SPL was observed to be associated with annoyance independently of 

economic benefit, visibility of wind turbines and area type (Table 24). 
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Table 21 Association between estimated A-weighted sound pressure levels (independent, 

continuous variables) and annoyance at wind turbine noise (OR, 95%CI) 

Study Outcome 

measure 

SWE-00a 

OR (95%CI) 

Nc=319–333  

SWE-05a 

OR (95%CI) 

Nc=720–744 

NL-07b 

OR (95%CI) 

Nc=639–678  

Comparison of 

studies NL-07, 

SWE-00 and SWE-

05 

Pedersen (2011) 

The Netherlands 

and Sweden 

Annoyance 

outdoors 

1.24 (1.13, 1.36) 1.14 (1.03, 1.27) 1.18 (1.12, 1.24) 

Annoyance indoors 1.38 (1.20, 1.57) 1.42 (1.17, 1.71) 1.20 (1.13, 1.27) 

Bolded values indicate statistically significant differences.  
Abbreviations: OR = odds ratio; CI = confidence interval  
a 

Adjusted for age and gender. 
b 

Adjusted for age, gender and economic benefits. 
c 

Range of number of respondents in the analyses. Differences in number of respondents are due to missing cases, 
that is, the respondents not answering single questions in the questionnaire.  

 
Details of the rates of annoyance at wind turbine noise in SWE-00, SWE-05 and NL-07 are shown in 

Table 22. Pedersen and Persson Waye (2004) reported that, from study SWE-00, the relative odds 

of being annoyed by wind turbine noise was 1.9 per noise exposure category. The pseudo-R2 was 

0.13, suggesting that only 13% of the variance in annoyance could be explained by estimated A-

weighted SPL (Table 22). In other words, estimated noise level was not a good predictor of 

annoyance. 

In an unadjusted analysis Bakker et al. (2012) reported that, in a Dutch population (study NL-07), 

response to wind turbine sound outdoors was correlated with levels of wind turbine sound 

(ρ33=0.50, n=708, p<0.001), with the proportions of respondents annoyed by the sound increasing 

as sound levels increased, up to 45 dB(A), after which the proportions decreased. Similarly, 

perception and annoyance increased with increasing estimated SPLs indoors (ρ=0.36, n=699, 

p<0.001) (Pedersen et al. 2009). 

One Australian study analysed results by distance from a wind turbine reported on annoyance or 

disturbance by wind turbine noise (Table 23). This study asked “does the wind farm generate noise 

disturbance?” (Morris 2012). The study had a low response rate (40%) (risk of sample selection 

bias) and no masking of study intent (risk of recall bias), meaning that people more likely to report 

disturbance could have been more interested in participating in the survey. Those living closer to 

wind turbines had much greater odds of being disturbed during the day and night by wind turbine 

noise than those who lived further away. The disturbances listed were specified as vibration of 

                                                      

33
 Spearman’s rho. 
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building, noise (roaring, thumping, grinding, whining, drumming, constant rumbling, noise that can 

be heard over the television) and changes in behaviour required (have to keep windows shut, had 

to relocate lounge room to hear television). No adjustments were made for potential confounding 

factors such as age, gender or economic benefits. 

Overall, the results of the four studies were consistent in showing that, at closer distances or 

greater sound levels, respondents were more likely to report being annoyed by wind turbine noise 

than if they lived at greater distances or experienced lower estimated SPLs. Three of the studies 

attempted to reduce recall bias by masking the studies’ intent and asking about multiple sources 

of annoyance. Adjustment for confounding did not completely explain the effect. 

 

Other possible determinants of annoyance from wind turbines 

Economic benefit 

Only one study (NL-07; reported in van den Berg et al. 2008 and Pedersen et al. 2009) assessed 

economic benefit as a possible determinant of reported noise annoyance from wind turbines. 

Respondents who received an economic benefit from the wind turbines were much less likely to 

report annoyance than those who did not receive an economic benefit. The OR for annoyance in 

those who received economic benefit relative to those who did not was 0.06 (95% CI 0.02, 0.23) 

after taking account of possible confounding by estimated SPL, visibility of wind turbines and area 

type (Pedersen et al. 2009, see Table 28). Thus, receiving an economic benefit from wind turbines 

reduced the odds of being annoyed by wind turbine noise. 

Those living in a built-up area were less likely to benefit economically from wind turbines (2%) 

than those in rural areas (19%) (Pedersen et al. 2009).  

Neither Pedersen et al. (2009) nor van den Berg et al. (2008), reporting on study NL-07, specified 

whether those who received economic benefits from wind turbines had a part in the decision 

regarding location of the wind turbines. Although it is possible that receiving an economic benefit 

reduced the likelihood of being annoyed, it is also possible that respondents who were favourable 

towards wind turbines prior to their construction (and less likely to be annoyed) were more likely 

to agree to have one placed close to their place of residence in exchange for an economic benefit. 

Given the cross-sectional design of study NL-07, the direction of the association cannot be 

determined.  
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Table 22 Association between estimated A-weighted sound pressure levels and annoyance 

(further details) 

Study Self-reported outcome Results 

SWE-00 

Pedersen and Persson Waye 

(2004) 

Sweden 

Na=319–333 

Annoyance (location not 

specified) 

β=0.63, p<0.001, Exp(b) (OR) 1.9 (95%CI 

1.5, 2.4) for increase in annoyance when 

moving from one sound category to the 

nextb  

Pseudo-R2=0.13 

SWE-05 

Pedersen and Persson Waye 

(2007) 

Sweden 

N=720–744 

Annoyance (location not 

specified) 

<37.5 dB(A): 3–4% 

37.5–40 dB(A): 6% 

>40 dB(A): 15% 

NL-07 

Bakker et al. (2012) 

The Netherlands 

 

N=639–678 

Annoyance (outdoors) <30 dB(A): 4/178 (2%) 

30–35 dB(A): 16/213 (8%) 

35–40 dB(A): 28/159 (18%) 

40–45 dB(A): 17/93 (18%) 

>45 dB(A): 8/65 (12%) 

Total: 73/708 (10%) 

Annoyance outdoors (no 

economic benefit) 

<30 dB(A): 4/166 (2%) 

30–35 dB(A): 16/199 (8%) 

35–40 dB(A): 28/140 (20%) 

40–45 dB(A): 15/60 (25%) 

>45 dB(A): 6/28 (21.4%) 

Total: 69/586 (12%) 

Annoyance indoors (no 

economic benefit) 

<30 dB(A): 2/167 (1.2%) 

30–35 dB(A): 8/191 (4.2%) 

35–40 dB(A): 12/140 (8.6) 

40–45 dB(A): 15/60 (25%) 

>45 dB(A): 4/21 (19.0%) 

Total: 41/579 (7%)  

Bolded values indicate statistically significant differences.  
Abbreviations: OR = odds ratio; CI = confidence interval  
a 

Range of number of respondents in the analyses. Differences in number of respondents are due to missing cases; 
that is, the respondents not answering single questions in the questionnaire. 

b 
Upon being contacted, Professor Persson Waye clarified that this related to moving from any sound category to the 
next sound category, not just with respect to the reference category of <30 dB. 
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Table 23 Association between distance from nearest wind turbine and annoyance or 

disturbance 

Study Outcome measure Proportion affected by distance 

(km) from nearest industrial wind 

turbine  

OR (95%CI) 

Morris (2012)  

Australia 

 0–5 

n=41 

5–10 

n=52 

 

Disturbed by noise during 

day 

23/41 (56.1%) 13/52 (25%) 3.83  

(1.59, 9.24) 

Disturbed by noise during 

night 

22/41 (53.7%) 15/52 (28.8%) 2.86  

(1.21, 6.74) 

Bolded values indicate statistically significant differences.  
Abbreviations: OR = odds ratio; CI = confidence interval 

 

Terrain, urbanisation and visibility 

Two studies looked at whether the type of terrain or urbanisation where the wind turbines and 

residences were located was associated with levels of annoyance (SWE-05 and NL-07). The results 

were slightly contradictory (Table 24). The Swedish study (SWE-05) reported that, even when 

estimated turbine noise exposure was controlled, respondents were more likely to be annoyed by 

‘wind turbine noise’ if they lived in rural areas (compared with suburban), if they subjectively 

assessed the level of background noise as quiet or if they could see the wind turbine (Pedersen & 

Persson Waye 2007). The Dutch study (NL-07) found that there was a very slight association 

between annoyance and estimated SPLs when area type, visibility and economic benefit were 

controlled. However, consistent with SWE-00, living in a rural area near a main road was 

associated with reduced odds of being annoyed by wind turbine noise (living in a built-up area was 

the reference) when adjusted for estimated turbine SPLs, age, gender and economic benefit (van 

den Berg et al. 2008). This supports the concept of noise habituation; that is, people living in noisy 

areas are more habituated to noise than people living in quiet areas. 

Both the Swedish (SWE-05) and Dutch studies (NL-07) reported that visibility of wind turbines 

increased the odds of noise annoyance to a large degree (although the actual magnitude of the 

effect was uncertain, as shown by the wide confidence intervals) (Table 24).  
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Table 24 Associations of terrain, urbanisation and visual factors with annoyance from wind 

turbine noise in multiple logistic regression models 

Study Variables included in multiple logistic 

regression models 

ORs for annoyance from wind 

turbine noise (95% CI)a 

SWE-05  

Pedersen and 

Persson 

Waye (2007) 

N=720–744 

Sweden 

Sound pressure level (dB(A)) 1.1 (1.0, 1.3) 

Terrain (complex; flat) 0.8 ( 0.4, 1.8) 

Sound pressure level (dB(A)) 1.1 (1.0, 1.2) 

Suburban; rural 3.8 (1.8, 7.8) 

Sound pressure level (dB(A)) 1.1 (1.0, 1.2) 

Suburban and flat (n=222) Reference category 1.0 

Suburban and complex (n=347) 2.1 (0.6, 7.3) 

Rural and flat (n=157) 5.2 (1.6, 16.7) 

Rural and complex ground (n=28) 10.1 (2.5, 41.6) 

Sound pressure level (dB(A)) 1.1 (0.9, 1.2) 

Subjective background noise (not quiet; quiet) 3.6 (1.2, 10.7) 

Sound pressure level (dB(A)) 1.1 (0.9, 1.2) 

Vertical visual angle (degrees; +1 degree) 1.2 (1.0, 1.4) 

Sound pressure level (dB(A)) 1.1 (1.0, 1.2) 

Visibility (no; yes) 10.9 (1.5, 81.9) 

NL-07 

Pedersen et 

al. (2009) 

The 

Netherlands 

Sound pressure level (dB(A)) 1.1 (1.07, 1.21) 

Economic benefit (no; yes) 0.1 (0.02, 0.23) 

Visibility (no; yes) 13.7 (3.16, 57.4) 

Area type (reference: rural)  

Rural with main road 0.3 (0.17, 0.71) 

Built-up 1.9 (1.02, 3.59) 

NL-07 

Van den Berg 

et al. (2008) 

The 

Netherlands 

Urbanisationb  

Built-up area 1.0 

Rural area with a main road 0.20 (0.08, 0.45) 

Rural area without a main road 0.55 (0.28, 1.08) 

Bolded values indicate statistically significant differences.  
Abbreviations: OR = odds ratio; CI = confidence interval  
a 

Odds ratios and 95% CIs have been calculated from published beta coefficients and standard errors.  
b 

Adjusted for estimated turbine sound levels, age, gender and economic benefits. 
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Attitudes towards wind turbines 

In all three European studies (SWE-00, SWE-05 and NL-07) data on attitudes towards wind 

turbines in general, attitudes towards the visual impact of wind turbines and subjective 

classifications of noise sensitivity of respondents were collected to ascertain how these factors are 

associated with reported annoyance from wind turbine sound (Table 25).  

Pedersen and Persson Waye (2004) reported that, in the SWE-00 study, estimated SPL alone 

explained only 13% of the variance predicted by their model on wind turbine noise annoyance. 

When self-classified noise sensitivity was added to the logistic regression analysis, 18% of the 

variance was explained. However, when the attitude of the respondent towards the visual impact 

of wind turbines was added to estimated SPL in the model, 46% of the variance in noise 

annoyance was explained (Table 25)—suggesting that visual attitude is a strong predictor. These 

results are similar to the later Swedish study (SWE-05), which reported that a negative visual 

attitude increased the odds of being annoyed by the sound by over 14 times (Pedersen & Persson 

Waye 2007). Using data from the Dutch study (NL-07), Pedersen et al. (2009) undertook a multiple 

logistic regression analysis of the relationship between annoyance and estimated SPL (continuous 

scale), noise sensitivity, general attitude to wind turbines and visual attitude to wind turbines. The 

factor that had the greatest impact on annoyance was visual attitude, which had an OR of 2.8 per 

point increase on a 5-point scale. When visual attitude was assessed (with estimated SPL, age, sex 

and economic benefits controlled for, but not noise sensitivity or general attitude towards wind 

turbines), a negative attitude of the respondent towards the visual impact of wind turbines 

increased the odds of noise annoyance by over 4 times (OR=4.10, 95%CI 2.84, 5.91). It is unknown 

to what extent the general attitudes or visual attitudes towards wind farms precede the 

development of noise annoyance, or whether these attitudes changed in response to noise 

annoyance.  
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Table 25 Associations of noise sensitivity and attitudes to wind turbines with wind turbine 

noise annoyance 

Study Variables included in univariate or 

multiple logistic regression models 

ORs for annoyance from wind 

turbines (95% CI)a 

SWE-00 

Pedersen and 

Persson Waye 

(2004) 

Sweden 

Sound pressure level (dB(A)) 1.8 (95%CI 1.5, 2.4) 

Pseudo-R2=0.13 

Sound pressure level (dB(A)) 1.9 (95%CI 1.5, 2.4) 

Noise sensitivity 1.9 (95%CI 1.5, 2.4) 

Pseudo-R2=0.18 

Sound pressure level (dB(A)) 1.9 (95%CI 1.5, 2.4) 

General attitude (not negative; negative) 1.7 (95%CI 1.3, 2.3) 

Pseudo-R2=0.20 

Sound pressure level (dB(A)) 1.9 (95%CI 1.5, 2.5) 

General attitude (not negative; negative) 1.8 (95%CI 1.3, 24.1) 

Noise sensitivity 1.8 (95%CI 1.2, 2.7) 

Pseudo-R2=0.24 

Sound pressure level (dB(A)) 1.7 (95%CI 1.3, 2.3) 

Visual attitude (not negative; negative) 1.7 (95%CI 1.3, 2.3) 

Pseudo-R2=0.46 

Sound pressure level (dB(A)) 1.8 (95%CI 1.3, 2.4) 

Visual attitude (not negative; negative) 4.9 (95%CI 3.1, 7.7) 

Noise sensitivity 1.25 (95%CI 0.8, 2.0) 

Pseudo-R2=0.47 

Sound pressure level (dB(A)) 1.8 (95%CI 1.3, 2.4) 

Visual attitude (not negative; negative) 5.1 (95%CI 3.1, 8.4) 

General attitude (not negative; negative) 0.9 (95%CI 0.6, 1.3) 

Noise sensitivity 1.2 (95%CI 0.8, 1.9) 

Pseudo-R2=0.47 

SWE-05 

Pedersen and 

Persson Waye 

(2007) 

Sweden 

Sound pressure level (dB(A)) 1.1 (1.02, 1.26) 

Noise sensitivity (not sensitive; sensitive) 2.5 (1.14, 2.53) 

Sound pressure level (dB(A)) 1.1 (1.00, 1.25) 

General attitude (not negative; negative) 13.4 (6.03, 29.59) 

Sound pressure level (dB(A)) 1.1 (1.01, 1.25) 

Visual attitude (not negative; negative) 14.4 (6.37, 32.44) 

NL-07  Noise sensitivity (4-point scale) 1.94 (1.51, 2.49) 
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Study Variables included in univariate or 

multiple logistic regression models 

ORs for annoyance from wind 

turbines (95% CI)a 

Van den Berg et al. 

(2008) 

The Netherlands 

General attitude (5-point scale) 3.18 (2.37, 4.26) 

Visual attitude (5-point scale) 4.10 (2.84, 5.91) 

Visual judgement (scale) 2.55 (1.74, 3.73) 

Utility judgement (scale) 1.68 (1.43, 2.47) 

NL-07 

Pedersen et al. 

(2009) 

The Netherlands 

Sound pressure level (dB(A)) 1.1 (1.04, 1.17) 

Noise sensitivity (5-point scale) 1.4 (1.08, 1.87) 

General attitude (5-point scale) 1.7 (1.23, 2.39) 

Visual attitude (5-point scale) 2.8 (1.84, 4.35) 

Bolded values indicate statistically significant differences.  
Abbreviations: OR = odds ratio; CI = confidence interval  
a 

Odds ratios and 95% CIs have been calculated from published beta coefficients and standard errors. 
NB: where factors are grouped, they have been entered into a multiple logistic regression analysis together.  
 

Association between annoyance and sleep and health outcomes  

Four studies reported on associations between annoyance due to wind turbine noise, sleep quality 

and health outcomes. Shepherd et al. (2011) reported that noise annoyance (from traffic, 

neighbours or other sources, including wind turbines) was negatively correlated with health to a 

similar degree in those living within 2 km of wind turbines (r=-0.31, p>0.05) and those living 8 km 

or more from turbines (r=-0.26, p<0.001). There were poor response rates in both the turbine and 

comparison groups (34% and 32% respectively), although this should not greatly affect measures 

of association within each group.  

Pedersen (2011) assessed the relationship between annoyance with wind turbine noise (outdoors 

and indoors) and health outcomes in the two Scandinavian studies (SWE-00, SWE-05) and one 

Dutch study (NL-07). Annoyance outdoors was consistently associated with sleep interruption 

(Table 26), while two out of the three studies also showed a relationship between annoyance and 

headaches or irritability. One study demonstrated a paradoxical relationship between outdoor 

annoyance and reduced odds of self-reported tinnitus, but increased odds of self-reported 

diabetes or being tense and stressed (Table 26). This, and the lack of effect in the other studies, 

suggests that the results have been affected by confounding or chance. Annoyance indoors was 

consistently associated with sleep interruption, but other outcomes such as self-reported 

diabetes, headache, undue tiredness, being tense and stressed, and irritability were all associated 

with annoyance indoors in only one out of three studies (  
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Table 27). The cross-sectional design is ambiguous with respect to the direction of any of these 

associations; for example, it cannot distinguish between sleep interruption consequent on 

annoyance or annoyance consequent on sleep interruption. Similarly, the analyses that were 

undertaken in these studies do not account for all plausible confounders so it is unclear whether 

factors other than annoyance with wind turbine noise were responsible for the apparent 

association with sleep interruption. 

Table 26 Association between annoyance outdoors due to wind turbine noise and health 

outcomes 

Study Self-reported health 

outcomes 
SWE-00a 

OR (95%CI) 

Nc=319–333  

SWE-05a 

OR (95%CI) 

Nc=720–744 

NL-07b 

OR (95%CI) 

Nc=639–678  

Comparison of 

studies NL-07, 

SWE-00 and 

SWE-05 

Pedersen 

(2011) 

The 

Netherlands 

and Sweden 

Sleep interruption 2.26 (1.76, 2.90) 1.71 (1.35, 2.17) 1.78 (1.49, 2.14) 

Chronic disease 0.90 (0.71, 1.08) 0.90 (0.74, 1.26) 0.98 (0.81, 1.19) 

Diabetes 0.69 (0.55, 1.22) 0.71 (0.40, 1.28) 1.70 (1.14, 2.56) 

High blood pressure 0.82 (0.55, 1.22) 1.10 (0.84, 1.45) 0.86 (0.64, 1.17) 

Cardiovascular disease 1.07 (0.58, 1.98) 1.00 (0.64, 1.55) 0.95 (0.65, 1.38) 

Tinnitus 1.55 (0.95, 2.53) 0.88 (0.60, 0.98) 0.82 (0.45, 1.48) 

Impaired hearing 1.03 (0.96, 1.19) 0.78 (0.51, 1.21) 1.13 (0.76, 1.67) 

Headache 1.24 (1.01, 1.51) 1.04 (0.86, 1.26) 1.25 (1.04, 1.50) 

Undue tiredness 1.22 (1.00, 1.49) 1.12 (0.93, 1.35) 1.10 (0.93, 1.31) 

Tense and stressed 1.25 (1.00, 1.56) 1.22 (1.00, 1.50) 1.27 (1.07, 1.50) 

Irritable 1.36 (1.10, 1.69) 1.22 (1.00, 1.49) 1.27 (1.07, 1.50) 

Bolded values indicate statistically significant differences.  
Abbreviations: OR = odds ratio; CI = confidence interval  
a 

Adjusted for age, gender, and estimated A-weighted sound pressure levels.  
b 

Adjusted for age, gender, economic benefits, and estimated A-weighted sound pressure levels. 
c 

Range of number of respondents in the analyses. Differences in number of respondents are due to missing cases, 
that is, the respondents not answering single questions in the questionnaire.  
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Table 27 Association between annoyance indoors due to wind turbine noise and health 

outcomes 

Study Self-reported 

health outcomes 
SWE-00a 

OR (95%CI) 

Nc=319–333  

SWE-05a 

OR (95%CI) 

Nc=720–744 

NL-07b 

OR (95%CI) 

Nc=639–678  

Comparison of 

studies NL-07, 

SWE-00 and SWE-

05 

Pedersen (2011) 

The Netherlands 

and Sweden 

Sleep interruption 2.62 (1.90, 3.61) 2.58 (1.79, 3.71) 2.03 (1.66, 2.47) 

Chronic disease 0.93 (0.69, 1.25) 0.94 (0.68, 1.31) 1.05 (0.09,1.28) 

Diabetes 0.73 (0.30, 1.75) 0.59 (0.22, 1.59) 1.62 (1.10, 2.40) 

High blood 

pressure 

0.07 (0.36, 1.19)d 0.85 (0.52, 1.38) 0.83 (0.59, 1.16) 

Cardiovascular 

disease 

0.99 (0.46, 2.17) 0.97 (0.49, 1.94) 0.76 (0.47, 1.22) 

Tinnitus 1.25 (0.77, 2.05) 0.57 (0.24, 1.33) 0.67 (0.28, 1.57) 

Impaired hearing 1.14 (0.72, 1.79) 0.56 (0.24, 1.32) 1.20 (0.80, 1.80) 

Headache 1.07 (0.83, 1.37) 1.11 (0.81, 1.52) 1.28 (1.06, 1.54) 

Undue tiredness 1.36 (1.05, 1.77) 1.00 (0.95, 1.80) 1.15 (0.96, 1.37) 

Tense and stressed 1.03 (0.79, 1.35) 1.07 (0.77, 1.48) 1.24 (1.04, 1.48) 

Irritable 1.22 (0.93, 1.61) 1.23 (0.80, 1.72) 1.26 (1.06, 1.50) 

Bolded values indicate statistically significant differences.  
Abbreviations: OR = odds ratio; CI = confidence interval 
a 

Adjusted for age and gender. 
b 

Adjusted for age, gender, and economic benefits. 
c 

Range of number of respondents in the analyses. Differences in number of respondents are due to missing cases, 
that is, the respondents not answering single questions in the questionnaire. 

d 
OR and 95% CI as printed in Pedersen 2011. 

 
Multivariate analysis 
Pedersen et al. (2009) used a multiple logistic regression model to simultaneously examine 

associations between estimated A-weighted SPL, economic benefit, visibility of wind turbines and 

area type with annoyance, using the response variable ‘not annoyed / annoyed by the wind 

turbine sound’ (Table 28).  

Visibility of wind turbines, economic benefit from wind turbines and type of area of residence 

were strongly associated with reported annoyance from wind turbine noise. These associations 

were of greater magnitude than the association between estimated SPL and annoyance, meaning 

that these other factors had more impact on reported noise annoyance than the actual noise level. 

However, the weak association between estimated SPL and noise annoyance remained even after 

controlling for economic benefit, turbine visibility and area type (Table 28; Pedersen et al. 2009). 
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Receiving an economic benefit from wind turbines reduced the odds of being annoyed by wind 

turbine noise by more than 10 times, and living in a rural area near a main road reduced the odds 

by two-thirds, compared with living in a rural area without a main road. It should be noted that 

benefiting economically did not influence the perception of the sound, whereas estimated SPL, 

wind turbine visibility and living near a main road did influence perception (Pedersen et al. 2009).  

Table 28  Independent predictors of annoyance from wind farms in the Dutch study (NL-07) 

Study Independent predictors  Odds ratios for annoyance 

from wind turbinesa 

NL-07 

Van den Berg et al. (2008) 

The Netherlands 

Age (OR per year)b 

Gender (male; female)b 

Economic benefits (no; yes)b 

OR=1.03 (95%CI 1.01, 1.05) 

OR=0.93 (95%CI 0.56, 1.53) 

OR=0.05 (95%CI 0.01, 0.19) 

NL-07c 

Pedersen et al. (2009) 

The Netherlands 

n=639–678 

Sound pressure level (dB(A)) OR 1.14 (95%CI 1.08, 1.20)  

Economic benefit (no; yes) OR 0.06 (95%CI 0.02, 0.23)  

Visibility (no; yes) OR 13.7 (95%CI 3.2, 59.0)  

Area type (reference: rural)  

Rural 

Rural with main road 

OR 1.00 

OR 0.34 (95%CI 0.17, 0.71) 

Built-up OR 1.92 (95%CI 1.02, 3.59) 

Bolded values indicate statistically significant differences.  
Abbreviations: OR = odds ratio; CI = confidence interval  
a 

Beta coefficients and standard errors have been used to transform to odds ratios and 95% CIs.  
b 

Adjusted for estimated sound pressure levels. 
c 

All listed determinants were included as independent predictors in a multivariate logistic regression and thus the 
reported odds ratios control for the effects of the other predictors in the model. 

 

 

SQ3. IS THERE ANY RELIABLE EVIDENCE OF AN ASSOCIATION BETWEEN INFRASOUND AND 

LOW-FREQUENCY NOISE FROM WIND TURBINES AND ADVERSE HEALTH EFFECTS?  

There were no studies obtained in the systematic review searches that reported specifically on 

infrasound and low-frequency noise exposures from wind turbines. 

  

Exhibit A4-2c

Page 99 of 296
 

014238



 

100 

 

 

SUMMARY: DIRECT EVIDENCE ON NOISE 

 

SQ1. Is there any reliable evidence of an association between distance from wind turbines 

and adverse health effects?  

SQ2. Is there any reliable evidence of an association between audible noise (greater than 

20 Hz) from wind turbines and adverse health effects?  

SQ3. Is there any reliable evidence of an association between infrasound and low-

frequency noise from wind turbines and adverse health effects?  

Seven cross-sectional studies reported on the association between estimated noise levels 

or distance from wind turbines and self-reported adverse health effects. Their cross-

sectional design means that it is not certain, or not known, whether onset of any possible 

adverse health effect preceded or followed the beginning of a participant’s exposure to 

wind turbines. Four of the seven studies sought to mask participants to the intent of the 

research (i.e. investigating the effects of wind farms on humans) but it is not known 

whether this was effective. Response rates varied from 32% to 68% of potential 

participants contacted. Low response rates could have biased survey results (selection 

bias); for example, those near wind turbines and suffering from a health problem might 

have been more likely to respond, particularly if the intent of the study was evident. One 

study (Krogh et al. 2011), which lacked a systematic recruitment method and encouraged 

people with health problems to participate, would have been particularly prone to bias. 

Three studies used validated questionnaires in common use but supplemented them with 

author-developed items (NL-07; Nissenbaum, Aramini & Hanning 2012; Shepherd et al. 

2011), while the other studies used questionnaires that were either author-developed or 

of uncertain origin. The validity of these other questionnaires is not known. Given these 

limitations, the findings of these studies should be interpreted cautiously.  

Six studies reported on self-assessments of physical health problems (i.e. general health, 

any chronic disease, diabetes, high blood pressure, cardiovascular disease, tinnitus, 

hearing impairment, migraine and headache) and whether respondents had approached a 

doctor. Single studies showed associations between estimated A-weighted sound pressure 

levels and self-reported tinnitus or diabetes, but these findings were not replicated in 

other studies. Findings were not adjusted for all possible confounders and could also have 

been due to chance effects (as a consequence of conducting multiple statistical tests). 

None of the other physical health conditions were significantly associated with wind 

turbine exposure, whether assessed by proximity of a residence to a wind turbine or by 

estimated wind turbine sound pressure level at a residence.  
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SUMMARY (CONT.)  

 

Five studies assessed the relationship between estimated wind turbine noise exposure and 

indicators of mental health. In only one of the five studies (Nissenbaum, Aramini & 

Hanning 2012) was greater proximity to wind turbines associated with poorer self-reported 

mental health. Respondents in this study were not masked to the intent of the study (at 

risk of recall bias). 

Chance, bias and confounding are possible explanations for the few observed positive 

associations between physical and mental health and exposure to wind turbines. 

The relationship between distance from wind turbines and quality of life was assessed by 

three studies. One study (Shepherd et al. 2011) that attempted to mask participants to 

study intent and used a validated questionnaire reported a positive association between 

distance from wind turbines and overall quality of life. The other two studies used author-

formulated questions and did not mask the intent of the study and found similar results. 

One study found that the majority of people reported that their quality of life had altered 

since living within 2400 metres of a wind turbine (Krogh et al. 2011), while the remaining 

study reported a 74% difference in those wishing to move from the vicinity of a turbine 

(less than 1.4 km) when compared with residents living further away (over 3 km) 

(Nissenbaum, Aramini & Hanning 2012). Bias and confounding are possible explanations 

for the observed associations. 

Aspects of self-reported sleep were recorded in all seven studies. Most of the studies were 

consistent in reporting poorer sleep (predominantly sleep interruption and poorer sleep 

quality) with greater estimated exposure to audible noise or shorter residential distance 

from wind turbines. No objective measures of sleep quality were used and possible 

confounding was not consistently controlled. In the SWE-00, SWE-05 and NL-07 studies the 

association of objective estimates of sound pressure level with sleep interruption was not 

as strong as the associations of subjective annoyance with wind turbine noise and sleep 

interruption.  

Annoyance is not a health outcome but was considered relevant to this review due to its 

association with stress, which is a possible mediator or moderator of health outcomes. 

Four studies examined the association between annoyance and wind turbine noise. Noise 

was measured as estimated sound pressure level or distance from wind turbines. The 

studies were consistent in observing that annoyance was greater when noise level was 

greater or distance to a wind turbine was less. This association persisted, although it was 

weaker, after taking account of possible confounding between exposure to wind turbines 

and age, gender, economic benefit from wind turbines, visibility of wind turbines and type 

of area of residence. 
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SUMMARY (CONT.)  

 

The association between estimated noise level and annoyance was significantly affected by 

the individuals’ visual attitude to wind turbines (i.e. whether they found them beautiful, or 

ugly and unnatural) in the three studies that assessed this as a potential confounding or 

modifying factor. 

Visual attitude to wind turbines was a much stronger predictor of annoyance than 

estimated sound pressure level. Bias and confounding are possible explanations for the 

associations observed between exposure to wind turbines and annoyance. 

 

Is there any reliable evidence of an association between annoyance from wind turbines 

and adverse health effects?  

Three cross-sectional studies that attempted to mask participants to study intent provided 

evidence on the association between annoyance from wind turbines and self-reported 

health, adjusting for estimated audible noise exposure (and age, gender and economic 

benefit from wind turbines in one study). Annoyance indoors and outdoors was 

consistently positively associated with sleep interruption but bias and confounding are 

possible explanations for this association. Less consistent effects were shown for the 

association between outdoor annoyance and headaches or irritability (two studies), or self-

reported diabetes, being tense and stressed, or reduced odds of self-reported tinnitus (one 

study apiece). This lack of consistency was also shown for the association between indoor 

annoyance and self-reported diabetes, headaches, undue tiredness, being tense and 

stressed, and irritability (one study apiece).  

There were no studies available that specifically reported on the association between 

adverse health effects and infrasound and low-frequency noise measured near wind 

turbines. 

 

A summary of the evidence-base informing the association between estimated noise 

exposure from wind farms and health outcomes is given in Box 3. 
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Box 3 Evidence statement matrix for noise 

Key question: 

Is there any reliable evidence of an association between audible noise (greater than 20 Hz) from wind turbines and adverse health effects? If so: 

A. How strong is this association? 

B. How does the strength of this association relate to distance from wind turbines? [Systematic Review question on distance has been 

merged here] 

C. Might this association be explained by: 

i. chance? 

ii. bias? or 

iii. confounding? 

Bakker et al. (2012); 

Nissenbaum, Aramini 

and Hanning (2012); 

Pedersen and Persson 

Waye (2004), (2007); 

Krogh et al (2011); 

Morris (2012); 

Shepherd et al. (2011) 

1. Evidence-base (Number of studies, level of evidence and risk of bias and confounding in the included studies) 

7 level IV aetiology studies (cross-sectional studies) A One or more level I studies with a low risk of bias or several level II studies with a low risk of 

bias and confounding 

B One or two level II studies with a low risk of bias or SR/several level III studies with a low risk 

of bias and confounding 

C One or two level III studies with a low risk of bias or level I or II studies with a moderate risk of 

bias and confounding 

D Level IV studies or level I to III studies/SRs with a high risk of bias and confounding 

2. Consistency (If only one study was available, rank this component as ‘not applicable’) 
No associations between wind turbine exposure and physical or mental health effects were 

consistently reported in multiple studies. 

All three studies that reported on it found an association of wind turbine exposure with poorer 

quality of life, but only one study used a validated questionnaire and masked the intent of the 

study from participants. All four studies that examined it reported that wind turbine exposure 

was associated with interrupted or poorer sleep. All four studies that examined it, reported an 

association of wind turbine exposure with annoyance―the intent of three of these studies 

was masked from participants. Selection bias and confounding are possible explanations for 

these associations.  

 

 

A All studies consistent—for one relevant non-health effect (annoyance) and one health related 

effect (sleep disturbance/sleep quality) 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question—for one health related 

effect (quality of life) 

D Evidence is inconsistent—for all reported health effects 

NA Not applicable (one study only)  
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3. Population health impact (Indicate in the blank space below if the study results varied according to some unknown factor (not simply study quality or sample size) and thus the population 

health impact of the exposure could not be determined; or whether the impact could not be determined because the studies were underpowered and could not be meta-analysed. Otherwise, 

provide justification for your selection of the A–D rating, i.e. the size of the effect and precision of the estimate of adverse health effects) 

The very limited evidence of any impact of wind turbine exposure on self-reported physical 

and mental health effects could be explained by chance, bias or confounding.  

 

While the evidence for effects of wind turbine exposure on sleep and quality of life was 

inconsistent and possibly explained by bias or confounding, the associations observed 

suggest the possibility of a moderate impact on exposed people. While there was consistent 

evidence of an association between wind turbine exposure and annoyance, the association 

was weak when adjusted for plausibly confounding variables. Thus any health-related impact 

of annoyance, if there is one, would probably be small. 

 

 

A Very large 

B Substantial 

C Moderate—for health-related effects (sleep disturbance/sleep quality and quality of life) 

D Slight/restricted—for health effects and a relevant non-health effect (annoyance) 

4. Generalisability (How well does the body of evidence match the population being targeted by the NHMRC advice?) 

Poor response rates. Unknown whether responders are similar to non-responders and thus 

representative of all residents near wind farms.  
A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be sensibly applied 

D Evidence not directly generalisable to target population and hard to judge whether it is sensible 

to apply 

5. Applicability (Is the body of evidence relevant to the Australian setting for the exposure?) 

One study was done in Australia. Remaining studies were done in New Zealand, Canada, 

USA, The Netherlands, and Sweden (two studies). Since European and North American 

countries have a longer history of, and more extensive, wind turbine development and a 

greater population density than Australia, it is possible that wind turbine exposure in Australia 

is qualitatively and quantitatively different from the exposures contributing most evidence. 

A Evidence directly applicable to Australian exposure setting 

B Evidence applicable to Australian healthcare exposure setting with few caveats 

C Evidence probably applicable to Australian exposure setting with some caveats 

D Evidence not applicable to Australian exposure setting 

Other factors (Indicate here any other factors that you took into account when assessing the evidence-base (e.g. issues that might cause the group to downgrade or upgrade the 

recommendation, such as the biological plausibility evidence presented in Background Question 4) 
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No studies in the systematic review specifically reported on the health impact of infrasound and low frequency noise (ILFN). Estimates of A-weighted audible wind turbine sound at subjects’ 

residences and distance of residences from wind turbines probably misclassify exposure to infrasound from wind turbines and studies based on them might, therefore, under-estimate the strength 

of any associations of wind turbine infrasound with health effects that might be present.  

The information addressing Background Questions 3 and 4 (see relevant sections in the report) was not sufficiently persuasive to result in an upgrade of the evidence rating obtained from the direct 

evidence. A mechanism of action for ILFN to cause adverse health effects could not be identified. The effect of infrasound in laboratory circumstances was based on the measurement of 

intermediate physiological outcomes and produced inconsistent findings of uncertain applicability to the wind turbine setting.  

The quality of the evidence-base and the evidence for direct health effects were given greatest weight when formulating the overall rating. 

EVIDENCE STATEMENT MATRIX 

Please summarise the synthesis of the evidence relating to the key question, taking all the above factors into account.  

Component Rating Description 

1. Evidence-base D 7 level IV studies with a high risk of bias and confounding 

2. Consistency D 

A 

C 

 

Evidence is inconsistent—for health effects 

All studies consistent—for one relevant non-health effect (annoyance) and one health related effect (sleep disturbance/sleep quality) 

Some inconsistency, reflecting genuine uncertainty around question—for one health related effect (quality of life) 

 

3. Population health 

impact 

D 

 

C 

 

Very limited evidence for any health effects and an apparently very weak effect of annoyance, after adjustment for plausible confounding, are consistent 

with slight population health impact 

While associations of wind turbines with poorer sleep and quality of life are uncertain, if real, their impacts on the exposed population would probably be 

moderate 

4. Generalisability D Evidence not directly generalisable to target population and hard to judge whether it is sensible to apply 

5. Applicability C Evidence probably applicable to Australian exposure setting with some caveats 

Evidence statement 

There is no consistent evidence that noise from wind turbines―whether estimated in models or using distance as a proxy―is associated with self-reported 

human health effects. Isolated associations may be due to confounding, bias or chance.  

There is consistent evidence that noise from wind turbines―whether estimated in models or using distance as a proxy―is associated with annoyance, and 

reasonable consistency that it is associated with sleep disturbance and poorer sleep quality and quality of life. However, it is unclear whether the observed 

associations are due to wind turbine noise or plausible confounders. 

 

 

 

 

 

 

 

Evidence rating 

D 
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Parallel evidence 

BQ4. IS THERE BASIC BIOLOGICAL EVIDENCE, OR EVIDENCE FROM RESEARCH INTO OTHER 

CIRCUMSTANCES OF HUMAN EXPOSURE TO NOISE EMISSIONS, THAT MAKE IT 

PLAUSIBLE THAT WIND TURBINES CAUSE ADVERSE HEALTH EFFECTS? 

Audible noise at high levels has been shown to disrupt sleep and cause hearing impairment and 

other health problems. Internationally, the environmental burden of disease due to environmental 

noise has been the focus of extensive study (WHO 2011). A common approach in this research has 

been through quantitative risk assessment34. The working group of the WHO European Centre for 

Environment and Health estimated the annual burden of disease in the European Union due to 

audible noise based on the following endpoints (WHO 2011): 

 cardiovascular disease; 

 cognitive impairment; 

 sleep disturbance; 

 tinnitus; and 

 annoyance35. 
 
The working group noted for each of these endpoints that: 

1. in recent years the evidence from epidemiological studies of association between exposure to 

noise from road traffic and aircraft and ischaemic heart disease and hypertension has 

increased. Road traffic noise has been shown to possibly increase the risk of both these 

diseases, albeit the confidence intervals of pooled effects from meta-analyses did not rule out 

chance effects. Very few studies on the cardiovascular effects of exposure to rail traffic noise 

are available; 

2. the extent to which noise impairs cognition, particularly in children, has been the subject of 

experimental and epidemiological studies;  

3. in epidemiological studies, self-reported sleep disturbance is the most commonly used and 

accessible outcome indicator because the alternative method—electrophysiological 

measurement—is costly, difficult to conduct for large samples, and may be a sleep-influencing 

factor (i.e. a source of bias);  

4. the study of tinnitus36 due to excessive noise has a long history, with 50–90% of patients 

exposed chronically to high noise levels reporting tinnitus. In some people, tinnitus can cause 

sleep disturbance, effects on cognition, communication problems, anxiety, depression, 

psychological distress, frustration, tension, irritability, inability to work, reduced efficiency and 

restricted participation in social activities; and 

                                                      

34
Risk assessment refers to hazard identification, the assessment of population exposure and the determination of 

appropriate exposure–response relationships (WHO 2011). 
35

Annoyance was selected for burden of disease estimation in consideration of the WHO definition of health as ‘a 

state of complete physical, mental and social wellbeing and not merely the absence of disease’ (WHO 1948). 
36

Tinnitus is the conscious perception of sound in the absence of an external source (Elgoyhen & Langguth 2010). 
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5. high levels of annoyance due to environmental noise can be considered as an environmental 

health burden, which can be assessed using standardised questionnaires (WHO 2011). 

The Regional Office for Europe of the WHO has also conducted extensive research into the effects 

of audible environmental noise during the night hours, with an emphasis on sleep and the 

downstream effects of sleep disturbance (WHO 2009). In order to inform guidelines on night noise 

in Europe, the WHO Environment and Health working group selected a number of health-related 

endpoints in order to categorise evidence of association between those endpoints and night noise 

as either ‘sufficient’ or ‘limited’. Definitions for the terminology as applied by the working group 

are provided in Table 29. 

The WHO working group concluded that there is sufficient evidence that night noise is related to 

self-reported sleep disturbance, use of pharmaceuticals, self-reported health problems and 

insomnia-like symptoms. These effects can lead to a considerable burden of disease in the 

population. For other effects including hypertension, myocardial infarction and depression, limited 

evidence was found. Although these studies were few or not conclusive, a biologically plausible 

pathway could be constructed from the evidence. The remaining key conclusions from the working 

group were that (WHO 2009): 

 sleep is a biological necessity and disturbed sleep is associated with a variety of adverse health 

effects; 

 there is sufficient evidence that night noise exposure causes self-reported sleep disturbance, 

increased medicine use, increased body movements and insomnia; 

 while sleep disturbance due to noise is viewed as a health issue in itself (insomnia), it leads to 

downstream consequences for health and wellbeing; 

 there is limited evidence that disturbed sleep from night noise causes fatigue, accidents and 

reduction in performance; and 

 there is limited evidence that noise at night causes changes in hormonal levels and clinical 

conditions such as cardiovascular disease, depression and other mental illness (plausible 

biological model available with sufficient evidence for elements of the causal chain). 

Table 29 Definitions of ‘sufficient’ and ‘limited’ evidence as per the WHO working group 

of the European Centre for Environment and Health 

‘Sufficient’ evidence ‘Limited’ evidence 

A causal relationship has been established 
between exposure to noise and a health effect. 
In studies where coincidence, bias and distortion 
could reasonably be excluded, the relationship 
could be observed. The biological plausibility of 
the noise leading to the health effect is also well 
established. 

A relationship between the noise and the health 
effect has not been observed directly, but there 
is available evidence of good quality supporting 
the causal association. Indirect evidence is often 
abundant, linking noise exposure to an 
intermediate effect of physiological changes 
which lead to the adverse health effects. 

Source: WHO (2009) 
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The health effects of noise within the audible range, especially from road traffic37, have been 

extensively studied. However, extrapolation of these findings to the wind farm context is not 

simple. As distance is highly correlated with estimated SPL (van den Berg et al. 2008) it is not 

expected that substantial audible noise exposures (>45 dB(A)) would be associated with modern 

wind turbines at distances of more than about 280 m, although this might vary by terrain, type of 

wind turbine and wind conditions  (Ellenbogen et al. 2012); see page 68 for further information. 

Sleep disturbance from noise exposure alone is not plausible at noise levels of 30 dB(A) and below, 

and has only modest effects at 30-40 db(A) (WHO 2011).  

ILFN is made up of long waves, while moderate to high frequency noise consists of relatively short 

waves. Noise at high frequency (pitch) attenuates in intensity (loudness) over much shorter 

distances and does not pass easily through doors and windows, unlike ILFN which can more easily 

pass through these obstacles. Hearing becomes gradually less sensitive as frequency decreases, so 

for humans to perceive infrasound and low frequencies, the SPL needs to be high. Indoors, room 

resonances can increase SPLs and lead to variations of SPL inside a room for low frequency noise 

(Persson Waye 2004; Roberts & Roberts 2009). 

ILFNs are, therefore, the exposures of most relevance at the range of distances typically observed 

between residential dwellings and commercial wind turbines (see ‘Noise’ section, page 59). 

The parallel evidence identified for Background Question 4 concerning the effects of ILFN on 

human health is summarised in Table 30. This parallel evidence involved the experimental 

exposure of human subjects to ILFN produced in a laboratory setting. Systematic measurement of 

biological or psychological variables before, during or after the ILFN exposure was undertaken, 

and/or in relation to periods of non-exposure as well as periods of exposure. This evidence was 

used to address the biological plausibility that wind farms could cause adverse health effects. The 

specific limitations of each of the studies are also stated.  

Infrasound and low-frequency noise  

In this section ILFN will be considered to be sound composed mainly or exclusively of frequencies 

below 250 Hz. 

The ILFN exposure produced in the available laboratory studies was frequently greater than 

(usually A-weighted) 80 dB and ranged between 40 and 144 dB. The impact of ILFN on the 

measured outcomes was largely inconsistent and inconclusive (Table 30). Mainly intermediate 

outcomes, including physiological changes such as heart rate, cortisol level, respiratory rate and 

blood pressure, were considered in the available studies (Alford et al. 1966; Danielsson & 

Landstrome 2009; Fuchs, Verzini & Nitardi 1995; Mills et al. 1983; Takigawa, Sakamoto & Murata 

1991; Verzini et al. 1999; Waye et al. 2002, 2003). Health outcomes were not considered. The data 

suggest that low-frequency noise at high SPLs may elicit a temporary threshold shift (TTS) in 

hearing (Alford et al. 1966; Mills et al. 1983) and lead to statistically significant, albeit small and 

                                                      

37
The majority of environmental noise discussed previously in this section was from road traffic (WHO 2011). 
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inconsistent, changes in systolic and diastolic blood pressure, and pulse or heart rate, which are of 

uncertain significance to health. Other outcomes studied included subjectively measured 

endpoints such as anxiety, mood and sleep disturbance. Studies of exposure from non-wind-

turbine sources investigating a plausible relationship between ILFN and health generally did not 

present sufficient data to assess similarities or differences between exposed and non-exposed 

groups of individuals. The studies were of small sample size, and so a reasonably even distribution 

of potential confounders could not be assured in parallel study designs or pre-test/post-test 

designs (4 of 8 studies). Neither of these was an issue for the other four studies because each 

subject in all exposures was their own control. There were not enough studies reporting on exactly 

the same intervention or outcomes to address the ‘replicability’ criterion for causation (modified 

Bradford Hill Guidelines, see Table 5). Finally, there was inconsistency across the studies with 

respect to the influence of infrasound on physiological measures, and so the available evidence 

did not meet the ‘similarity’ criterion. 
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Table 30 Parallel evidence examining the association between infrasound and low-frequency noise (ILFN) and adverse health effects 

Study Design Exposure Outcome Limitations 

Fuchs, Verzini and Nitardi 

(1995) 

Randomised controlled trial 

(RCT) 

n=25 university students 

(aged 18–25 years) randomly 

assigned to 5 groups (four 

‘experimental’ arms 

corresponding to different 

levels of ILFN and one 

‘control’ group).  

To simulate infrasonic noise 

environments, with high 

levels of infrasound, a 

pressure chamber was built 

by the investigators (optimal 

operation range: 10–80 Hz). 

30-minute exposure to ILFN 

conditions: 10 Hz/110 dB, 

20 Hz/97 dB, 40 Hz/89 dB 

and 80 Hz/68 dB followed by 

10 minutes without sound 

stimulus. Levels were fixed at 

approximately 25 dB over 

Vercammen's mean auditory 

thresholds. 

 

Mean hearing thresholds, 

physiological parameters, 

corporal sensations, 

annoyance or degree of 

‘agreeability’ measured. 

Small sample size (particularly 

spread across 5 groups). 

Longer time spent in exposure to 

ILFN (30 minutes) group 

compared with that in the no-

exposure group (10 minutes). 

Results 

ANOVA for repeated measurements on heart rate (dependent variable) and experimental condition (independent variable) 

F-statistic p value 

4.96 0.038 

Note: the F-statistic is for the difference between HR1 (‘first difference of heart rate’) and HR2 (‘second difference of heart rate’); ‘first’ denotes the difference between heart rate registered before 

noise exposure and the last measurement registered during exposure, while ‘second’ denotes the difference between the last measurement registered during exposure and the last measurement 

registered after the 10-minute period without sound stimulus. 

Summary 

There were no statistically significant differences in physiological variables between the groups reported from this study. While heart rate HR1 was statistically 
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Study Design Exposure Outcome Limitations 

significantly higher than HR2, this difference relates to variation in heart rate over time in the experiment, rather than variation between groups. 

Verzini et al. (1999) RCT 
n=22 students (aged 18–
25 years) assessed for 
normal hearing, randomly 
allocated to 3 exposure 
phases (1-week interval 
between phases). 

Phase 1: 15 minutes of quiet 
preceding 30-minute 
exposure to 10 Hz/110 dB 
tone, followed by 15 minutes 
of quiet. 
Phase 2: 15 minutes of quiet 
preceding 30-minute 
exposure to a boiler noise 
(1/3 octave band centred on 
10 Hz, level 105±2 dB 
followed by 15 minutes of 
quiet. 
Phase 3: control phase—
60 minutes without sound 
stimulus exposure. 

Physiological endpoints: 
heart and respiratory rates, 
peripheral temperature and 
galvanic skin exposure. 
Subjective assessment of 
responses (see ‘Results’ for 
further details). 

Only significant results concerned 
the subjective mood-based 
measures, not the objective 
physiological endpoints.  
Subjective outcomes are more 
prone to bias if an individual is 
not masked to study intent and 
has strong prior beliefs. 
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Study Design Exposure Outcome Limitations 

Results 

No statistically significant differences in the physiological parameters were observed. 

 

ANOVA for subjective assessments with experimental condition as the grouping factor and subjective responses as dependent variables 

Scales F-statistic p value 

Agreeable/disagreeable 25.45 p≤0.001 

Beneficial/harmful 41.02 p≤0.001 

Pleasant/unpleasant 8.56 p≤0.001 

Acceptable/unacceptable 6.02 p≤0.005 

Strong/weak 3.42 p≤0.043 

Shrill/soft 5.44 p≤0.008 

Arousing/drowsy 10.49 p≤0.001 

Exciting/calm 9.41 p≤0.001 

Soothing/startling 21.03 p≤0.001 

Concentrating/distracting 22.35 p≤0.001 

Harmonious/non-harmonious 20.87 p≤0.001 

Summary 

There were no statistically significant differences among the exposure conditions for any of the physiological variables measured (means or other summary 

parameters were not reported for the physiological experiments). However, each exposure condition was statistically significantly associated with each subjective 

response; these subjective assessments were, in each case, more adverse under each noise exposure condition than under the control condition. 
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Study Design Exposure Outcome Limitations 

Takigawa, Sakamoto and 

Murata (1991) 

Cross-over RCT to study 

impact of infrasound on: eye 

movement (n=25 healthy 

males, aged 22–24 years); 

body sway (n=34 healthy 

males, aged 21–24 years); 

pulse-wave (n=9 healthy 

males and females aged 25–

55 years). 

The subjects were exposed 

to two kinds of sound: wide 

octave band noise 

(frequency range: 100–

10,000 Hz); narrow band 

infrasound (frequency range: 

3–7 Hz).  

Noise intensity was 95 dB(A) 

and 70 dB(A), while the SPL 

of the infrasound was 95 dB.  

Order of exposure to the 

different kinds of sound was 

randomly assigned. 

(1) Amplitude of involuntary 

eye movement (subject’s 

eyes first open and then 

closed for 45 seconds). 

(2) Body sway was measured 

as movement from the 

centre of gravity of a subject 

in a standing position by 

using the regular triangle 

platform method. 

(3) Pulse-wave recording 

was made continuously 

under pre-exposure 

conditions for 1 minute, 

during exposure to either of 

the sounds for 3 minutes, 

and finally under post-

exposure conditions for 

1 minute. 

The applicability of these findings, 

from an acute exposure setting to 

the chronic exposure setting, 

where acclimatisation might be 

expected (as in wind farm 

setting), is unknown. 

 

Results 

With the exception of p values, all data were presented graphically and cannot be reproduced in this table. A narrative summary is provided below. 

Summary 

Eye movement: Eyes open—no significant differences in the amount of total amplitude observed between pre-exposure and the other exposure conditions. Eyes 

closed—the amount of total amplitude was higher in the infrasound exposure phase compared with the pre-exposure phase (p<0.025), and not significantly 

different between the noise exposure and the pre-exposure phase. 

Body sway: No statistically significant differences between exposure and pre-exposure periods for wide octave band noise. Significant reduction in body sway 
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Study Design Exposure Outcome Limitations 

(less than 1% difference) in high frequency band of infrasound between pre-exposure and exposure conditions (p<0.05). 

Pulse wave: Pulse wave height was statistically significantly reduced upon either exposure compared with pre-exposure (p<0.01). 

The authors suggested that observed effects from infrasound resulted from an impact on the vestibular reflex. Wide octave band noise had no observed effect on 

eye movement and body sway, although the pulse-wave was changed by exposure. 

Waye et al. (2003) Cross-over design 

Twelve male subjects slept 

for 5 consecutive nights in a 

noise-sleep laboratory.  

After one night of 

acclimatisation and one 

reference night, subjects 

were exposed to either 

traffic noise (TN) or low-

frequency noise (LFN) on 

alternate nights. Exposure 

order was randomised. 

TN (35 dB LAeq, 50 dB LAmax) 

or LFN (40 dB LAeq).  

LFN = frequency range of 

31.5–125 Hz. 

 Third octave band at 50 Hz 

was amplitude modulated 

with modulation frequency 

of 2 Hz. 

Salivary-free cortisol 

concentration. Subjects also 

completed questionnaires on 

mood and sleep quality. 

The authors stated that the study 

was hypothesis-generating.  

The exposure conditions were 

developed to resemble normal 

sleeping.  

Exposure represents acute 

exposure (after one night of 

acclimatisation) and may not be 

applicable to the wind turbine 

setting.  

There could have been previous 

exposure and adaptation to TN 

exposure, whereas the reaction to 

LFN might have been an alarm 

reaction. 

Results 

Median values of subjective sleep evaluations 

 Reference night TN LFN 

Response variablea 

Recalled time to fall asleep (min) 20 35 39b 

Morning feelings 

Exhibit A4-2c

Page 114 of 296
 

014253



 

115 

 

Study Design Exposure Outcome Limitations 

 Tense 3.0 4.3 4.0 

 Irritated 2.8 4.6b 4.2 

Afternoon feelings 

 Tense 3.1 4.0 2.6 

 Irritated 2.4 2.5 2.4 

Evening feelings 

 Tense 3.2 1.8 2.4 

 Irritated 1.9 1.6 2.4 
a 

Subjective variables ‘tense’ and ‘irritated’ rated on a 0–10 scale with 10 indicating the highest degree of tension/irritability. 
b 

p<0.05 P value for comparison with reference  night 

 

Pearson’s correlation coefficients (r) between subjective response and cortisol levels at 30 and 45 minutes 

 Cortisol level at 30 minutes Cortisol level at 45 minutes 

 TN LFN TN LFN 

 r p value r p value r p value r p value 

Response variable: 

Sleep quality –0.66 <0.05 –0.34 >0.10 –0.55 0.06 –0.31 >0.10 

Morning 

 Tiredness –0.53 0.08 –0.33 >0.10 –0.40 >0.10 –0.56 0.06 

 Irritation –0.21 >0.10 –0.44 >0.10 –0.05 >0.10 –0.50 0.09 

 Activity –0.23 >0.10 0.60 <0.05 –0.20 >0.10 0.56 0.06 

 Pleasantness 0.04 >0.10 0.59 <0.05 0.14 >0.10 0.51 0.09 

Summary 

Awakening cortisol response on the reference nights showed a normal cortisol pattern (as indicated by the graphical analysis not shown here). Subjects reported 

that they took longer to fall asleep during exposure to LFN than on reference night. The awakening cortisol response following exposure to LFN was attenuated at 
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Study Design Exposure Outcome Limitations 

30 minutes after awakening. Lower cortisol levels after awakening were associated with subjective reports of lower sleep quality and mood. Most notably, levels 

of cortisol had not peaked by 30 minutes post awakening after exposure to low-frequency noise, and these attenuated levels of cortisol were related to tiredness 

and negative mood. Exposure to traffic noise was observed to induce ‘irritation’. Cortisol levels 30 minutes after awakening were related to sleep quality after 

exposure to traffic noise. 

Waye et al. (2002) Cross-over study assessing 

impact of LFN on cortisol in 

32 participants.  

Each participant took part in 

two test sessions, on 

separate days and always in 

the afternoon.   

Total average exposure time 

was 2 hours and 10 minutes. 

Proportion of subjects 

starting (non-randomised) 

with each of the two noise 

conditions was similar, 18/14 

for LFN condition and 20/12 

for the reference noise 

condition. 

Two noises were used: 

reference noise (recorded 

from a ventilation 

installation, flat frequency); 

LFN (frequency range of 

31.5–125 Hz) plus the 

ventilation noise, using a 

digitised sound processor 

system. 

Subjective stress and 

annoyance; any resultant 

increase in cortisol secretion; 

influence of noise sensitivity 

on cortisol response. 

Applicability: study set out to 

replicate office working 

conditions and the noises emitted 

from air-conditioning or 

ventilation systems. 

A 2-hour office work task 

performed in the afternoon may 

not produce the same effects as 

continuous exposure to LFN from 

wind turbines.  
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Study Design Exposure Outcome Limitations 

Results 

ANOVA for a 3-way interaction between salivary cortisol concentration, noise condition and sensitivity category 

F-statistic p value 

3.736a 0.06a 
a 

The authors reported these data for ‘the interaction between noise condition, time period and sensitivity’. Professor Persson Waye clarified, upon being contacted, that ‘time period’ related to 

‘cortisol concentration over time’. 

Summary 

Higher cortisol levels (six saliva samples during the 2-hour exposure) were observed among the group with high sensitivity to noise under exposure to LFN 

(p=0.06). This difference could be due to chance. 

 

Danielsson and Landstrome 

(2009) 

Randomised cross-over trial 

assessing impact of acute 

infrasound on blood 

pressure, pulse rate and 

serum cortisol levels in 20 

healthy male volunteers. 

Varying sound frequencies 

(6, 12, 16 Hz) and pressure 

levels (95, 110, 125 dB(lin)) 

were tested. 

Diastolic and systolic blood 

pressure; pulse rate; serum 

cortisol. 

Process of randomisation not 

adequately described.  

Applicability of findings from a 

controlled experimental condition 

to wind turbine setting uncertain. 

Results 

Blood pressure (mmHg) and heart rate (beats/minute) during exposure to 125 dB infrasound at different frequencies and adjacent silent control periods, mean ± 

SE 

 Frequency (Hz) 

 6 12 16 

Diastolic blood pressure 

 Test 66.2±2.2 65.8±2.2 67.3±1.9 

 Control 65.9±1.9 66.4±2.1 66.3±2.3 

 Difference 0.3 (p<0.05) –0.6 (NS) 1.0 (p=0.05) 
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Study Design Exposure Outcome Limitations 

Systolic blood pressure 

 Test 118.3±1.6 118.9±1.8 117.4±1.6 

 Control 119.2±1.7 119.0±1.6 119.5±1.7 

 Difference –0.9 (NS) –0.1 (p=0.05) 2.1 (p<0.01) 

Pulse rate 

 Test 59.1±1.6 59.3±1.9 59.2±1.8 

 Control 61.1±1.8 60.9±2.0 61.0±1.9 

 Difference –2.0 (p<0.01) –1.6 (p<0.01) –1.8 (p<0.01) 

 

Blood pressure (mmHg) and heart rate (beats/min) during exposure to 16 Hz infrasound at different pressure levels and adjacent silent control periods, mean ± SE 

 Exposure (dB) 

 95 110 125 

Diastolic blood pressure 

 Test 71.8±1.5 70.8±1.5 71.3±1.5 

 Control 70.4±1.5 70.8±1.5 71.8±1.5 

 Difference 1.4 (p<0.05) 0.0 (NS) –0.5 (NS) 

Systolic blood pressure 

 Test 123±1.8 121.4±1.5 122.8±1.6 

 Control 122.8±1.8 121.6±1.6 122.4±1.7 

 Difference –0.5 (NS) –0.2 (NS) 0.4 (NS) 

Pulse rate 

 Test 60.5±2.5 60.0±2.3 60.9±2.4 

 Control 61.1±2.4 61.2±2.4 60.8±2.3 

 Difference –0.6 (NS) –1.2 (p<0.01) 0.1 (NS) 
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Study Design Exposure Outcome Limitations 

Summary 

The data suggest statistically significant, albeit very small and inconsistent, changes in systolic and diastolic blood pressure and pulse rate. The authors note that 

acute infrasonic stimulation induces a peripheral vasoconstriction with increased blood pressure. There was no statistically significant change in serum cortisol 

levels (no data provided by authors). 

Alford et al. (1966) Pre-post test design 

assessing impact of 

laboratory-induced LFN on 

extra-auditory function in 21 

subjects.  

 

3 minutes of repeated 

exposure to 119–144 dB / 2–

12 Hz. 

Temporary threshold shift 

(TTS)a; breathing rate; 

nystagmus; vertigo; reaction 

performance time. 
a Exposure to impulse and 

continuous noise may cause 

only a temporary hearing 

loss. If a person regains 

hearing, the temporary 

hearing loss is called a 

temporary threshold shift. 

The number of subjects was 

small. 

5 subjects in the case series had 

some form of hearing loss.  

There was no control group. 

Results 

The data showed TTS from 10 dB to 22 dB in 11 of 21 subjects after 3 minutes of repeated exposure to 119–144 dB / 2–12 Hz. The TTS was observed in the 

frequency range 3–8 kHz. There was a slight increase in breathing rate (4 breaths/minute). There were no effects of LFN on nystagmus, vertigo (vestibular 

effects), reaction performance time and heart rate. None of the subjects reported respiratory distress, palpitations or abdominal cramps. All subjects reported 

experiencing some pressure in their ears but only one reported tinnitus. No discomfort was experienced with regard to bodily vibration, disorientation, mental 

confusion, sensory decrement or post-exposure fatigue. 

Mills et al. (1983) Pre-post test design 

examining impact of LFN on 

TTS in 52 subjects. 

 

Subjects were exposed for 8 

hours (SPL=90 dB(A)) or 

24 hours (SPL=84 dB(A))  to 

an octave‐band noise 

centred at 63, 125 or 250 Hz. 

TTS There are inadequate data 

presented in the paper to assess 

the validity of this study. 
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Study Design Exposure Outcome Limitations 

Results 

Only an abstract was available. 

Summary 

TTSs of different degrees were observed depending on the frequency of the noise (octave-band noise, centred at 63, 125 or 250 Hz). After 24 hours of exposure 

to 84 dB(A), TTS from 7 dB to 15 dB in the frequency range 300–500 Hz was observed. An 8-hour-exposure to 90 dB(A) caused TTS from 12 dB to 17 dB in the 

frequency range 25–700 Hz. Although TTS was less than 20 dB, complete recovery for many of the subjects required as long as 48 hours. 

Abbreviations: RCT = randomised controlled trial; ILFN = infrasound and low-frequency noise; SPL = sound pressure level; TN = traffic noise; TTS = temporary threshold shift; 
ANOVA = analysis of variance; SE = standard error; dB = decibels; dB(A) = A-weighted sound pressure level (decibels); dB(lin) = unweighted sound pressure level (decibels); NS = not 
(statistically) significant 
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SUMMARY: MECHANISTIC AND PARALLEL EVIDENCE ON NOISE 

 

BQ1. What are wind turbines and wind farms? 

A wind turbine uses wind to produce electricity. There are two main types of wind turbine: 

the horizontal axis wind turbine (HAWT) and the vertical axis wind turbine (VAWT). HAWTs 

are more common because they are considered to be more efficient (Ali et al. 2011). 

A group of wind turbines is known as a wind farm. A large wind farm may consist of several 

hundred individual wind turbines, cover a large geographical area and be located offshore or 

on land.  

 

BQ2. By what specific physical emissions might wind turbines cause adverse health 

effects? (Noise) 

Noise is defined as an unwanted sound or an unwanted combination of sounds. Sound is 

perceived and recognised by its loudness (sound pressure level, SPL) and pitch (frequency). 

The general range for human hearing for young adults is between 20 Hz and 20 kHz, with a 

declining upper limit with ageing (Berglund, Hassmen & Job 1996). Low-frequency sound 

definitions vary and can range from 20 Hz up to 100 Hz - 250 Hz. Sound <20 Hz is generally 

termed infrasound and is considered inaudible in normal environments. However, 

frequencies well below 20 Hz can be audible if the amplitude of the SPL is high enough. 

Aerodynamic noise is the major component of noise from modern wind turbines (Pedersen 

& Persson Waye 2004, 2007; van den Berg 2004). A key source of aerodynamic sound from 

modern wind turbines is the trailing edge noise that originates from air flow around the 

components of the wind turbine (blades and tower), producing a ‘whooshing’ sound in the 

500–1000 Hz range (Hau 2008; Roberts & Roberts 2009). This is often described as amplitude 

(or aerodynamic) modulation, meaning that the sound can vary due to atmospheric effects 

and directional propagation effects (van den Berg 2004).   
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SUMMARY  (Cont.) 

 

BQ3. For each such emission, what is the level of exposure from a wind turbine and how 

does it vary by distance and characteristics of the terrain separating a wind turbine from 

potentially exposed people? 

Numerous factors (e.g. meteorological conditions, wind turbine spacing, wake and 

turbulence effects, vortex effects, turbine synchronicity, tower height, blade length and 

power settings) can contribute to the wind turbine sound that is heard or perceived at 

residences. However, consistent with the inverse distance law, most wind turbine sound will 

dissipate as distance from the source increases.  

Noise at high frequency lessens in intensity (loudness as measured by SPL) over much 

shorter distances than noise at lower frequency. It does not pass easily through doors and 

windows—unlike lower frequencies which can more easily pass through these obstacles. 

ILFN is, therefore, the exposure of most relevance at the range of distances typically 

observed between residential dwellings and commercial wind turbines. Hearing becomes 

gradually less sensitive as frequency decreases, so for humans to perceive ILFN, the SPL 

needs to be high.  

Deriving a specific SPL from wind turbines in the presence of background noise is difficult. 

The 2013 South Australian EPA study (Evans, Cooper & Lenchine 2013) measured infrasound 

at urban and rural locations and compared these with measurements taken at residences 

near two wind farms. Levels of background noise at residences near the wind farms were 

also measured during organised turbine shutdowns. It was concluded that the level of 

infrasound at locations near wind farms was no greater than that experienced in other urban 

and rural environments. Further, the contribution of wind turbines to the measured 

infrasound levels taken at residences at a distance of approximately 1.5 km was insignificant 

in comparison with the background level of infrasound in the environment. 
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SUMMARY  (Cont.) 

 

BQ4. Is there basic biological evidence, or evidence from research into other 

circumstances of human exposure to physical emissions that wind turbines produce, that 

make it plausible that wind turbines cause adverse health effects? 

The health effects of noise within the audible range, particularly from road traffic, are well 

known. However, extrapolation of these findings to the wind farm context is not simple. 

Given that distance is highly correlated with estimated SPL, it is not expected that substantial 

audible noise exposures (>45 dB(A)) would be associated with modern wind turbines at 

distances of more than about 280 m (Ellenbogen et al. 2012), although this might vary by 

terrain, type of wind turbine and wind conditions. Sleep disturbance from noise exposure 

alone is not plausible at noise levels of 30 dB(A) and below, and has only modest effects at 

40 db(A) and below (WHO 2011).  

ILFN produced in the laboratory setting―with SPL typically greater than 80 dB but ranging 

between 40 and 144 dB in the available studies―appeared to have inconsistent and 

inconclusive physiological effects. Outcomes that were considered in these laboratory 

studies included changes in heart rate, cortisol level, respiratory rate and blood pressure. 

The data suggest that low-frequency noise at high SPLs may elicit a temporary threshold shift 

in hearing (Alford et al. 1966; Mills et al. 1983) and may lead to statistically significant, albeit 

very small and inconsistent, changes in systolic and diastolic blood pressure, and pulse or 

heart rate. Health outcomes were not studied. There were too few studies reporting on 

exactly the same intervention or outcomes to determine if the results were replicable, and 

where studies were similarly designed there were inconsistent findings with respect to 

whether or not ILFN influenced physiological measures. 
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SHADOW FLICKER 

BQ2. BY WHAT SPECIFIC PHYSICAL EMISSIONS MIGHT WIND TURBINES CAUSE ADVERSE 

HEALTH EFFECTS? 

Predicting the extent of shadow flicker from a wind turbine  

Exposure to flicker from a turbine is determined by the hub height, blade diameter, height of the 

sun and blade direction relative to the observer, and these variables are affected by the time of 

day, time of year, wind direction and geographical location (Harding, Harding & Wilkins 2008; 

Verkuijlen & Westra 1984). 

Ellenbogen et al. (2012) present a detailed discussion of how to estimate the maximum distance 

from a wind turbine that a shadow flicker will extend to. Briefly, this can be estimated using the 

following formula:  

X shadow, max = (H+R–hview)/tan(αs)  

where H is the turbine height, R is the rotor radius, hview is the height of the viewing point 

and αs is the altitude of the sun. 

Ellenbogen et al. (2012) report that ‘safe distances to reduce shadow flicker’ would depend on the 

specific nature of the project and the presence of residences or roadways and geographic layout. 

Forestry and existing shadows would diminish the nuisance from turbine-produced shadow flicker, 

whereas open-land areas (such as farmland) are more susceptible to flicker-induced annoyance. 

Generally, a shadow flicker ‘risk zone’ would incorporate an impact area that is 10-fold the turbine 

rotor diameter38. Only certain areas of the impact would be exposed to shadow flicker for a 

significant amount of time. The NEWEEP Webinar39 gives a detailed discussion of the 

methodologies involved in forecasting time, place and extent of shadow flicker; the potential 

impact on residences in proximity to the shadow flicker; and proposed mitigation and 

management practices. 

BQ3. WHAT IS THE LEVEL OF FLICKER EXPOSURE FROM A WIND TURBINE AND HOW DOES 

IT VARY BY DISTANCE AND CHARACTERISTICS OF THE TERRAIN SEPARATING THE 

WIND TURBINE FROM POTENTIALLY EXPOSED PEOPLE? 

The timing, intensity and location of shadow flicker are influenced by turbine size and shape, 

landscape features, latitude, weather and wind farm layout. Reviews by Harding, Harding and 

Wilkins (2008), Verkuijlen et al. (1984) and Rideout, Copes and Bos (2010) provide guidance on the 

design of wind farms in order to reduce the risk of flicker-induced seizure, as summarised below: 

 Shadow flicker wind turbines should only be installed if flicker frequency is maintained below 

2.5 Hz, under all conditions. Turbine blades should be programmed to stop when blade rotation 

                                                      

38
 Thus the risk zone for a 90-m rotor diameter would be equivalent to a 900-m impact area. 

39
 <http://www.windpoweringamerica.gov/filter_detail.asp?itemid=2967> 
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exceeds 3 Hz (60 rpm for a three-blade turbine). Most industrial turbines operate between 30 

and 60 rpm. 

 The layout of wind farms should ensure that shadows cast by one turbine upon another should 

not be readily visible to the general public. The shadows should not fall upon the windows of 

nearby buildings. The reflection from turbine blades should be minimised. 

 Wind farms should be placed at a distance sufficient to reduce contrast; that is the degree of 

sunlight occlusion by turbine blades. According to Harding, Harding and Wilkins (2008), 

assuming that contrasts of less than 10% occur when the width of the turbine blade subtends at 

the eye an angle that is 10% of the sun’s diameter (0.05 degrees), it is possible to set a limit for 

the distance at which shadow flicker is likely to be seizure provoking. For a turbine blade that is 

1 m in diameter, this distance is 1.14 km (Harding, Harding & Wilkins 2008). 

 The resulting flicker frequency, from a combination of blades when several turbines are aligned 

with the sun’s shadow, could be higher than that from a single turbine. If the blades of a 

turbine are reflective, there is the possibility of flicker from reflected light at viewing positions 

that are unaffected by shadows. 

Frequency thresholds and seizure risk from shadow flicker or blade glint 

The Institute of Electrical and Electronics Engineers suggest that the health effects of flicker can be 

categorised into those that are immediate (effects resulting from a few seconds’ exposure, such as 

epileptic seizures) and those that take time to develop (effects resulting from long-term exposure 

such as malaise, headaches and impaired visual performance). Epileptic seizures are associated 

with visible flicker, typically within the range 3–70 Hz, while human biologic effects due to invisible 

flicker (that which is not consciously perceivable by a human viewer) occur at frequencies above 

those at which flicker is visible but at <165 Hz (Wilkins, Veitch & Lehman 2010). Seizures induced 

by visual or photic stimuli are usually observed in individuals with certain types of epilepsy, 

particularly generalised epilepsy (Guerrini & Genton 2004). Approximately 3% of people with 

epilepsy are photosensitive (Rideout, Copes and Bos 2010). 

In normal human physiology, millions of tiny electrical charges are relayed from nerve cells in the 

brain to all parts of the body. However, in patients with epilepsy there is a sudden and unusual 

interruption of this conduction process by intense bursts of electrical energy. This can temporarily 

affect a person's consciousness, bodily movements and sensation (NINDS 2012). Approximately 1 

in 4000 individuals has photosensitive epilepsy. It is typically five times more common around 

puberty (age range 7–20 years) than in the general population. Photosensitive epilepsy can be 

induced by ‘repetitive flashing lights’ and ‘static repetitive geometric patterns’, with the flicker 

inducing transient abnormal synchronised activity of brain cells, affecting consciousness, bodily 

movements or sensation. However, the likelihood of a seizure depends on the location of 

stimulation within the visual field. Stimulation of central vision poses a higher risk of a seizure 

compared with stimulation of the visual periphery, although the latter may be more distinctive 

(Wilkins, Veitch & Lehman 2010). 
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The Wisconsin Wind Siting Council notes that there is some evidence that the interruption of 

sunlight by helicopter blades has caused seizures, and that there have been two unconfirmed 

reports of seizures due to shadow flicker (McFadden 2010). 

Aspects of flicker that pose a seizure risk include:  

 flash frequency in a frequency range 3–70 Hz (Harding, Harding & Wilkins 2008; Verkuijlen & 

Westra 1984; Wilkins, Veitch & Lehman 2010), with the greatest likelihood of seizures occurring 

at the frequency range 15–20 Hz  

 brightness—stimulation in the scotopic or low mesopic range (<1 candela or cd/m2) has a low 

risk, while there is a monotonic increase in risk with log luminance in the high mesopic and 

photopic range 

 contrast with background lighting, such as the sun—contrasts above 10% are considered a 

potential risk (Harding, Harding & Wilkins 2008). 

The risk of seizures from wind turbines in individuals with a risk of photosensitive epilepsy can be 

determined by modelling the light–dark contrasts of turbine shadows for worst case conditions, 

that is, a completely cloud-free atmosphere, with blade rotation in the vertical plane and on a line 

between the observer and the sun, directly facing the observer (Smedley, Webb & Wilkins 2009). 

The authors conclude that there is no evidence of epileptogenic risk to observers looking towards 

the horizon except when standing closer than 1.2 times the total turbine height on land (or closer 

than 2.8 times the total turbine height for marine environments). In addition, given the tendency 

of photosensitive individuals is to stare away from the sun (except when in a shadow zone), for an 

observer viewing the ground, the contrast is almost always insufficient to be epileptogenic. Finally, 

the authors suggest that large turbines are unlikely to rotate fast enough to induce seizures (<3 Hz, 

the lower frequency threshold at which seizures are a potential risk). The rotation frequency 

increases inversely with the blade length; thus, smaller micro-generation turbines are more likely 

to induce seizures if the intensity and stimulus conditions are met.  

The Environment Protection and Heritage Council of Australia (EPHC; 2010) notes that the risk of 

seizures from modern wind turbines is negligible, given that less than 0.5% of the population are 

subject to epilepsy at any point in time and, of this proportion, 5% are vulnerable to strobe lighting 

(light flashes). In the majority of circumstances (>95% of the time), the frequency threshold for 

individuals susceptible to strobe lighting is >8 Hz, with the remainder affected by frequencies 

>2.5 Hz. The EPHC estimates that the probability of conventional horizontal-axis wind turbines 

causing an epileptic seizure for an individual experiencing shadow flicker is <1 in 10 million in the 

general population. They further indicate that blades from modern wind turbines are now treated 

with low-reflective coating that prevents glint from the blade surface, and thus the risk of blade 

glint is considered very low. 

Harding, Harding and Wilkins (2008) and Verkuijlen et al. (1984) report that the shadow flicker 

frequencies of modern conventional horizontal-axis wind turbines are ≤1 Hz. Ellenbogen et al. 

(2012) support this view, indicating that shadow flicker emitted from wind turbines is usually in 

the range 0.3–1.0 Hz, which is well below the frequencies associated with seizure risk. The authors 

also note that frequency of shadow flicker emitted from wind turbines is proportional to the 
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rotational speed of the rotor multiplied by the number of blades; for large wind turbines these are 

typically in the range 0.5–1.1 Hz. Harding, Harding and Wilkins (2008) report that the cumulative 

risk of inducing a seizure at ≤3 Hz is approximately 1.7 per 100,000 in a photosensitive population 

(1.7 per 400 million persons in general). 

McFadden et al. (2010) propose that shadow flicker is primarily an issue of annoyance at typical 

wind turbine frequencies (0.6–1.0 Hz). This is supported by Rideout, Copes and Bos (2010), who 

note that there is evidence that annoyance was more closely associated with whether shadow 

flicker occurred when people were at home, rather than with the duration of the exposure. 

 

Systematic literature review 

SQ4. IS THERE ANY RELIABLE EVIDENCE OF AN ASSOCIATION BETWEEN SHADOW FLICKER 

(PHOTOSENSITIVITY GREATER THAN 3 HZ) FROM WIND TURBINES AND ADVERSE 

HEALTH EFFECTS?  

No studies reported on the health effects of shadow flicker from wind turbines. One Australian 

cross-sectional study with poor reporting provided information on the rates of annoyance from 

flickering in homes within 5 km and 10 km from Waterloo wind farm (Morris 2012). A summary of 

the study characteristics is in Table 31.  
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Table 31 Profile of one study assessing shadow flicker 

Study Design/ 

Sample 

Exposure Outcome 

measure 

Other factors that may influence 

results 

Morris 

(2012) 

 

Mt Lofty 

Ranges, 

Australia 

Cross-

sectional 

anonymous 

self-

reporting 

survey. 

 

n=93 

households 

 

Non-

standardised 

survey 

developed by 

the authors. 

 

Intent of 

survey not 

masked from 

participants. 

 

Households 

within 10 km of 

Waterloo Wind 

Farm, North 

Mount Lofty 

Ranges, South 

Australia. 

 

Subgroups 

within 0–5 km 

and 5–10 km. 

 

Anyone in the 

household 

annoyed by 

flickering 

Confounders 

Unclear as very little information was 

reported on participant or household 

characteristics or pre-existing health 

conditions. 

 

Bias 

Sample selection bias cannot be 

excluded as the response rate was 

only 40% of households surveyed (0–

10 km; 55% for 0–5 km). No masking 

of study intent may have resulted in 

recall bias. Differential participation 

rates by distance (selection bias). 

 

Chance 

No formal statistical tests of 

association were conducted. 

 

Sufficient information was provided in the paper to calculate the odds of annoyance in 

respondents living within 5 km, and those living between 5 and 10 km, from the nearest wind 

turbine. Those living within 5 km of a wind turbine had over five times the odds of being annoyed 

by shadow flickering in their home than those who lived between 5 and 10 km away. Respondents 

claimed that flicker was annoying, distracting, and caused headaches and blurred vision (Table 32).  

No adjustments were (or could have been) made to the results for differences between distance 

categories for age, gender, financial benefit from wind turbines, attitudes towards wind turbines 

in general or attitudes towards the visual impact of wind turbines on the landscape. It is therefore 

unknown whether any of these possibly confounding factors could have influenced the results. 

Selection bias could easily have affected the results since only 55% of those living within 5 km, and 

34% of those living between 5 and 10 km responded to the survey and study intent was not 

masked.  
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Table 32 Association between distance from wind turbine and annoyance at shadow flicker  

Study Outcome measure Distance from nearest industrial wind 

turbine  

OR (95%CI) 

0–5 km (n=41) 5–10 km (n=52) 

Morris (2012) 

Australia 

Annoyance at flicker 

in home 

7/41 (17.1%) 2/52 (3.8%) 5.14  

(1.01, 26.29) 

Bolded values indicate statistically significant differences.  
Abbreviations: OR = odds ratio; CI = confidence interval 
 
 

 

SUMMARY: DIRECT EVIDENCE ON SHADOW FLICKER 

 

SQ4. Is there any reliable evidence of an association between shadow flicker from wind 

turbines and adverse health effects?  

One small Australian study found that shadow flicker was more likely to annoy a household 

member with increasing proximity of a household to a wind farm. Bias and confounding 

cannot be excluded as possible explanations for this finding. 

 

An assessment of the body evidence addressing this question is given in Box 4. 
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Box 4 Evidence statement matrix for shadow flicker 

Key question: 

Is there any reliable evidence of an association between shadow flicker from wind turbines and adverse health effects? If so: 

A. How strong is this association? 

B. How does the strength of this association relate to distance from wind turbines? [Systematic Review question on distance has been merged here] 

C. Might this association be explained by: 

i. chance? 

ii. bias? or 

iii. confounding? 

Morris (2012) 

1. Evidence-base (Number of studies, level of evidence, and risk of bias and confounding in the included studies) 

1 level IV study (cross-sectional study) at high risk of bias and confounding A One or more level I studies with a low risk of bias or several level II studies with a low risk of 

bias and confounding 

B One or two level II studies with a low risk of bias or SR/several level III studies with a low risk of 

bias and confounding 

C One or two level III studies with a low risk of bias or level I or II studies with a moderate risk of 

bias and confounding 

D Level IV studies or level I to III studies/SRs with a high risk of bias and confounding 

2. Consistency (If only one study was available, rank this component as ‘not applicable’) 
Only one study A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

NA Not applicable (one study only)  

3. Population health impact (Indicate in the blank space below if the study results varied according to some unknown factor (not simply study quality or sample size) and thus the population 

health impact of the exposure could not be determined; or whether the impact could not be determined because the studies were underpowered and could not be meta-analysed. Otherwise, 

provide justification for your selection of the A–D rating, i.e. the size of the effect and precision of the estimate of adverse health effects) 

One small Australian study reported found that shadow flicker was more likely to annoy a 

household member with increasing proximity of a household to a wind farm (17.1% at 0-5km 

and 3.8% at 5-10km). While bias and confounding could explain this finding, if true, shadow 

A Very large 

B Substantial 
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flicker would have a moderate impact on annoyance in the exposed population. Annoyance, 

though, is not a health effect 
C Moderate— for other relevant non-health effect (annoyance) 

D Unknown—for health effects 

4. Generalisability (How well does the body of evidence match the population being targeted by the NHMRC advice?) 
The generalisability of the study is limited, given the poor response rates. No sample 

characteristics provided. 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be sensibly applied 

D Evidence not directly generalisable to target population and hard to judge whether it is sensible 

to apply 

5. Applicability (Is the body of evidence relevant to the Australian setting for the exposure?) 
The study was based in Australia. A Evidence directly applicable to Australian exposure setting 

B Evidence applicable to Australian healthcare exposure setting with few caveats 

C Evidence probably applicable to Australian exposure setting with some caveats 

D Evidence not applicable to Australian exposure setting 

Other factors (Indicate here any other factors that you took into account when assessing the evidence-base (e.g. issues that might cause the group to downgrade or upgrade the 

recommendation, such as the biological plausibility evidence presented in Background Question 4) 

The information addressing Background Questions 3 and 4 (see relevant sections of the report) was not sufficiently persuasive to result in an upgrade of the evidence rating obtained from the 

direct evidence. A mechanism of action for shadow flicker to cause adverse health effects was identified (in individuals with photosensitive epilepsy–a very rare condition in the general population) 

but it was unclear whether the shadow flicker produced by wind turbines would produce seizures. The shadow flicker investigated in laboratory circumstances was of a different type than that 

produced by wind turbines.   

The quality of the evidence-base and lack of any evidence relating to direct health effects was given greatest weight when formulating the overall rating. 

EVIDENCE STATEMENT MATRIX 

Please summarise the synthesis of the evidence relating to the key question, taking all the above factors into account.  

Component Rating Description 

1. Evidence-base D One cross-sectional study with high risk of bias 

2. Consistency NA NA (one study only) 
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3. Population health impact D 

/ 

C 

Unknown—for health effects 

 

Moderate— for other relevant non-health effect (annoyance) 

4. Generalisability C Evidence not directly generalisable to the target population but could be sensibly applied 

5. Applicability A Evidence directly applicable to Australian exposure setting 

Evidence statement 

No studies reliably assessed whether shadow flicker is associated with health outcomes. One small Australian study of at high risk of bias and confounding 

reported that shadow flicker was more likely to annoy a household member with increasing proximity of households to a wind farm.  

 

Evidence rating 

D 
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Parallel evidence 

BQ4. IS THERE BASIC BIOLOGICAL EVIDENCE, OR EVIDENCE FROM RESEARCH INTO OTHER 

CIRCUMSTANCES OF HUMAN EXPOSURE TO FLICKER, THAT MAKE IT PLAUSIBLE THAT 

WIND TURBINES CAUSE ADVERSE HEALTH EFFECTS? 

The parallel evidence identified for Background Question 4 concerning the effects of shadow 

flicker on human health is summarised in Table 33. This evidence was used to address the 

biological plausibility that wind farms could cause adverse health effects. The specific limitations 

of each of the studies are also provided. 

One small RCT (Pohl, Faul & Mausfeld 1999) and a small prospective cohort study (Shirakawa et al. 

2001) recruited subjects to participate in experimental conditions simulating flicker. Pohl and 

colleagues considered a range of stress-related outcomes but found no differences between the 

exposed group (60 minutes of simulated shadow flicker) and the control group (conditions under 

the same lighting but without flicker). The applicability of this study in the context of wind farms is 

uncertain as the frequencies used in the flicker experiments were not stated. Shirakawa et al. 

reported on photoparoxysmal response to a range of frequencies relevant to flicker from wind 

turbines (>3 Hz). However, flicker exposure was via a television medium (coloured light) and only 

photosensitive individuals were included as participants. Therefore, its results are of uncertain 

relevance to shadow flicker associated with wind turbines. 
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Table 33 Parallel evidence examining the association between shadow flicker and adverse health effects 

Study Design Exposure Outcomes Limitations 

Pohl, Faul and 

Mausfeld 

(1999) 

German 

government-

sponsored 

study 

RCT 

2 groups of males and 

females: Group 1, 32 students 

(mean age = 23 years); Group 

2, 25 professionals (mean age 

= 47 years) 

Each group randomly assigned 

to either 60 minutes of 

simulated flicker 

(experimental group) or 

similar lighting conditions 

without periodic shadow or 

flicker.  

Study consisted of 6 test and 

measurement phases: 2 

before the light was turned 

on; 3 at intervals of 

20 minutes while simulated 

flicker or the control condition 

was in progress; 1 after 

simulated flicker was turned 

off.  

60 minutes of simulated 

flicker. 

Stress-related 

health effects: 

general 

performance stress 

indicators 

(arithmetic, visual 

search tasks); 

mental and 

physical wellbeing; 

cognitive 

processing; and 

stress in the 

autonomic nervous 

system (heart rate, 

blood pressure, 

skin conductance 

and finger 

temperature). 

There were inadequate data presented in the review by 

Ellenbogen et al. (2012), which included this study. Pohl, 

Faul and Mausfeld (1999) were published in German and 

were not translated because an inclusion criterion for BQ4 

was English literature only. 

Results 

Only a short narrative summary of results was included in the review by Ellenbogen et al. (2012). The original article by Pohl, Faul and Mausfeld (1999) was in 
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Study Design Exposure Outcomes Limitations 

German. 

Summary 

Systemic effects were comparable across groups. On the results of this study, Ellenbogen et al. (2012) note that ‘there is limited evidence primarily from a study 

by Pohl, Faul and Mausfeld (1999) that prolonged shadow flicker (more than 30 minutes) can result in transient stress-related effects on cognition (concentration, 

attention) and autonomic nervous system functioning (heart rate, blood pressure)’. 

Shirakawa et al. 

(2001) 

Non-randomised provocation 

study comparing multiple 

groups with varying levels of 

colour flicker at varying 

frequencies.  

All subjects were 

photosensitive (n=35). 

Rates of 

photoparoxysmal 

response (PPR) 

provocation.  

 The study examined photosensitive individuals—20/35 

(57%) were being treated with antiepileptic drugs. It is not 

known what proportions of residents living near wind 

turbines are photosensitive. 

The exposures were colour related to mimic flicker emitted 

from a television. It is difficult to apply these results to the 

wind turbine flicker setting. 

Potential for observer bias given the lack of concealment of 

allocation.  

Results 

Proportions of individuals experiencing PPR provocation at 3, 10, 20 and 30 Hz among the 35 subjects 

 Frequency 

 3 Hz 10 Hz 20 Hz 30 Hz 

Subjects with PPR provocation, % 5.7 28.6 22.9 28.6 

Summary 

The PPR provocation rates at 10, 20, and 30 Hz were significantly greater than at 3 Hz (p<0.01 for all comparisons). 

Abbreviations: RCT = randomised controlled trial; PPR = photoparoxysmal response; Hz = hertz 
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SUMMARY: MECHANISTIC AND PARALLEL EVIDENCE ON SHADOW FLICKER 

BQ2. By what specific physical emissions might wind turbines cause adverse health 

effects? (Shadow Flicker) 

Shadow flicker occurs as turbine blades pass before the sun and create shadows. Exposure to 

flicker from a turbine is determined by the hub height, blade diameter, height of the sun and 

blade direction relative to the observer, and these variables are affected by the time of day, 

time of year, wind direction and geographical location (Harding, Harding & Wilkins 2008; 

Verkuijlen & Westra 1984). 

It is well recognised that shadow flicker exposure can affect health by inducing seizures in 

those prone to photosensitive epilepsy. This very rare condition can be induced by repetitive 

flashing lights and static repetitive geometric patterns, with the flicker inducing transient 

abnormal synchronised activity of brain cells and affecting consciousness, bodily movements 

and/or sensation. 

 

BQ3. For each such emission, what is the level of exposure from a wind turbine and how 

does it vary by distance and characteristics of the terrain separating a wind turbine from 

potentially exposed people? 

The timing, intensity and location of shadow flicker are influenced by turbine size and shape, 

landscape features, latitude, weather and wind farm layout. ‘Safe distances to reduce 

shadow flicker’ would depend on the specific nature of the project and the presence of 

residences or roadways and geographic layout. Forestry and existing shadows would 

diminish the nuisance from turbine-produced shadow flicker, whereas open-land areas (such 

as farmland) are more susceptible to flicker-induced annoyance. Generally, a shadow flicker 

‘risk zone’ would incorporate an impact area that is 10-fold the turbine rotor diameter. Only 

certain areas of the impact would be exposed to shadow flicker for a significant amount of 

time. The frequency of shadow flicker emitted from wind turbines is proportional to the 

rotational speed of the rotor multiplied by the number of blades; for large wind turbines 

these are typically in the range 0.5–1.1 Hz. 

The Environment Protection and Heritage Council of Australia (EPHC; 2010) note that the risk 

of seizures from modern wind turbines is negligible, given that less than 0.5% of the 

population are subject to epilepsy at any point in time and, of this proportion, 5% are 

vulnerable to strobe lighting (light flashes). In the majority of circumstances (>95% of the 

time), the frequency threshold for individuals susceptible to strobe lighting is >8 Hz, with the 

remainder affected by frequencies >2.5 Hz. Wind turbine flicker is usually below 1 Hz. The 

EPHC estimates that the probability of conventional horizontal-axis wind turbines causing an 

epileptic seizure for an individual experiencing shadow flicker is <1 in 10 million in the 

general population.  
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SUMMARY  (CONT.) 

 

BQ4. Is there basic biological evidence, or evidence from research into other 

circumstances of human exposure to physical emissions that wind turbines produce, that 

make it plausible that wind turbines cause adverse health effects? 

Epileptic seizures are associated with visible flicker, typically within the range 3–70 Hz, while 

human biologic effects due to invisible flicker (that which is not consciously perceivable by a 

human viewer) occur at frequencies above those at which flicker is visible but at <165 Hz 

(Wilkins, Veitch & Lehman 2010).  

The sparse laboratory evidence available investigating the association between shadow 

flicker and health outcomes was of uncertain applicability to the shadow flicker conditions 

produced by wind turbines. One study found no difference in stress-related outcomes 

between groups exposed and not exposed to shadow flicker but it could not be determined 

whether the flicker frequencies investigated were similar to those produced by wind turbines 

(Pohl, Faul & Mausfeld 1999). The other study found photoparoxysmal responses to a range 

of frequencies relevant to the flicker produced by wind turbines (>3 Hz) but the flicker 

exposure involved coloured light, rather than shadow, and all of the participants were 

photosensitive individuals (Shirakawa et al. 2001). 
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ELECTROMAGNETIC RADIATION 

BQ2. BY WHAT SPECIFIC PHYSICAL EMISSIONS MIGHT WIND TURBINES CAUSE ADVERSE 

HEALTH EFFECTS? 

Electromagnetic radiation (EMR; X-rays, ultraviolet rays, visible light, infrared rays and radio 

waves) consists of electric and magnetic energy that is transmitted in a wavelike pattern. Magnetic 

fields (MF) occur where any electric conductor has an electrical current flowing through it. 

Humans are continuously exposed to time-varying low-frequency EMFs from natural sources (solar 

activity, earth and human body magnetic fields) (Ahlbom et al. 2001), radio and TV transmission 

devices, electrical power lines and wiring, and electrical appliances (Ahlbom et al. 2001; EPHC 

2010; Rideout, Copes and Bos et al. 2010). Three types of EMF commonly present in the 

environment are (WHO 2012c):  

 extremely low-frequency electromagnetic fields (ELFs) (range <300 Hz) 

 intermediate frequency fields (range 300 Hz to 10 MHz) 

 radiofrequency fields (range 10 MHz to 300 GHz).  

Electrical currents are a vital part of normal bodily function. Biochemical mechanisms and nerve 

transmission utilise electric impulses. The impact of external exposure to EMF on the human body 

and its cells depends mainly on the EMF frequency and magnitude or strength (WHO 2002). The 

frequency (Hz) is the number of oscillations or cycles per second.  

Concerns regarding the safety of EMF increased with the publication of an early study in which an 

association was observed between the risk of childhood leukaemia and the degree of EMF 

radiation exposure from electricity transmission lines (Wertheimer & Leeper 1979). Further 

research has been conducted on adults regarding possible occupational EMF associations with 

cancer, cardiovascular, neurological, psychological and reproductive conditions.  

ELF refers to the electromagnetic radiation produced by the flow of electrical current. Examples of 

sources are electrical distribution cables and electrical equipment, including household appliances. 

ELFs are also produced by wind turbines, specifically by the grid connection lines, turbine 

generators, electrical transformers and underground collector network cabling. Rideout, Copes 

and Bos (2010) note that grid connection lines generate ELF levels that are comparable to those 

emitted from household appliances. For this reason, ELF is the focus of this review and no further 

consideration is given to EMF in the intermediate and radiofrequency ranges. 

ELF can penetrate the human body and induce electrical currents inside the body. Radio frequency 

EMF penetrates only a short depth into the tissue and does not induce currents. The induced 

current strength or magnitude is influenced by the intensity of the outside magnetic field and the 

size of the loop through which the current flows. Sufficiently large currents can cause stimulation 

of nerves and muscles (HPA 2012; ICNIRP 2012; NIEHS 2012; WHO 2012a).  

   EM
R
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BQ3. WHAT IS THE LEVEL OF EMR EXPOSURE FROM A WIND TURBINE, AND HOW DOES IT 

VARY BY DISTANCE AND CHARACTERISTICS OF THE TERRAIN SEPARATING A WIND 

TURBINE FROM POTENTIALLY EXPOSED PEOPLE? 

Levels of EMF emitted from wind turbines  

For wind farms, EMF is emitted from grid connection lines, underground collector network cabling, 

electrical transformers and turbine generators. Rideout, Copes and Bos (2010) note that grid 

connection lines generate low levels of EMF that are comparable to those emitted from household 

appliances. Underground cables effectively generate no EMF at the surface because of positioning 

of phase conductors and screening of cables, whereas transformers generate the highest EMF 

levels. The authors also noted that turbine generators are around 60–100 m above ground level 

and so there is little or negligible EMF at ground level.  

Magnetic field measurements, conducted by Windrush Energy from Windrush wind turbines, were 

0.4 mG (milligauss40) or 0.04 µT (microtesla) in front of a turbine door, with typical values in the 

vicinity of wind turbines of 0.004 µT (Windrush Energy 2004). The acceptable EMF health 

threshold is 83.3 µT (Ahlbom et al. 2001). Windrush indicate that the EMF level emitted from a 

2-MW wind turbine set back at 550 m is approximately 12 times less than the EMF exposure of a 

driver and front seat passenger sitting approximately 1.5 m from the average car alternator. The 

exposure is also analogous to a hand-held household hair dryer (Windrush Energy 2004). 

Table 34 summarises typical magnetic field strengths for different household appliances at various 

distances. The magnetic field strength of the majority of household appliances at a distance of 

30 cm is well below the guideline limit for the general public of 100 µT (WHO 2012b). A World 

Health Organization report on EMF and health concluded that magnetic field strength rapidly 

decreases as distance from the appliance increases. For the majority of household appliances that 

are not operated very close to the body (at a distance of 30 cm), the surrounding magnetic fields 

are 100 times lower than the guideline limit of 100 µT at 50 Hz (83 µT at 60 Hz) for the general 

public. Thus, if human exposure to EMF from wind turbines is considered to be of similar strength 

to that emitted by household appliances, these conclusions would have similar applicability.  

  

                                                      

40
 Milligauss and microtesla (µT) are units for magnetic field strength in common usage; 10 mG = 1 µT. 
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Table 34 Typical magnetic field strength of household appliances at various distances  

Electric appliance 3 cm distance (μT) 30 cm distance (μT) 1 m distance (μT) 

Hair dryer 6–2000 0.01–7 0.01–0.03 

Electric shaver 15–1500 0.08–9 0.01–0.03 

Vacuum cleaner 200–800 2–20 0.13–2.00 

Fluorescent light 40–400 0.5–2.0 0.02–0.25 

Microwave oven 73–200 4–8 0.25–0.60 

Portable radio 16–56 1 <0.01 

Electric oven 1–50 0.15–0.5 0.01–0.04 

Washing machine 0.8–50 0.15–3.00 0.01–0.15 

Iron 8–30 0.12–0.30 0.01–0.03 

Dishwasher 3.5–20 0.6–3.0 0.07–0.3 

Computer 0.5–30 <0.01 NA 

Refrigerator 0.5–1.7 0.01–0.25 <0.01 

Colour TV 2.5–50 0.04–2.00 0.01–0.15 

Normal operating distance is given in bold. 
Abbreviations: T = tesla; NA = not applicable. All appliances operate at a frequency of 50 Hz; 1 μT = 10 mG 
Source: WHO (2012a) 

 

Systematic literature review 

SQ5. IS THERE ANY RELIABLE EVIDENCE OF AN ASSOCIATION BETWEEN 

ELECTROMAGNETIC RADIATION FROM WIND TURBINES AND ADVERSE HEALTH 

EFFECTS?  

No studies were identified that considered the effect of ‘electromagnetic radiation’, as it relates to 

wind turbines, on human health. Given the lack of evidence to answer this question, an Evidence 

Statement Form was not completed and an evidence statement or conclusion was not able to be 

made. 
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Parallel evidence 

BQ4. IS THERE BASIC BIOLOGICAL EVIDENCE, OR EVIDENCE FROM RESEARCH INTO OTHER 

CIRCUMSTANCES OF HUMAN EXPOSURE TO ELECTROMAGNETIC RADIATION, THAT 

MAKE IT PLAUSIBLE THAT WIND TURBINES CAUSE ADVERSE HEALTH EFFECTS? 

The parallel evidence identified for Background Question 4 concerning the effects of EMR in the 

ELF frequency range on human health is summarised in Table 38. This evidence was used to 

address the biological plausibility that wind farms could cause adverse health effects if they 

produced significant ELF. The specific limitations of each of the studies are also provided.  

Three studies by Johansen and colleagues considered the potential health effects of EMR. 

Reported outcomes were diseases of the central nervous system (CNS), a range of cancers and the 

incidence of cardiac pacemaker implantation (Johansen 2000; Johansen, Feychting et al. 2002; 

Johansen & Olsen 1998). Slight increases for some diseases of the CNS (senile dementia, motor 

neuron diseases, amyotrophic lateral sclerosis (ALS)) were reported among exposed groups. 

However, the retrospective study design is likely to have resulted in exposure misclassification, 

while the exposed and non-exposed groups may have differed with respect to demographic 

factors and health and disease status. It is therefore uncertain whether the differences in CNS 

disease risk were due to ELF or to bias or confounding. A review by Ahlbom et al. (2001) 

considered the effects of environmental ELF on various cancers and ALS, noting an increase in the 

risk of childhood leukaemia and ALS for the exposed group, but the authors cautioned that the 

results are highly likely to have been affected by bias and confounding. One study reported a 

statistically significant effect of ELF on sleep (Åkerstedt et al. 1999), although the absolute impact 

was not considered meaningful.  

According to the WHO (2012), the acceptable ELF health threshold is 100 µT (1000 mG). However, 

epidemiological studies of magnetic fields have consistently found an association between ELF at 

exposures of 0.4 µT or above and childhood leukaemia (Ahlbom et al. 2001), although lack of a 

known mechanism and negative animal data prevent a conclusion that the ELF and childhood 

leukaemia association is causal (Kheifets & Shimkhada 2005). Other authors make the more 

specific claim that prolonged exposure to power frequency ELF at levels above what is normally 

encountered (>4 mG or >0.4 μT) may be associated with an increased risk of childhood leukaemia 

(Karipidis & Martin 2005)41. These authors conducted a pilot study to characterise power-

frequency ELF strength in private residences in metropolitan Melbourne, Victoria, Australia. The 

main objective was to gather results on the distribution of average ELF in homes and the 

proportion of homes with averages above 0.4 μT. The rationale was that this investigation 

provided data to inform a precautionary approach to EMF. The authors explained that such an 

                                                      

41
 The definition of ‘levels above what is normally encountered’ could not be clarified as the figure of >4 mG was 

based on a publication (ICNIRP 2003) not available to the authors at the time of undertaking this review. The quoted 

figure has been accepted as valid and ‘levels normally encountered’ has been interpreted to mean levels of EMF that 

people would commonly encounter during the course of their daily lives. For the same reason it could not be 

determined what is meant by ‘prolonged exposure’. 
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approach necessitates ‘knowledge of the exposure potentially related to the possible risk’, 

meaning that ‘one should know what proportion of the population, and in particular children, are 

exposed to time-averaged levels above 4 mG’ (0.4 μT). 

Table 35 shows magnetic field spot measurements and the percentage of homes for which each 

level was greater than 0.4 μT (95% CI). The results for the spot measurements did not, on average, 

exceed 0.4 μT despite isolated measurements above this figure. The authors acknowledge that the 

relevance of these findings is uncertain, the measurement not being representative of the 

population due to the small sample (Karipidis & Martin 2005). 

Table 35 Magnetic field spot measurements at selected locations in 26 homes and 

percentage of homes (95%CI) for which the level exceeded 0.4 μTa at that location  

Location No. of 

homes 

Mean, μT Median, 

μT 

SD, μT Min, μT Max, μT % homes 

>0.4 μT 

[95%CI] 

Front gate 25 0.334 0.200 0.319 0.02 1.16 28 [14, 48] 

Front yard 23 0.183 0.140 0.161 0.02 0.69 9 [1, 28] 

Front door 26 0.158 0.095 0.218 0.02 1.12 8 [1, 26] 

Living 

room 

26 0.122 0.080 0.150 0.01 0.58 8 [1, 26] 

Kitchen 26 0.107 0.060 0.123 0.01 0.50 4 [0.1, 21] 

Master 

bedroom 

26 0.139 0.075 0.194 0.01 0.92 12 [3, 30] 

Child’s 

bedroom 

26 0.151 0.080 0.212 0.01 0.99 12 [3, 30] 

Study  0.147 0.070 0.197 0.01 0.59 14 [3, 42] 

Backyard  0.097 0.050 0.140 0.01 0.68 4 [0.1, 21] 

Abbreviations: μT = microtesla; SD = standard deviation; CI = confidence interval 
a 

All results have been converted from milligauss to microtesla.  
Source: Karipidis and Martin (2005) 

Magnetic fields from appliances usually showed considerable variation from house to house for 

the same types of appliance. Fields produced by microwave ovens were observed to have the 

highest levels. Table 36 shows descriptive statistics for selected appliances. 
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Table 36 Descriptive statistics for magnetic fields from selected appliances measured at a 

nominal 30-cm separationa  

Appliance No. of 

homes 

Mean, μT Median, μT SD, μT Min, μT Max, μT 

Television 26 1.01 0.99 0.57 0.14 2.54 

Microwave 

oven 

22 9.71 10.60 5.45 0.77 18.80 

Kettle 22 0.53 0.47 0.32 0.17 1.38 

Clock radio 22 0.48 0.45 0.25 0.14 0.96 

Hair dryer 9 2.53 0.95 3.18 0.26 9.90 

Computer 17 0.23 0.23 0.12 0.06 0.52 

Abbreviations: μT = microtesla; SD = standard deviation 
a
 All results have been converted from milligauss to microtesla.  

Source: Karipidis and Martin (2005) 

 

These results suggest that the magnetic fields associated with common household appliances do 

not reach average levels exceeding 0.4 μT, and that the levels of ELF experienced by individuals on 

a day-to-day basis around the home may occasionally fall within ranges consistent with an 

elevated risk of childhood leukaemia where the exposure is close and prolonged42 (ICNIRP 2003). 

However, it is uncertain how many of, or for how long, these sources would regularly be within 

30 cm (the nominal separation) of residents for extended periods. 

A WHO report on EMF and health concluded that magnetic field strength rapidly decreases as 

distance from the appliance increases (WHO 2012b). The WHO noted that, for the majority of 

household appliances that are not operated in very close proximity to the body (i.e. >30 cm), the 

magnetic fields surrounding these appliances are substantially lower than the WHO guideline limit 

of 100 µT at 50 Hz (83 µT at 60 Hz) for the general public. Thus, if human exposure to ELF from 

wind turbines is considered to be of similar strength to that emitted by household appliances, 

these conclusions would have similar applicability. As noted above, there is some evidence to 

suggest that the levels of ELF measured around turbines are less than those measured close to 

household appliances and in a number of working and home environments. These measurements 

were taken at proximities from the turbines that would be much closer than that of residences 

near turbines (Windrush Energy 2004). However, the measurements were only summarised (no 

datasets) and were taken by a party within the wind power industry. Comprehensive 

measurements and data reporting across a range of wind farms have not been provided by an 

independent investigator. 

                                                      

42
 As the International Committee Report could not be accessed, the definition of prolonged is unknown; however, 

one example of prolonged exposure within close range was given by Karipidis and Martin (2005)—a clock radio on a 

bedside table. 

Exhibit A4-2c

Page 143 of 296
 

014282



 

144 

 

Another pilot study (Kim & Cho 2001) conducted in Korea compared personal exposure to ELF 

among ‘occupational’ and ‘non-occupational’ groups43 in different indoor environments (at work, 

transportation and at home) and outdoors. The results of magnetic field strength measurements 

taken in the various environments for these groups are shown in Table 37. 

Table 37 Average levels of personal exposure (μT) to magnetic fields in occupational and 

non-occupational groups  

 Occupational group (O) Non-occupational 

group (NO) 

Ratio 

 Electrician

(n=11) 

Medical 

computer 

operator 

(n=6) 

Subway 

driver 

(n=9) 

Transformer 

worker 

(n=11) 

Graduate 

student 

(n=34) 

Office 

worker 

(n=31) 

O/NO 

Indoor, µT: 

 at work 

 in transport 

 at home 

 etc.a 

 

0.64 

0.42 

0.18 

0.13 

 

0.46 

0.18 

0.18 

0.11 

 

0.35 

0.26 

0.08 

0.18 

 

1.21 

0.22 

0.08 

0.33 

 

0.09 

0.22 

0.07 

0.13 

 

0.09 

0.13 

0.07 

0.06 

 

7.44 

1.50 

1.86 

1.90 

Outdoor, µT 0.26 0.08 0.15 0.11 0.17 0.09 1.15 

Total, µT 0.41 0.27 0.18 0.83 0.08 0.08 5.25 

Abbreviations: µT = microtesla; O/NO = occupational/non-occupational 
a 

It is unclear from the publication which indoor environments provided the measurements shown in this row. 
Source: Kim and Cho (2001) 

The study groups without probable occupational exposure to ELF had average workplace levels of 

exposure that were similar to the home levels—0.09 µT compared with 0.07 µT. In contrast, those 

with occupational exposure had much higher levels of workplace exposure (0.35–1.21 μT) than 

home exposure (0.08–0.18 μT).  

The former findings are generally consistent with those of an investigation that measured ELF 

exposure in 10 women working at a television studio in Toowong, Queensland, Australia 

(Armstrong et al. 2007). The investigation was in response to a breast cancer cluster observed 

among the 10 women who were studied. The average levels measured at Toowong, with the 

exception of measurements for a staff member who worked in the radio building, were similar to 

those in the Korean study without probable occupational exposure. Levels measured from the 

radio building were appreciably less than that measured on any of the Korean groups with 

probable occupational exposure.  

                                                      

43
 While the publication by Kim and Cho (2001) did not provide explicit definitions for these groups, it is evident that 

‘occupational’ was intended to encompass occupations hypothesised to be associated with higher levels of ELF 
exposure than ‘non-occupational’, which included graduate students and office workers. 
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Overall, the findings of the Toowong study suggest that ELF was a very unlikely cause for the 

observed breast cancer cluster, as the levels of exposure were very unlikely to have been 

materially different from levels common in residential buildings, and probably workplaces, in 

Australia.  

Given that the only available estimates of ELF levels in proximity to wind farms (Windrush Energy 

2004) are lower than the levels observed in this evidence, it would be reasonable to conclude that 

the likelihood of adverse health effects from ELF emitted by wind turbines is probably very low, 

albeit currently unknown. 

Several of the ELF studies shown in Table 38 used a job-exposure matrix. This has the potential to 

result in misclassification between adjacent categories of exposure (Johansen et al. 2002). Three 

key limitations with respect to ELF exposure assessment discussed in the literature include the lack 

of knowledge about a relevant metric and the relevant exposure induction period; the 

retrospective nature of exposure assessment in the majority of the studies; and incomplete 

characterisation of exposure sources, and lack of consensus on combining exposures from 

different sources into one metric (Ahlbom et al. 2001).  

The cyclical nature of exposures from power lines makes the nature of the exposure complex, 

multifaceted and highly variable (daily, seasonal and secular patterns; variation in residential 

exposure due to differences in power usage (intensity and duration) across both time and 

electrical appliances). There are also two additional key issues for consideration: 1) the magnetic 

field exposure from sources outside those examined in the studies, such as magnetic fields outside 

the home; and 2) residential mobility.  

It is difficult to precisely determine if there exists an aetiologic relationship between ELF exposure 

and chronic disease endpoints such as cancer in the absence of prospective attainment of accurate 

data. However, among the evaluated studies, the strongest evidence of an association was in 

relation to postnatal exposures to ELF above 0.4 μT and childhood leukaemia, based on two 

separate non-systematic reviews presenting pooled analyses (Ahlbom et al. 2001; Kheifets & 

Shimkhada 2005).  

While there are numerous studies of childhood leukaemia and ELF exposure, studies of ELF 

exposure and other diseases (particularly adult diseases) are much more limited. This is largely 

due to difficulties typically encountered in designing studies that adequately assess exposure 

(Kheifets & Shimkhada 2005). Outside the study of childhood leukaemia, results from the ELF 

studies are characterised by a high degree of heterogeneity and are inconclusive. The applicability 

of the results obtained in the included ELF studies to the wind farms context is uncertain due to 

scant data (one industry example only (Windrush Energy 2004)) on the magnitude and/or level 

(quantity) of ELF present in the vicinity of wind turbines. 
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Table 38 Parallel evidence examining the association between extremely low frequency electromagnetic fields (ELF) and adverse health 

effects 

Study Design Exposure Outcomes Limitations 

Åkerstedt et 

al. (1999) 

Cross-over design comparing sleep with 

and without exposure to a 50 Hz/1 µT 

electrical field. 

n=18 healthy subjects (age range 18–

50 years). 

After a night of habituation, 

subjects were exposed 3–

5 days later to a night with a 

1 µT EMF field on or off. 

Magnetic fields measured 

using a 3-axis magnetometer.  

The authors note that the 

generated field did not cause 

any sound. 

Effects on sleep 

(polysomnography. 

Effects on sleep-related 

hormones (melatonin, 

growth hormones, 

cortisol and prolactin). 

Authors stated that, despite 

statistically significant differences, 

effects were far from ‘clinical 

significance’. 

Results 

Mean values for sleep variables with ELF ‘Off’ and ‘On’ 

 On, mean±SE Off, mean±SE p value 

Total sleep time 424±9 407±11 0.04 

Sleep efficiency 0.86±0.02 0.82±0.02 0.05 

Awakenings 1.34±0.03 2.41±0.04 0.07 

Sleep latency 18±4 22±6 0.29 

SWS latency 12±1 14±2 0.20 

REM sleep latency 81±9 80±9 0.44 

Stage 1 sleep 8±2 10±1 0.16 

Stage 2 sleep 219±10 211±10 0.10 

SWS 97±4 82±6 0.01 

SWA% 100 80±9 0.02 
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REM 107±7 104±6 0.34 

Stage wake + movement 45±9 54±8 0.10 

Subject rateda 

 Ease of falling asleep 4.1±0.2 4.2±0.2 0.15 

 Ease of awakening 3.6±0.2 3.8±0.2 0.12 

 Sleep quality 3.7±0.2 4.0±0.2 0.09 

 Sleep depth 3.9±0.2 3.4±0.2 0.01 

 Undisturbed sleep 3.2±0.2 3.3±0.2 0.20 

All values given in minutes except for sleep efficiency (proportion), SWA (%) and subjective ratings (point scale; see 
a 

below). 
a 

The Karolinska Sleep Diary was used. Items were scored 1 to 5, where ‘5’ indicated highest quality or greatest ease. 

SWS, SWA, REM, see Abbreviations list at end of this table. 

 

Mean and ANOVA results for plasma hormone levels at five time points with ELF ‘Off’ and ‘On’ 

 23.00 24.00 2.30 5.00 8.00 Ftime Fcondition Ftc 

Melatonin, Off 34±8 53±8 110±11 60±11 28±7 NA NA NA 

Melatonin, On 25±7 36±7 67±8 55±8 35±7 5.7a 1.5 0.8a  

GH, Off 1.6±0.9 1.3±0.4 2.0±0.1 0.6±0.1 0.3±0.1 NA NA NA 

GH, On 1.5±0.6 2.5±0.6 1.2±0.1 0.6±0.1 0.3±0.1 6.0b 0.6 1.6a  

Cortisol, Off 105±15 102±24 70±20 184±20 357±20 NA NA NA 

Cortisol, On 103±11 114±24 108±24 209±24 365±18 63.1c 3.2 0.5a  

ACTH, Off 1.8±0.4 1.3±0.1 1.7±0.3 3.1±0.5 5.5±2.5 NA NA NA 

ACTH, On 1.6±0.3 1.8±0.7 1.2±0.1 3.0±0.4 4.2±0.3 22.9c  3.6 2.2a  

Prolactin, Off 5.6±0.5 5.9±1.1 9.6±1.2 9.0±0.9 12±1.5 NA NA NA 

Prolactin, On 5.9±0.7 4.6±0.4 9.3±0.7 7.6±0.7 11±1.2 19.9c  1.3 0.4a  
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Study Design Exposure Outcomes Limitations 

F
time 

= adjusted statistic derived from testing for changes across the night with ‘time’ as a factor; F
condition

 = adjusted statistic derived from testing for changes across the night 

with ‘condition’(off/on) as a factor; F
tc

 = adjusted statistic derived from testing for changes across the night with ‘time’ and ‘condition’ as factors. 

p values: 
a 

<0.05; 
b 

<0.01; 
c 
<0.001. 

Melatonin and ACTH (see Abbreviations list at end of this table) levels given in pmol/L, cortisol in nmol/L, GH (see Abbreviations) and prolactin in µg/L (see Glossary for 

definitions of these units). 

Summary 

ELF exposure was associated with reduced: total sleep time, sleep efficiency and slow wave activity (SWA). There were no differences in plasma hormone levels 

between exposed and non-exposed phases. 

Johansen 

(2000)† 

Retrospective cohort study to examine 

whether there was any association 

between ELF and diseases of the CNS in 

approximately 31,000 subjects employed 

in Danish utility companies between 

1900 and 1993. After classification of 

exposure, data were linked to the 

nationwide, population-based Danish 

national register of patients to 

determine the number of CNS disease 

cases. 

A job-exposure matrix specific 

for ELF (that distinguished 

between 25 job titles held by 

workers in utility companies) 

was constructed and, for each 

of the 475 combinations of job 

title and work area, an average 

level of exposure of 50 Hz ELF 

during a working day was 

assigned.  

This was grouped into five 

categories of ELF exposure: 

background exposure 

(0.09 μT), low exposure (0.1– 

0.29 μT), medium exposure 

(0.3– 0.99 μT), and high 

exposure (>1.0 μT). 

Diseases of the CNS—

dementia, demyelinating 

diseases, cerebral palsy, 

epilepsy, motor neuron 

diseases and spinal 

medullary disease. 

Limitations include retrospective 

design of the study, potential for 

misclassification of exposure and 

non-randomised nature of the 

comparison.  

Results 
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Observed (O) and expected (E) discharges (1978–1993) due to CNS diseases among 30,631 workers with ≥3 months employment at a utility company in Denmark 

during 1900–1993 

 Men Women 

 O E O/E 95% CI O E O/E 95% CI 

Disease (ICD-8) 

 Senile dementia 122 105.1 1.16 [0.16,1.39] 6 11.95 0.50 [0.18,1.03] 

 Presenility 30 33.5 0.90 [0.60,1.28] 4 2.99 1.34 [0.36,3.43] 

 Demyelinating diseases in CNS 4 2.11 1.90 [0.51,4.86] 1 0.54 1.86 [0.02,10.32] 

Parkinson’s disease 64 71.5 0.90 [0.69,1.14] 4 6.40 0.62 [0.17,1.60] 

Cerebral palsy 45 52.5 0.86 [0.62,1.15] 8 5.16 1.55 [0.67,3.06] 

Epilepsy 148 196.2 0.75 [0.64,0.89] 19 31.68 0.60 [0.36,0.94] 

Motor neuron diseases (non-ALS) 5 1.82 2.75 [0.88,6.41] 0 0.22 0 [0.00,16.80] 

ALS 15 8.7 1.72 [0.96,2.83] 0 0.82 0 [0.00,4.50] 

Spinal medullary disease 13 21.29 0.61 [0.32,1.04] 3 2.65 1.13 [0.23,3.31] 

 

Relative risk of neurological diseases among 24,850 men employed in Danish utility companies by average estimated level of EMF exposure, adjusted for age, 

calendar period and duration of employment 

   Background Low Medium High Unknown 

   (<0.09 µT) (0.10–0.29 µT) (0.30–0.99 µT) (≥1.0 µT)  

  N RR RR 95% CI RR 95% CI RR 95% CI RR 95% CI 

Disease (ICD-8) 

 Senile dementia 122 1.00 1.00 [0.51,1.95] 1.15 [0.60,2.19] 1.43 [0.74,2.77] 1.51 [0.78,2.94] 

 Presenility 30 1.00 0.68 [0.20,2.34] 0.72 [0.21,2.48] 0.92 [0.25,3.42] 1.21 [0.34,4.32] 

 Parkinson disease 64 1.00 0.89 [0.42,1.87] 0.68 [0.31,1.49] 0.64 [0.26,1.54] 0.72 [0.29,1.79] 
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 Cerebral palsy 45 1.00 0.50 [0.16,1.54] 0.88 [0.33,2.39] 0.78 [0.25,2.42] 2.57 [0.92,7.19] 

 Epilepsy 148 1.00 1.51 [0.78,2.95] 1.50 [0.77,2.94] 2.03 [1.02,4.05] 1.61 [0.79,3.29] 

 Motor neuron disease 20 1.00 0.86 [0.16,4.71] 1.27 [0.26,6.32] 1.56 [0.29,8.53] 1.90 [0.33,11.13] 

 Spinal medullary disease 13 1.00 1.35 [0.14,13.04] 1.35 [0.14,12.97] 0.81 [0.05,12.96] 3.96 [0.43,36.59] 

Summary 

Overall, there was an increased risk of senile dementia and motor neuron diseases (although differences were not statistically significant). The authors 

speculated that this may be associated with ‘above-average’ levels of exposure to magnetic fields. The incidences of Parkinson’s disease, Alzheimer’s disease, 

and other diseases of the CNS were not associated with exposure to ELF. The authors note that there was a decreased risk of epilepsy compared with the 

general population, which was likely related to a healthy worker effect. 

Johansen, 

Feychting et 

al. (2002)† 

Retrospective cohort study. Investigators 

attempted to examine concerns about 

potential cardiovascular effects of 

occupational exposure to ELF.  

A cohort of approximately 24,000 men 

who worked in utility companies in 

Denmark (between 1900 and 1993) was 

linked to the nationwide, population-

based Danish Pacemaker Register, and 

the numbers of persons who had 

undergone pacemaker implantation 

between 1982 and 2000 were compared 

with corresponding numbers in the 

general population. 

Exposure to ELF in the 50–

60 Hz frequency band.  

For each of the 475 

combinations of job titles/work 

areas, an average level of 

exposure to 50 Hz ELF during a 

working day was assigned.  

These were also categorised 

into ELF (background exposure 

(≤0.09 μT), medium exposure 

(0.1–0.99 μT), and high 

exposure (≥1.0 μT)). 

Incidence ratios for 

pacemaker implantation. 

 

Awareness of exposure and 

observer bias in level or intensity of 

determining the outcome from 

registers. 

The study addresses only those 

heart diseases that require 

implantation of a pacemaker. 

Assessment of exposure was not 

obtained from individual data. 

No information about other 

exposures or lifestyle factors 

associated with cardiovascular 

disease (cigarette smoking, diet or 

physical activity) was collected, so 

the possibility of confounding 

cannot be excluded. 
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Results 

Standardised incidence ratios for pacemaker implantation during the period 1982–2000 among 24,056 men employed ≥3 months at a utility company in 

Denmark during 1900–1993, by average estimated level of exposure to electromagnetic fields at work and duration of employment 

 Background exposure Medium exposure High exposure Unknown 

 (≤0.09 μT; n=20) (0.1–0.99 μT; n=61) (>1.0 μT; n=23) (n=31) 

 Obs/Expt SIR [95% CI] Obs/Expt SIR [95% CI] Obs/Expt SIR [95% CI] Obs/Expt SIR [95% CI] 

Employment 

duration, years 

 0–9 -/0.65 -  3/2.64 1.14 [0.2,3.3] -/0.86 - 2/0.77 2.60 [0.3,9.4] 

 10–19 -/2.59 - 14/9.91 1.41 [0.8,2.4] 3/3.32 0.90 [0.2,2.6] 7/4.38 1.60 [0.6,3.3] 

 ≥20 20/14.86 1.35 [0.8,2.1] 44/60.97 0.72 [0.5,1.0] 20/18.86 1.06 [0.7,1.6] 22/20.41 1.08 [0.7,1.6] 

 Total 20/18.10 1.11 [0.7,1.7] 61/73.51 0.83 [0.6,1.1] 23/23.04 1.00 [0.6,1.5] 31/25.55 1.21 [0.8,1.7] 

 

Relative risk of pacemaker implantation among 24,056 men employed ≥3 months at a utility company in Denmark during 1990–1993, by average estimated level 

of ELF exposure at worka, adjusted for age calendar year and duration of employment 

 Background exposure Medium exposure High exposure Unknown 

 (≤0.09 μT; n=20) (0.1–0.99 μT; n=61) (>1.0 μT; n=23) (n=31) 

 RR RR [95% CI] RR [95% CI] RR [95% CI] 

 1.0b 1.6 [0.6,1.87] 0.89 [0.5,1.63] 1.06 [0.61,1.87] 
a 

p for trend = 0.7; 
b
 Reference category 

Summary 

Overall, there was no statistically significant increased frequency of pacemaker implantation among employees: 135 subjects received implants, yielding a risk 

estimate of 0.96 (95% CI [0.81, 1.14]). No clear dose–response pattern emerged with increasing ELF exposure or with duration of employment. A Poisson 

regression analysis was conducted, which showed no statistically significant increased risk in the group with high exposure compared with the group with 

background exposure, and there was no observed trend in the risk estimate when workers were compared according to their level of occupational exposure to 
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electromagnetic fields (p=0.7). 

Johansen and 

Olsen (1998)† 

Johansen and Olsen conducted 8 

separate cohort studies among Danish 

utility workers to examine any increased 

risk of cancer, ALS, multiple sclerosis, 

CNS diseases and other chronic 

disorders, as well as cause-specific 

mortality associated with ELF.  

All employees were followed up in 

several registers. Risk of disease was 

analysed in relation to occupational ELF 

exposure, latency, and duration of 

employment. A specific job-exposure 

matrix was developed and validated by 

comparison with direct measurements 

of ELF during a workday.  

Disease among employees 

exposed to ELF (50-Hz) in the 

Danish utility industry. 

Any increased risk of 

cancer, ALS, multiple 

sclerosis, CNS diseases 

and other chronic 

disorders, and cause-

specific mortality. 

 

Results 

Observed numbers of deaths and standardised mortality ratios by selected causes of death and time since first employment among 21,236 men with ≥3 months 

employment at a utility company in Denmark during 1900–1993 

 Time since first employment 

 0–9 years 10–29 years >30 years 

 Observed SMR Observed SMR Observed SMR Observed SMR 

Cause of death 

All causes 3540 0.96 305 0.82 1869 0.97 1366 0.98 

All malignant neoplasms 1070 1.1a  71 0.8 576 1.1 423 1.1a  
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 Leukaemia 30 0.9 3 0.7 13 0.8 14 1.2  

 Breast cancer 2 1.6 0 0 1 1.5 1 2.2 

 Brain cancer 4 1.4 1 1.7 0 0 3 4.5 

 Lung cancer 343 1.1a  22 0.9 199 1.2a  122 1.1 

 Pleural cancer 14 2.3a  0 0 8 2.3 6 2.9a  

Neurological disorders 

 ALS 14 2.0a 0 0 8 2.0 6 2.7a  

 Parkinson’s disease 6 0.8 0 0 3 0.8 3 0.8 

 Multiple sclerosis 3 0.4 0 0 2 0.5 1 0.7 

 Senile dementia 4 0.5 0 0 3 1.0 1 0.2 

 Presenile dementia 2 0.9 0 0 1 0.8 1 1.0 

Behaviour-related causes 

 Accidents caused by 

 Electricity 10 18.1a 2 8.0 8 29.2a  0 0 

 Alcoholism 21 1.0 8 2.2 12 0.9 1 0.3  

 Motor vehicles 49 0.9 19 1.0 22 0.9 8 0.9 

 Suicide 133 0.9 36 0.9 82 1.0 15 0.8 

Cardiovascular disorders 

 Acute myocardial 

 infarction 713 1.0 54 0.9 385 1.0 274 1.0 

 Cardiac arteriosclerosis 300 0.9 12 0.8 151 1.0 137 0.9 

 Other heart diseases 152 0.9 9 0.7 78 0.9 65 0.9 

 Cerebrovascular disease 207 0.8 14 1.0 101 0.8 92 0.8 

Respiratory disorders 

 Bronchitis and 

 emphysema 159 1.0 7 0.9 87 1.1 65 1.0 
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 Asthma 4 0.4 0 0 3 0.5 1 0.3 

Other specified causes 644 0.9 67 0.7 329 0.9 248 1.0 

Unknown cause 49 0.9 4 0.7 18 0.9 25 1.0 
a 

p<0.05 

 

Observed numbers of deaths and standardised mortality ratios by selected causes of death and estimated average workplace exposure to 50 Hz magnetic fields 

among 21,236 men with ≥3 months employment at a utility company in Denmark during 1900–1993 

 Background exposure Low exposure Medium exposure High exposure 

 (≤0.09 μT) (0.10–0.29 μT) (0.30–0.99 μT) (>1.0 μT) 

 Observed SMR Observed SMR Observed SMR Observed SMR 

Cause of death 

All causes 474 0.79 1063 0.93 1134 0.96 869 1.12a  

All malignant neoplasms 151 0.9 301 1.0 366 1.2a  252 1.2a  

 Leukaemia 2 0.4 7 0.7 15 1.4 6 0.9 

 Breast cancer 0 0 1 2.6 0 0 1 4.0 

 Brain cancer 0 0 2 2.1 2 2.1 0 0 

 Lung cancer 47 1.0 88 1.0 117 1.2a  91 1.4a  

 Pleural cancer 0 0 2 1.0 7 3.5a  5 4.0a  

Neurological disorders 

 ALS 1 0.9 4 1.9 5 2.3 4 2.8 

 Parkinson’s disease 1 0.7 3 1.3 1 0.4 1 0.6 

 Multiple sclerosis 0 0 0 0 2 0.9 1 0.8 

 Senile dementia 0 0 1 0.4 2 0.8 1 0.6 

 Presenile dementia 0 0 1 1.4 1 1.3 0 0 

Behaviour-related causes 
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 Accidents caused by 

 Electricity 0 0 2 10.1a  5 26.9a  3 30.8a  

 Alcoholism 1 0.4 10 1.5 6 0.9 3 1.1 

 Motor vehicles 4 0.5 24 1.3 12 0.7 9 0.9 

 Suicide 19 1.0 37 0.8 41 0.9 36 1.4 

Cardiovascular disorders 

 Acute myocardial 

 infarction 96 0.8 225 1.0 232 1.0 160 1.0 

 Cardiac arteriosclerosis 38 0.7 98 1.0 79 0.8 85 1.2 

 Other heart diseases 27 0.9 35 0.7 52 1.0 38 1.1 

 Cerebrovascular disease 24 0.6 68 0.9 61 0.8 54 1.0 

Respiratory disorders 

 Bronchitis and 

 emphysema 20 0.8 50 1.1 48 1.0 41 1.2 

 Asthma 2 1.1 1 0.3 1 0.3 0 0 

Other specified causes 82 0.7 189 0.8 203 0.9 170 1.1 

Unknown cause 8 0.9 14 0.8 17 0.9 10 0.9 
a 

p<0.05 

Summary 

Linkage with the Danish Cancer Register did not identify increased risks for those cancers suggested a priori to be associated with exposure to ELF, including 

leukaemia, brain tumours and breast cancer. Linkage with the National Mortality Register revealed a significantly increased overall mortality rate from ALS, with 

an increasing trend with duration of employment and ELF exposure. In addition, a significantly increased mortality rate from electric accidents was observed. It 

was hypothesised that the observation of increased mortality from ALS was associated with exposure to ELF or electric shocks. No increased mortality rate from 

cardiovascular or cerebrovascular disease was observed. Linkage of the cohort with the Multiple Sclerosis Register revealed an increased risk of multiple 

sclerosis, which was not, however, significant. Linkage with the Pacemaker Register showed no increased risk of severe arrhythmia-related heart disease. 
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Ahlbom et al. 

(2001) 

Comprehensive non-systematic review. 

18 studies included on ELF and childhood 

cancer—17 case-control studies (2 

nested) and one cohort study. 

7 studies included on ELF and 

amyotrophic lateral sclerosis (ALS)—5 

case-control and 2 cohort studies. 

5 studies included on ELF and 

Alzheimer’s disease—4 case-control 

studies and one cohort study. 

5 studies on ELF and suicide—2 case-

controls and 3 studies calculated the 

standardised or proportional mortality 

ratio. 

6 studies on ELF and depression—5 

cross-sectional and one case-control 

study. 

Authors presented a narrative discussion 

of studies on the association between 

occupational/residential exposures to 

ELF and either cardiovascular risk or 

reproductive adverse effects, but did not 

specify the number of studies. 

ELF from a range of sources 

including residential (close 

proximity to power lines) and 

occupational (e.g. video display 

terminals) ELF exposures.  

Authors considered ELF as 

time-varying electric and/or 

magnetic fields <300 Hz; 

however, most included 

studies, where specified, 

assessed magnetic fields 

<60 Hz. 

Various cancers and ALS. The authors caution that the 

observed associations from 

reviewed studies are highly 

uncertain due to potential for bias 

and confounding. There was 

uncertainty regarding the methods 

used to measure and categorise ELF, 

leading to potential misclassification 

and difficulty in 

comparing/combining studies. 

Results 

Pooled analysis of studies (n=9) on ELF exposure and childhood leukaemia 
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 Summary residential Estimated residential 

 ELF exposure <0.4 μT ELF exposure ≥0.4 μT 

Cases, n 

 Observed 3,203 44 

 Expected NR 24.2 

 Excess NR 19.8 

Controls, n 10,338 62 

RR [95% CI] NRa 2.0 [1.27,3.13] 
a 

While no data were provided, the authors reported that the risk was found ‘to be near the no-effect level’. 

 

Pooled analysis of studies (n=14) on ELF exposure and ALS 

Pooled studies No. of studies RR [95% CI] 

All  7 1.5 [1.2,1.7] 

Clinically and ALS society-based 3 3.3 [1.7,6.7] 

Mortality registry and census-based 2 1.3 [1.1,1.6] 

Utility cohort studies 2 2.7 [1.4,5.0] 

 

Summary 

Among the evaluated outcomes, the one for which there was most evidence of an association was childhood leukaemia in relation to postnatal exposures above 

0.4 μT. The relative risk was 2.0 (95% CI [1.27, 3.13]) from a large pooled analysis. There was some evidence of an association between ALS with occupational 

ELF exposure. 

Abbreviations: RCT = randomised controlled trial; µT = microtesla; ELF = extremely low-frequency electromagnetic field(s); CNS = central nervous system; mT = millitesla; ELF = 
extremely low frequency electromagnetic field(s); ALS = amyotrophic lateral sclerosis; SWS = slow wave sleep; SWA = slow wave activity; REM = rapid eye movement; ANOVA = 
analysis of variance; ACTH = adrenocorticotropic hormone; GH = growth hormone; ICD-8 = International Classification of Diseases = Revision 8; RR = relative risk; CI = confidence 
interval; SMR = standardised mortality ratio; SIR = standardised incidence ratio; NR = not reported; SE = standard error; dB = decibels; NS = not (statistically) significant 
† The Johansen ELF studies are based on the same cohort, with individual publications reporting different outcomes or sets of outcomes.  
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SUMMARY: DIRECT, MECHANISTIC AND PARALLEL EVIDENCE ON EMR 

 

SQ5. Is there any reliable evidence of an association between electromagnetic radiation 

from wind turbines and adverse health effects?  

No studies were identified that considered the effect of ‘electromagnetic radiation’, as it 

relates to wind turbines, on human health.  

 

BQ2. By what specific physical emissions might wind turbines cause adverse health 

effects? (EMR) 

Mechanistic studies indicate that the effects of external exposure to EMR on the human 

body and its cells depend mainly on the EMR frequency and strength (WHO 2002). It is 

known that the strength of an alternating magnetic field rapidly decreases as distance from 

the source increases (WHO 2012b). ELF EMR can produce eddy currents in human tissue. 

Since biochemical mechanisms and nerve transmission utilise electric impulses, exposure to 

ELF EMR could interfere with electrical currents that are vital to normal bodily function if the 

person is in close proximity to the source of the EMR.  

 

BQ3. For each such emission, what is the level of exposure from a wind turbine and how 

does it vary by distance and characteristics of the terrain separating a wind turbine from 

potentially exposed people? 

In wind farms EMR is emitted from grid connection lines, underground collector network 

cabling, electrical transformers and turbine generators. However, there are scant data (one 

industry example only (Windrush Energy 2004)) on the magnitude and/or level (quantity) of 

ELF EMR present in the vicinity of wind turbines. The available industry data suggests that 

the ELF EMR levels near wind farms are likely to be within the range of ELF EMR emitted by 

household appliances.  
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SUMMARY  (CONT.) 

 

BQ4. Is there basic biological evidence, or evidence from research into other 

circumstances of human exposure to electromagnetic radiation, that make it plausible 

that wind turbines cause adverse health effects? 

The applicability of the available parallel evidence on EMR to the wind farm context is 

uncertain. Concerns regarding the safety of EMR were raised with the publication of an early 

study reporting an association between the risk of childhood leukaemia and the degree of 

EMR exposure from electricity transmission lines (Wertheimer & Leeper 1979). Research has 

also been conducted on possible associations between occupational EMR and cancer or 

cardiovascular, neurological/psychological and reproductive diseases. However, apart from 

the study of childhood leukaemia, results from these EMR studies are characterised by a high 

degree of heterogeneity and are all considered to be inconclusive with respect to a causal 

association between EMR exposure and human health effects (Ahlbom et al. 2001). 
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WIND TURBINE EXPOSURE AND HUMAN HEALTH EFFECTS ASSESSED 

AGAINST MODIFIED BRADFORD HILL CAUSALITY GUIDELINES 

The direct, mechanistic and parallel evidence collated for this review was considered within 

the causality framework offered by the modified Bradford Hill Guidelines. Pre-specified 

indicators were used to determine whether there is a probable cause-and-effect 

relationship between exposure to wind turbine emissions and adverse health effects. 

Causation could not be demonstrated (Table 39).  

The isolated reports of adverse health effects in the direct evidence could not be 

convincingly attributed to wind farm exposure. This was mainly due to the cross-sectional 

design of the available studies, inconsistent findings between studies, and the potential 

impact of bias, plausible confounders and chance on the observed results. Although it was 

clear that self-reported adverse health effects occurred in the vicinity of wind turbines, 

these effects did not differ by the purported degree of exposure to wind turbine noise i.e. 

estimated SPL (dose-responsiveness). Degree of exposure, as measured by distance from a 

wind turbine (dichotomised into ‘near’ and ‘far’) did affect mental health in one small study, 

although this finding was inconsistent with the non-statistically significant results reported 

from four other studies that measured stress, irritability, anxiety and depression in study 

participants.  

A dose-response relationship was apparent between wind turbine proximity and the 

possibly health related effects of self-reported sleep quality, sleep disturbance and quality 

of life. However, there is a possibility that the associations with sleep quality, sleep 

disturbance and quality of life are confounded by annoyance and other factors that 

determine it. Annoyance appeared to be more related to turbine visibility and lack of 

economic benefit than to wind turbine noise44 (see page 163 for further detail). 

It could not be determined from the scant evidence available whether any of the effects 

studied except, perhaps, sleep disturbance would be reversible in the absence of wind 

turbine exposure. Equally, it was uncertain whether there is a clear mechanism of action by 

which wind turbine exposure can cause adverse health effects. The mechanistic evidence 

reviewed did indicate that shadow flicker and ELF EMR exposure could theoretically have 

physiological impacts on humans; that is, respectively, epileptic seizures in photosensitive 

individuals and possibly childhood leukaemia. However, the type of shadow flicker and 

extent of ELF EMR exposure produced by wind turbines is likely to be different from that 

considered in the parallel research evidence that was conducted in the laboratory or field 

setting. The flicker frequency and colour investigated in the laboratory setting was different 

from that produced by wind turbines. Similarly, from the scant evidence available it would 

appear that the degree of ELF EMR exposure around wind turbines was unlikely to be higher 

                                                      

44
 measured by estimated SPL 
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than that produced by general electrical appliances. Further evidence is therefore needed to 

determine possible mechanisms of action. 

There was no scientifically accepted mechanism by which ILFN could cause adverse health 

effects in humans in the limited mechanistic evidence collated for this review. Further, given 

the recent South Australian Environment Protection Authority report on noise levels in the 

vicinity of wind turbines (Evans, Cooper & Lenchine 2013), the available laboratory (parallel) 

evidence is unlikely to be applicable as it primarily tested ILFN at high SPLs (>80 dB) and 

found inconsistent effects of ILFN on the intermediate physiological measures taken from 

study participants. Health outcomes were not measured.  

Table 39  Assessing the causal hypothesis using the modified Bradford Hill 

Guidelines 

Type of evidence Causal indicator Demonstrated? 

Direct 

(Assesses the impact 

of wind turbine 

exposure on health 

outcomes) 

 Size of effect not attributable to 

plausible confounding 

No. Where associations with wind 

turbine exposure were observed, 

they were generally weak and 

attributable to other factors. 

 Appropriate temporal 

proximity—cause precedes effect 

and effect occurs after a plausible 

interval 

No. All studies were cross sectional 

and it was not determined whether 

exposure preceded onset of 

observed effects. 

 Appropriate spatial proximity—

health effect occurs at same site 

as exposure 

Yes. Self-reported health effects 

occurred near wind turbines. 

 Dose-responsiveness  Uncertain. There was no dose-

response effect for health effects 

but there was evidence of increases 

in health-related (sleep 

disruption/quality of life) and 

relevant non-health-related effects 

(annoyance) by degree of estimated 

noise exposure. 

 Reversibility Uncertain. One study reported 

reversibility of effect on sleep when 

moving away from proximity to 

wind turbines 

Mechanistic 

(Investigates the 

mechanisms that are 

 Evidence for a mechanism of 

action (biological, chemical, 

mechanical) 

Uncertain. Plausible mechanisms 

were not demonstrated in the 

epidemiological studies or the few 
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Type of evidence Causal indicator Demonstrated? 

supposed to connect 

wind turbine exposure 

to health outcomes) 

experimental studies in humans 

that reported on health or relevant 

non-health endpoints. 

 Coherence Uncertain. Relevant current 

scientific knowledge as to possible 

mechanisms was not reviewed to 

the extent needed to make a 

judgement as to coherence. 

Parallel 

(Comprises related 

studies that have 

similar results) 

 Replicability No. Similar study protocols were 

used across some wind turbine 

studies (e.g. SWE-00, SWE-05, NL-

07) but adverse health effects were 

not replicated. Health effects were 

not measured in the “emission” 

laboratory and field studies.  

 Similarity No. The exposures considered in 

the laboratory and field studies 

were either not reported or differed 

from those likely to be produced by 

wind turbines.  

 Applicability Possible. Since European and North 

American countries have a longer 

history of, and more extensive, 

wind turbine development and a 

greater population density than 

Australia, it is possible that wind 

turbine exposure in Australia is 

qualitatively and quantitatively 

different from the exposures 

contributing most evidence. 

Source: Howick, Glasziou and Aronson (2009) 
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ALTERNATIVE EXPLANATIONS FOR REPORTED ASSOCIATIONS  

 

BQ6. IS THERE EVIDENCE THAT THERE ARE CONFOUNDING FACTORS OR 

EFFECT MODIFIERS THAT MIGHT EXPLAIN THE ASSOCIATION OF WIND 

TURBINES WITH ADVERSE HEALTH EFFECTS?  

Attitudes towards wind farms 

The studies included in the systematic review consistently found that proximity to wind 

turbines was related to annoyance, with three studies showing that level of annoyance is a 

stronger predictor of sleep disturbance, tension/stress and irritability than estimated wind 

turbine noise exposure per se.  

Those who had a negative attitude to wind farms in general had 13.4 times the odds of 

being annoyed by noise from wind turbines than those who were not negative about wind 

farms (95%CI 6.03, 29.59) (Pedersen et al. 2007). Given that these results are from a cross-

sectional study, it is not possible to determine whether attitudes to wind farms were stable 

and a predictor of annoyance, or whether noise annoyance had an impact on general 

attitudes towards wind farms. The association between how people view the appearance of 

wind turbines (‘visual attitude’, i.e. beautiful or ugly) and annoyance was strong, with a 

negative visual attitude increasing the odds of annoyance by more than 14 times (OR=14.4, 

95%CI 6.37, 32.44).  

Visibility of turbines 

The visibility of turbines strongly influenced whether respondents were annoyed by the 

noise of wind turbines or not. When individuals could see at least one wind turbine, they 

had almost 11 times the odds of being annoyed by the sound of it (see Table 24) (Pedersen 

et al. 2007). This association was strongly influenced by the visual attitude of the individuals; 

that is, whether they considered wind turbines to be aesthetically beautiful and natural, or 

ugly and unnatural. Visual attitude was a stronger determinant of noise annoyance in those 

who could see wind turbines than in those who could not (Pedersen & Larsman 2008).  

Financial gain from the site of turbines 

Pedersen et al. (2009) reported that very few people who gained financially from wind 

turbines reported annoyance due to noise (3/100), although perception of the noise level 

was the same regardless of financial gain. They hypothesised that those who benefit 

financially may have a positive appraisal of the sound as it signifies profit, and also that 

those who are not benefiting financially from the wind turbines may have resentment 

against their neighbours who are, which could increase the difference in the levels of 

annoyance.  
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Community decision-making on site of turbines 

There was no direct evidence that community decision-making regarding the site of wind 

turbines influenced reported health outcomes within that community. However, Ellenbogen 

et al. (2012) note that effective public participation in, and direct benefits from, wind energy 

projects (such as receiving electricity from the neighbouring wind turbines) have been 

shown to result in less annoyance in general and better public acceptance overall. This 

would be consistent with the findings of van den Berg et al. (2008), who reported that the 

level of annoyance with wind turbine noise was lower in people who received financial 

benefit from the wind farm. They hypothesised that one of the mechanisms of this finding 

may be that those who gained financially may have had a measure of control over the 

location of the wind turbines.  

Age and design of turbines 

None of the studies that assessed the impact of wind turbines on health assessed whether 

the age or design of the turbine influenced the results. However, it is noted from other 

sources that older wind turbines that used gears were noisier than newer turbines, which do 

not have a gear box (Hall, Ashworth & Shaw 2012).  

Nocebo effect 

In the limited literature linking adverse health outcomes to wind farms, there was no 

evidence identified that considered health effects or related non-health effects (e.g. 

annoyance) could be due to expectation effects, or nocebo effects (negative placebo 

effects) (Häuser, Hansen & Enck 2012). It has been reported that soon after a wind farm 

project has been made public, local residents have been contacted by outside groups who 

provide information on the range of supposed negative effects of wind farms (Hall, 

Ashworth & Shaw 2012). There is therefore a risk that prior expectations towards wind 

farms could be negative, increasing the likelihood of individuals experiencing adverse effects 

(i.e. through a nocebo effect), either being sensitive to the effects they have been warned 

about, or attributing normally occurring health problems to the presence of wind turbines.  
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LIMITATIONS IN THE EVIDENCE-BASE AND SUGGESTIONS FOR 

FURTHER RESEARCH  

Although a very comprehensive search for both unpublished (‘grey’) and published (‘black’) 

literature on the adverse health effects of wind turbines was conducted, it cannot be 

excluded that some evidence may have been missed. Study authors may have chosen not to 

submit their work to a public forum or those responsible for research publication may have 

chosen not to publish the work. This can occur when the result of a study is a ‘null result’ i.e. 

there is no effect found. This type of publication bias tends to be a problem that affects the 

‘black’ literature.  

Present evidence on the association of exposure to wind turbines and adverse health effects 

appears to be very limited. There is no consistent evidence that adverse health effects are 

caused by exposure to wind turbine noise. There is, though, consistent—albeit probably 

confounded—evidence that noise from wind turbines is associated with annoyance, and 

reasonably consistent evidence that it is associated with sleep disturbance and poorer 

quality of life. None of this evidence is sufficient to establish a cause-and-effect relationship. 

While no research has directly addressed the association between infrasound from wind 

turbines and health effects, the possibility of such an association cannot be excluded on 

present evidence.  

While, a priori, the probability that there are material health effects consequent on 

residence at a reasonable distance from wind turbines could be judged as low, concern has 

been expressed by people who live near wind turbines about perceived impacts on their 

health (Senate Community Affairs References Committee 2011). Given these subjective 

experiences and the limited research evidence summarised above, further and better 

research on the relationship between noise from wind turbines and health, sleep and 

quality of life is warranted. 

There are several elements of research that would greatly assist making stronger 

conclusions regarding the health effects of wind farms. These aspects include:  

 comparative data; that is, measuring health outcomes in groups who have not been 

exposed to wind turbines and comparing it with data collected from groups who have 

been exposed to wind turbines, ideally collected in the same time period and at the same 

time points.  

 prospective collection of data to enable temporal effects to be examined; that is, 

measuring the health status of residents prior to wind turbine installation and again 

afterwards 

 response from a sample representative of all those exposed (i.e. not only those who have 

a health complaint but, ideally, at least a 70% response rate from those approached), in 

order to be externally generalisable 

 large enough samples to allow confidence that the effects are not due to chance  
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 health examinations carried out by professionals rather than self-reported, to increase 

the objectivity of outcomes  

 health effects reported with participants and interviewers masked to study intent, to 

minimise bias  

 objective measurements of exposure (such as volume of noise at the place of residence, 

distance to nearest wind turbine), rather than modelled measurements  

 statistical analyses adjusted for cluster effects and multiple comparisons.  

One of the largest identified problems with the literature is the sample selection bias in the 

studies. Although the participants may have been recruited from relevant populations, and 

the better quality studies have attempted to gain data from a cross-section of people 

exposed and non-exposed to wind farms, the response rates were very poor. There is, 

therefore, an increased probability of biased comparisons between exposed and unexposed 

groups and a high risk that those who responded to the surveys are not representative of 

the whole community (both exposed and non-exposed). Rather, they have self-selected to 

respond to the survey because they are experiencing adverse events. The field of wind farm 

research would be greatly improved by comparative research that uses a mix of strategies 

to improve rates of response. A reasonable study design would be a prospective cohort 

study, retrieving data from individuals who live in areas where a wind farm is being 

proposed to be built and from similar communities where a wind farm is not going to be 

built.  

A simpler study design, which would also provide useful information, would be a historical 

control study, comparing data before and after the introduction of a wind farm. Health data 

could be gathered from sources such as from general practitioners’ records (e.g. the BEACH 

database), to see whether the rates of health complaints go up with the introduction of the 

wind farm, after adjustment for potential confounders. Alternatively, a retrospective cohort 

study could be conducted where data are also obtained from a control group over the same 

time period, with comparative baseline rates of health complaints and similar demographics 

to control for the effect of time.  

ONGOING RESEARCH 

International research 

The limited availability of robust, peer-reviewed scientific studies on the health effects of 

wind turbines/farms has stimulated some government health authorities, such as Health 

Canada, to begin conducting independent research. Health Canada argues that lack of 

prevalence data on community complaints and self-reported health impacts from studies 

with strong methodological designs are significant barriers to providing advice on noise 

impacts from wind turbines. If such data were available, it is likely that understanding of the 
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concern about wind turbine noise among affected communities would be improved. This 

could then be compared with the prevalence of similar health concerns in communities that 

are not situated near wind turbines (Health Canada 2012). 

Health Canada is now undertaking a cross-sectional field study to compare self-reported 

health impacts and symptoms of illness (25-minute interviews) against objective biomarkers 

of stress and the sound levels produced by wind turbines. The expected publication date for 

this study is late 2014 and will include 2000 dwellings at setback distances ranging from less 

than 500 m to greater than 5 km from 8–12 wind farms. Collected data will be correlated 

with model estimates of wind turbine noise (validated against actual measurements) so that 

potential relationships to reported health symptoms can be reliably determined. 

Specifically, the objective data under evaluation will include (Health Canada 2012, 2013): 

 automated blood pressure measurements; 

 90-day retrospective cortisol levels based on hair samples; 

 actigraphic measurements of sleep over 7 consecutive days (synchronised with wind 

turbine operational data and estimates of indoor wind turbine sound exposure); and 

 environmental sound measurements, including low-frequency noise, inside and outside a 

subsample of homes (to validate parameters for accurate sound level modelling). 

Importantly, unlike the peer-reviewed literature considered in our review, Health Canada 

will undertake measures to mitigate the effects of participation bias that are likely to 

influence the results in the absence of a response rate below the 70–75% range. By 

targeting all dwellings within the highest wind turbine sound exposure categories, random 

sampling of dwellings at more distant sound exposure categories, and random sampling of 

the one subject per home that participates in the survey, it is anticipated that bias due to 

self-selection should be reduced as much as possible. As part of the questionnaire process, 

the study protocol specifies collection of information that will allow Health Canada to 

determine the extent to which bias may influence results. The potential for entry of bias 

that relates to time of day when visits are made to conduct questionnaires has been 

planned for by specifying that home visits should be made at all times of the day. Statistical 

analyses to assess any systematic differences that may exist in subjects that participate fully, 

partially or not at all are also planned. For example, an analysis by distance to the closest 

turbine can be done to reveal a potential bias in the sample. Despite these measures, 

however, Health Canada has acknowledged that the extent to which non-response may 

impact their study cannot be determined a priori. 

Australian research 

The Environment Protection Authority of South Australia (Evans, Cooper & Lenchine 2013) 

has conducted research on the levels of infrasound near wind farms and other 

environments, with further study of similar design ongoing. Environments other than those 

within the vicinity of wind farms were included in order to compare background infrasound 
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levels with the levels that are measured in areas near wind farms when turbines are both 

operational and non-operational. While these findings are an important part of ongoing 

research, the relationship of these levels with objective measures of health is yet to be 

studied in Australia. Objective measures of exposure other than sound (i.e. flicker and ELF 

EMR) are also lacking, and exploration of these exposures and health status (pre-exposure 

and post-exposure) may be helpful in drawing conclusions about whether there is a 

relationship between wind turbines and health. As suggested above, the study design that 

would be most useful is a prospective cohort study. A historical control study could also be 

designed in order to examine potential associations between observed changes in health 

status and exposure while reducing, or at least quantifying, the likelihood that factors other 

than the exposure are confounding the findings or introducing bias. An approach similar to 

the Health Canada study on wind turbines and health could also be adopted, noting 

transparently the limitations of this approach. Following availability of robust, relatively 

homogenous data from Australia, Canada and elsewhere, the results of a possible pooled 

analysis of health outcomes would be useful for informing future policy recommendations. 
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CONCLUSIONS 

In summary, the systematic review found no consistent evidence that noise from wind 

turbines, whether estimated in models or using distance as a proxy, is associated with self-

reported human health effects. The quality and quantity of the available evidence was 

limited. 

Wind turbine noise―whether estimated in models or using distance as a proxy―was 

associated with annoyance, and often associated with sleep disturbance and poorer sleep 

quality and quality of life. However, there are concerns as to the strength and validity of 

these reported associations in the available evidence (see below). 

Shadow flicker produced by wind turbines was found to be associated with annoyance in 

one small study, but health effects were not measured. There were no studies identified 

that investigated the impact on health of the electromagnetic radiation produced by wind 

turbines.  

Do wind turbines cause adverse health effects in humans? 

To evaluate the strength of the evidence for a cause-and-effect relationship between wind 

turbines and adverse human health and health-related effects, the totality of the evidence 

was assessed in terms of the modified Bradford Hill Guidelines (Table 5, page 40).  

The reported effects in the studies did occur near wind turbines (spatial proximity). 

However, with the exception of annoyance, sleep quality or disturbance and quality of 

life―which are possibly related―there was no consistent association between adverse 

health effects and estimated noise from wind turbines. Any isolated associations that were 

observed could have been due to plausible confounding or a spurious result from 

undertaking multiple statistical tests. It was not possible to determine whether any of the 

associations of wind turbine exposure with self-reported health effects occurred before or 

after first exposure to wind turbines (temporal proximity) because of the cross-sectional 

nature of the available studies. From the reported data, there was no dose–response 

relationship observed between estimated noise exposure (modelled SPL or distance from a 

wind turbine) and direct human health effects.  

A dose–response relationship between wind turbine proximity and possibly health-related 

effects such as sleep disturbance, poor sleep quality and quality of life was apparent; that is, 

these effects were less common as the estimated SPL reduced or distance from wind 

turbines increased. However, the studies measuring sleep disturbance, sleep quality and 

quality of life often did not control for factors that may have confounded the results, such as 

annoyance and other factors that determine it. In the studies measuring noise annoyance 

there was a stronger association with turbine visibility or lack of economic benefit than with 

estimated sound pressure level. Evidence of reversibility was present in one small study. 

Participants in this study recalled less sleep disturbance when they were away from wind 
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turbines. The participants knew the purpose of the study was to investigate wind turbine 

noise. 

The information addressing the background questions did not strengthen the evidence base 

for an association between health, or health-related, effects and exposure to wind turbines. 

Possible mechanisms by which wind turbines could harm human health—and which were 

coherent with existing scientific theory—were plausible for shadow flicker and ELF EMR 

exposure, but were of uncertain applicability to the wind turbine context. A mechanism by 

which ILFN could harm human health could not be determined. There was no consistent 

association observed between ILFN and intermediate physiologic effects (e.g. blood 

pressure) in the laboratory setting. Health outcomes were not measured. 

The quality and quantity of evidence available to address the questions posed in this review 

was limited. The evidence considered does not support the conclusion that wind turbines 

have direct adverse effects on human health, as the criteria for causation have not been 

fulfilled. Indirect effects of wind farms on human health through sleep disturbance, reduced 

sleep quality, quality of life and perhaps annoyance are possible. Bias and confounding 

could, however, be possible explanations for the reported associations upon which this 

conclusion is based.  
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GLOSSARY AND ABBREVIATIONS 

Glossary45 

A priori Relating to or denoting reasoning or knowledge that proceeds from 
theoretical deduction rather than from observation or experience. 

Aerodynamic sound Sound generated by turbulent motion or aerodynamic forces 
interacting with surfaces; for wind turbines, generated by the 
interaction of the blade trailing-edge, tip or surface with air 
turbulence (see Table 8 for a full description). 

Amplitude A measurement of the energy carried by a wave—the greater the 
amplitude of the wave, the higher the level of energy carried; for a 
sound wave, the greater the amplitude, the louder the sound.  

Annoyance An unpleasant mental state that is characterised by such effects as 
irritation and distraction from one’s conscious thinking. 

ANOVA* Analysis of variance: a statistical technique that isolates and assesses 
the contribution of categorical independent variables to the variance 
of the mean of a continuous dependent variable. The observations are 
classified according to their categories for each of the independent 
variables, and the differences between the categories in their mean 
values on the dependent variable are estimated and tested for 
statistical significance. 

Association* Statistical dependence between two or more events, characteristics 
or other variables. An association is present if the probability of 
occurrence of an event or characteristic, or the quantity of a variable, 
varies with the occurrence of one or more other events, the presence 
of one or more other characteristics, or the quantity of one or more 
other variables. An association may be fortuitous or may be produced 
by various other circumstances; the presence of an association does 
not necessarily imply a causal relationship. In epidemiological and 
clinical research, the terms association and relationship may often be 
used interchangeably. 
 

Audibility threshold Also known as the absolute threshold of hearing, it is the minimum 
sound level of a pure tone that an average ear with normal hearing 
can register with no other sound present.  

Audible sound Sound that can be detected normally by the human ear; sound that 
falls within the nominal frequency range of 20–20,000 Hz (upper 

                                                      

45
 All epidemiological terms (marked as *) in this Glossary have been defined using the International 

Epidemiological Association’s (IEA’s) Dictionary of Epidemiology (2008).  
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range limit declines with age) and with normal exposure levels. 

Bias* Systematic deviation of results or inferences from truth; processes 
leading to such deviation; an error in the conception and design of a 
study—or in the collection, analysis, interpretation, reporting, 
publication or review of data—leading to results or conclusions that 
are systematically (as opposed to randomly) different from the truth. 

Biological plausibility* The causal criterion or consideration that an observed, presumably 
causal, association is plausible on the basis of existing biomedical 
knowledge. 
 

Black literature An alternative term for peer-reviewed literature that has been 
published. 

Blade glint The visual effect of light reflecting off the rotating blade surface of a 
wind turbine; can theoretically result in a stroboscopic effect to an 
observer. 

Broadband sound When a sound is produced by a broad range of frequencies, it is 
generally called broadband (such as sound from a waterfall).  

Case series* A collection of patients with common characteristics used to describe 
some clinical, pathophysiological or operational aspect of a disease, 
treatment or diagnostic procedure. A case series does not include a 
comparison group and is often based on prevalent cases and a sample 
of convenience. Common selection biases and confounding severely 
limit their power to make causal inferences. 

Chance The probability46 that an event will happen.  

Coherence* The extent to which a hypothesised causal association fits with pre-
existing theory and knowledge (see Modified Bradford Hill Guidelines). 
 

Cohort study* The analytic epidemiological study in which subsets of a defined 
population can be identified who are, have been or, in the future may 
be, exposed or not exposed, or exposed in different degrees, to a 
factor or factors hypothesised to influence the occurrence of a given 
disease or other outcome. The main feature of cohort study is 
observation of large numbers over a long period (commonly years), 
with comparison of incidence rates in groups that differ in exposure 
levels; this study type may be retrospective or prospective.  

Confidence interval (CI)* The conventional form of an interval estimate, computed in statistical 
analyses, based on the theory of frequency probability. If the 
underlying statistical model is correct and there is no bias, a 
confidence interval derived from a valid analysis will, over unlimited 

                                                      

46
 The IEA Dictionary of Epidemiology (2008) states ‘possibility’ rather than ‘probability’; however, for the 

purposes of the current report we prefer ‘probability’. 
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repetitions of the study, contain the true parameter with a frequency 
no less than its confidence level (often 95% is the stated level, but 
other levels are also used). 

Confounder/plausible 
confounder 

A factor (or plausible factor) that has an association with the exposure 
being investigated and an association with the outcome being 
measured within the data being used for the analysis.  

Confounding* Loosely, the distortion of a measure of the effect of an exposure on an 
outcome due to the association of the exposure with other factors 
(confounders) that influence the occurrence of the outcome. 
Confounding occurs when all or part of the apparent association 
between the exposure and the outcome is in fact accounted for by 
other variables that affect the outcome, and are not themselves 
affected by the exposure. 

Cross-over study* A method of comparing two (or more) treatments or interventions in 
which subjects, upon completion of one treatment, switch to the 
other; may be observational or experimental in design. 

Cross-sectional study* A study that examines the relationship between diseases (or other 
health-related characteristics) and other variables of interest as they 
exist in a defined population at one particular time. The presence or 
absence of disease, and the presence or absence of the other 
variables (or, if they are quantitative, their level), are determined in 
each member of the study population or in a representative sample at 
one particular time. The relationship between a variable and the 
disease can be examined (1) in terms of the prevalence of disease in 
different population subgroups defined according to the presence or 
absence (or level) of the variables, and (2) in terms of the presence or 
absence (or level) of the variables in the diseased versus the non-
diseased. Note that disease prevalence rather than incidence is 
normally recorded in a cross-sectional study. The temporal sequence 
of cause and effect cannot necessarily be determined in a cross-
sectional study. 

Decibel (dB) A unit of measure used to express the loudness of sound, calculated 
as the logarithmic ratio of sound pressure level against a reference 
pressure. 

Direct evidence Evidence directly or causally linking an exposure with a health 
outcome of interest through experimental evidence (randomised or 
non-randomised trial(s)) or observational evidence (see Modified 
Bradford Hill Guidelines).  

Dose response* An association between a given dose or set of doses (i.e. amount, 
duration, concentration) of an agent and the magnitude of a graded 
effect in an individual or a population; the relationship of observed 
outcomes (responses) in a population to varying levels of a protective 
or harmful agent such as a drug or an environmental contaminant. 
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Economic benefit A benefit to a person, business or society that can be expressed 
numerically as an amount of money that will be saved or generated as 
the result of an action. 

Effect modifier* A factor that modifies the measure of effect of a putative causal factor 
under study. There is effect modification when the selected effect 
measure for the factor under study varies across levels of another 
factor. An effect modifier may modify different measures in different 
directions and may modify one measure but not another; also known 
as a modifying factor. 

Electromagnetic field 
(EMF) 

A three-dimensional area in which electromagnetic radiation is 
present or active. 

Electromagnetic 
radiation (EMR) 

Radiation that is a combination of electric and magnetic radiation 
(such as X-rays, ultraviolet, infrared, visible light and radio waves); 
transmitted in a wave-like pattern as part of a continuous spectrum of 
radiation. 

Epilepsy A neurological disorder marked by sudden recurrent episodes of 
sensory disturbance, loss of consciousness and/or convulsions 
associated with abnormal electrical activity in the brain. 

Epileptogenic Causing an epileptic seizure. 

Exposed 
population/group* 

In epidemiology the exposed group (or, simply, the exposed) is often 
used to connote a group whose members have been exposed to a 
supposed cause of a disease or health state of interest, or who 
possess a characteristic that is a determinant of the health outcome 
of interest. 

Exposure* The process by which an agent comes into contact with a person or 
animal in such a way that the person or animal may develop the 
relevant outcome, such as a disease. For this review, exposure relates 
to being in the vicinity of wind turbine emissions. 

Flicker See ‘Shadow flicker’. 

Flicker frequency The rate of the light pulse or flash resulting from flicker; flash flicker 
greater than 3 Hz has the potential to provoke photosensitive 
seizures. 

Flicker-induced seizure Seizure provoked as a result of being exposed to flicker (usually at a 
frequency >3 Hz), e.g. wind turbine flicker or strobe lighting.  

Frequency (hertz, Hz) The number of sound waves or cycles passing a given point per 
second; measured in cycles per second (cps; 1 cps = 1 Hz). 

Grey literature Multiple document types and literature produced by government, 
academia, business and other organisations; may be produced in 
electronic and print formats; does not claim to be peer reviewed and 
is not controlled by commercial publishing (i.e. publishing is not the 
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primary activity of the producing body). 

Health* 1. The World Health Organization (WHO) described it, in 1948 in the 
preamble to its constitution, as: A state of complete physical, mental, 
and social well-being and not merely the absence of disease or 
infirmity. 

2. In 1984 a WHO health promotion initiative led to expansion of the 
original WHO description, which can be abbreviated to: The extent to 
which an individual or a group is able to realise aspirations and satisfy 
needs, and to change or cope with the environment. Health is a 
resource for everyday life, not the objective of living; it is a positive 
concept, emphasising social and personal resources as well as physical 
capabilities. 

3. A state characterised by anatomical, physiological and psychological 
integrity; the ability to perform personally valued family, work and 
community roles; the ability to deal with physical, biological, 
psychological and social stress; a feeling of wellbeing; and freedom 
from the risk of disease and untimely death. 

Health outcome A measure of health or loss of health that can assess one or more of 
the following factors: mortality (i.e. rates of death or survival, years of 
potential life lost, quality-adjusted life years gained, disability-
adjusted life years lost), morbidity (e.g. rates of disease or injury, 
infertility, disability, chronic pain, functional status, psychiatric 
disorders), positive measures of health (e.g. measures of wellbeing; 
physical, social or occupational function), or pregnancy and birth 
rates. 

Ice throw A hazard resulting from the build-up of ice on wind turbine rotor blade 
surfaces in cold climates; pieces or sheets of ice may be ‘thrown’ from 
spinning rotating blades once climatic conditions cause the ice to 
‘shed’. 

Inaudible sound Sound that is below the audibility threshold, which is dependent on 
sound pressure level and frequency. 

Infrasound Sound in the <20 Hz frequency range. 

Logistic regression  A type of regression analysis used for predicting the outcome of a 
categorical or binary dependent variable using one or several 
independent variables that are measured on continuous or categorical 
scales. 

Low-frequency noise Sound that falls within the frequency range of 20–200 Hz, although 
the upper limit can vary. 

Masking* Procedures intended to keep participants in a study from knowing 
some facts or observations that might bias or influence their actions 
or decisions regarding the study (syn: blinding). 
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Mechanical sound Sound produced from the movement and interaction of physical or 
mechanical parts; for wind turbines, sound produced by the 
interaction of electrical and rotational parts such as gear box and 
generator.  

Mechanistic evidence 
(indirect evidence) 

Evidence that a mechanism of action explains how the exposure in 
question may cause the health outcome of interest; the mechanism 
for causation may be biological, chemical or mechanical in nature 
(also see the Modified Bradford Hill Guidelines).  

Mesopic vision Mesopic light levels range from luminances (luminous intensity per 
unit area of light) of approximately 0.001 to 3 cd m–2. Most night-time 
outdoor and traffic lighting scenarios are in the mesopic range. 

Meta-analysis A statistical approach to combine the results from multiple studies, 
with the aim of producing a more precise estimate of the impact of an 
intervention or exposure on a health (or other) outcome, given that 
the method increases statistical power. Individual studies contributing 
to the pooled result may be weighted according to certain criteria, 
which will vary depending on the meta-analytic method chosen. The 
analysis can also be used to determine patterns and differences in the 
impact of an intervention or exposure on a health outcome under 
different circumstances. 

Moderator/mediator* A variable that occurs in a causal pathway from a causal 
(independent) variable to an outcome (dependent) variable. It causes 
variation in the outcome variable and itself is caused to vary by the 
original causal variable. Such a variable will be associated with both 
the causal and the outcome variables. Also known as an intermediate, 
intervening or contingent variable. 

Modified Bradford Hill 
Guidelines 

A set of guidelines proposed to determine whether there is a causal 
relationship between an exposure and an outcome in the absence of 
experimental evidence, revised from those originally devised by the 
epidemiologist and statistician Austin Bradford Hill; the Guidelines fall 

into categories of direct, mechanistic and parallel evidence (see Table 
5 for the causality framework for this review). 

Morbidity* 1. Any departure, subjective or objective, from a state of physiological 
or psychological wellbeing. In this sense sickness, illness and morbid 
condition are similarly defined and synonymous. 

2. The WHO Expert Committee on Health Statistics noted in its sixth 
report (1959) that morbidity could be measured in terms of three 
units: 

a. persons who were ill 
b. the illnesses (periods or spells of illness) that these persons 

experienced 
c. the duration (days, weeks etc.) of these illnesses. 
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Mortality Death 

Nocebo effect An unpleasant or adverse effect attributable to administration of or 
exposure to a placebo; in this case the placebo may be referred to as a 
nocebo. 

Noise Unwanted sound or an unwanted combination of sounds. 

Narrative review A literature review conducted without a pre-defined protocol or 
method, including an exhaustive search of the literature, pre-specified 
criteria for selecting studies and pre-defined approaches to critical 
appraisal of the internal and external validity of the results obtained. 
A narrative review is not considered to be transparent, unbiased and 
reproducible by an independent reviewer. 

Odds ratio (OR)* The ratio of two odds, i.e. the ratio of the odds (probability/1-
probability) of an event occurring in one group to the odds of it 
occurring in another group. The term ‘odds’ is defined differently 
according to the situation under discussion. Consider the following 
notation for the distribution of a binary exposure and a disease in a 
population or sample: 
  Exposed  Unexposed 
Disease  a   b 
No disease  c   d 
The odds ratio (cross-product ratio) is ad/bc.  

Parallel evidence 
(indirect evidence) 

Evidence obtained from related fields that support the association 
between the exposure of interest and an adverse health effect; 
evidence may occur in a setting other than that under investigation, 
and should have replicable results under the same conditions or with 
similar results under different conditions (also see Modified Bradford 
Hill Guidelines).  

Participants/responders Those who have participated in a trial or study, or have responded to 
a survey questionnaire or interview. 

Pearling The process of checking the reference lists of articles included in a 
systematic review for more articles that are potentially relevant. 

Pearson’s correlation 
coefficient (r) 

A coefficient derived with Pearson’s product-moment correlation; the 
values range from -1.0 to 1.0, with a high value indicating a strong 
correlation between variables.  

Peer-reviewed literature Published literature that has undergone evaluation by other people in 
the same field in order to maintain or enhance the quality of the work 
or performance in that field; in this review, databases included in the 
black literature search contain only peer-reviewed literature. 

Photoparoxysmal 
response 

A physiological reaction to intermittent photic stimulation or other 
visual stimuli of daily life; detected and measured with 
electroencephalography (EEG). 
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Photopic vision Daylight vision; normal vision in daylight; vision with sufficient 
illumination that the cones are active and hue can be perceived. 

Photosensitivity An abnormal sensitivity to light stimuli, usually detected with 
electroencephalography (EEG) as a paroxysmal reaction to 
intermittent photic stimulation. 

Photosensitive epilepsy A form of epilepsy in which seizures are triggered by visual stimuli that 
form patterns in time or space, such as flashing lights; bold, regular 
patterns; flicker; or regular moving patterns. 

Physical emission For wind turbines, recognised physical emissions include noise, 
infrasound and low-frequency noise, shadow flicker and 
electromagnetic radiation. 

Placebo* A medication or procedure that is inert (i.e. one having no 
pharmacological effect) but intended to give patients the perception 
that they are receiving treatment or assistance for their complaint; 
from the Latin placebo, ‘I shall please’.  

Prevalence* A measure of disease occurrence; the total number of individuals who 
have an attribute or disease at a particular time (it may be a particular 
period) divided by the population at risk of having the attribute or 
disease at that time or midway through the period; when used 
without qualification, the term usually refers to the situation at a 
specified point in time (point prevalence); a measure of occurrence or 
disease frequency, often used to refer to the proportion (not the rate) 
of individuals in a population who have a disease or condition. 

Probability (p)* A measure, ranging from 0 to 1, of the degree of belief in a hypothesis 
or statement. All probabilities obey the laws given by the axioms that:  

a. All probabilities (p) are 0 or greater: for any event or statement A, 
p(A)≥0 

b. The probability of anything certain to happen is 1; i.e. if A is 
certain, p(A)=1 

c. If two events or statements, A and B, cannot both be true at once 
(i.e. they are mutually exclusive), the probability of their 
conjunction (A or B) is the sum of their separate probabilities: p(A 
or B)=p(A)+p(B). 

P (or p) value* The probability that a test statistic would be as extreme as observed, 
or more extreme, if the null hypothesis was true; the letter P (or p) 
stands for this probability. It is usually close to the probability that the 
difference observed or greater could have occurred by chance alone, 
i.e. under the null hypothesis. Investigators may arbitrarily set their 
own significance levels, but in most biomedical and epidemiological 
work, a study result whose P (or p) value is less than 5% (p<0.05) or 
1% (p<0.01) is considered sufficiently unlikely to have occurred by 
chance to justify the designation ‘statistically significant’. 
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Pseudo-R2 The proportion of the total variability in outcome that is accounted for 
by the model parameter(s), calculated using various methods; used in 
logistic regression as an approximation of the R2 (coefficient of 
determination) calculated in linear regression—the more variability 
explained, the better the prediction model. 

Publication bias* 1. The result of the tendency of authors to submit, organisations to 
encourage, reviewers to approve, and editors to publish articles 

containing “positive” findings (e.g., a gene─disease association), 
especially “new” results, in contrast to findings or reports that do not 
report statistically significant or “positive” results. 

2. Tendency of authors to preferentially include in their study reports 
findings that conform to their preconceived notions or outcomes 
preferred by their institution or sponsor. 

Quality of life (QoL) An individual's perception of their position in life in the context of the 
culture and value systems in which they live, and in relation to their 
goals, expectations, standards and concerns. It is a broad-ranging 
concept affected in a complex way by the person's physical health, 
psychological state, level of independence and social relationships, 
and their relationship to salient features of their environment. 

Randomisation A system of allocating individuals to groups with a known (usually 
equal) chance of being assigned to particular groups. The approach is 
similar to tossing a coin (e.g. assignment to one group if the coin lands 
‘heads’ and to another group if the coin lands ‘tails’); it is often 
computer generated by an independent third party as this helps avoid 
bias; i.e., it reduces intentional or unintentional subverting of 
randomisation by concealing the allocation. 

Randomised controlled 
trial (RCT)* 

An epidemiological experiment in which subjects in a population are 
randomly allocated into groups, usually called study and control 
groups, to receive or not receive an experimental preventive or 
therapeutic procedure, manoeuvre or intervention. The results are 
assessed by rigorous comparison of rates of disease, death, recovery 
or other appropriate outcome in the study and control groups. RCTs 
are generally regarded as the most scientifically rigorous method of 
hypothesis testing available in epidemiology and medicine. 
Nonetheless, they may suffer serious lack of generalisability due, for 
example, to the non-representativeness of patients who are ethically 
and practically eligible, chosen or consent to participate. 

Recall bias* Systematic error due to differences in accuracy or completeness of 
recall to memory of past events or experiences. For example, a 
mother whose child has died of leukemia may be more likely than the 
mother of a healthy living child to remember details of such past 
experiences as use of x-ray services when the child was in utero. 

Regression analysis A statistical technique for estimating the ‘best’ mathematical model 
to describe or predict the dependent variable as a function of the 
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independent variable(s). There are several regression models that suit 
different needs, common forms being linear, logistic and proportional 
hazards. 

Relative risk* The ratio of the risk of an event among the exposed to the risk among 
the unexposed; this usage is synonymous with risk ratio. 

Replication*/replicability The execution of an experiment or survey more than once so as to 

confirm the findings, increase precision and obtain a closer estimation 
of sampling error.  
 

Reversibility The ability of an effect of an intervention or exposure to be reversed 
by its removal. 

Risk factor* 1. An aspect of personal behaviour or lifestyle, an environmental 
exposure, or an inborn or inherited characteristic that, on the 
basis of scientific evidence, is known to be associated with 
meaningful health-related condition(s).  

2. An attribute or exposure that is associated with an increased 
probability of a specified outcome, such as the occurrence of a 
disease. Not necessarily a causal factor, it may be a risk marker. 

3. A determinant that can be modified by intervention, thereby 
reducing the probability of occurrence of disease or other 
outcomes. It may be referred to as a modifiable risk factor, and 
logically must be a cause of the disease. 

Sample selection bias* 
(sampling bias, see 
selection bias) 

Systematic error due to the methods or procedures used to sample or 

select the study subjects, specimens, or items (e.g., scientific papers), 
including errors due to the study of a nonrandom sample of a 
population. 

Selection bias* 1. Bias of the estimated effect of an exposure on an outcome due to 
conditioning on a common effect of the exposure and the outcome 
(or of causes of the exposure and the outcome).  

2. Distortions that result from procedures used to select subjects and 
from factors that influence participation in the study. A distortion in 
the estimate of the effect due to the manner in which subjects are 
selected for the study. Systematic differences in past exposures and 
other characteristics between subjects who take part in a study and 
those who do not may or may not cause selection biases, depending 
on the study limited to volunteers or to persons present in a particular 
place at a particular time; studies based on disease survivors; hospital-
based studies that cannot include patients who die before hospital 
admission due to acute illness or that do not include persons with 
mild conditions, which seldom require hospital care; case-control 
studies in which selection of cases and controls is differentially 
influenced by cost, distance, concomitant illnesses, access to 
diagnostic procedures, or other factors. Selection biases may be 
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related to confounding and information biases. In clinical trials, two 
kinds of selection bias are especially relevant: sample selection bias or 
sampling bias (systematic differences among participants and 
nonparticipants in trials) and attrition bias (systematic differences due 
to selective loss of subjects, also known as follow-up bias). 

Selection bias can virtually never be corrected by statistical analysis. It 
is a common and commonly overlooked problem, not just in 
epidemiological studies but also in clinical and basic biological studies. 

Scotopic vision The vision of the eye under low light conditions. 

Shadow flicker The flickering effect caused when rotating wind turbine blades 
intermittently cast shadows over neighbouring properties, through 
constrained openings such as windows, as they turn; exposure is 
determined by the hub height, blade diameter, height of the sun and 
blade direction relative to the observer, as well as by environmental 
factors such as time of day, weather conditions, wind direction, wind 
speed and geographical location. 

Similarity A description of studies having findings that differ little from each 
other. 

Snowballing A process of locating, tracking and chasing down references in the 
footnotes and bibliographies of articles and other documents as part 
of a continuous process of scanning and collating references. 

Socioeconomic status* A descriptive term for a person’s position in society, which may be 
expressed on an ordinal scale using such criteria as income, level of 
education attained, occupation, value of dwelling place etc. 

Sound An energy form that travels from a source in the form of waves or 
pressure fluctuations, transmitted through a medium and received by 
a receiver (e.g. human ear). 

Sound frequency ranges Infrasound <20 Hz, low-frequency sound 20–200 Hz, mid-frequency 
sound 200–2000 Hz, high-frequency sound 2000–20,000 Hz.  

Sound intensity (I) A measure of the sound power per unit area of a sound wave; 
alternatively, the product of the sound pressure and the particle 
velocity. 

Sound power  A measure of the sonic energy per unit of time of a sound wave; 
alternatively called acoustic power; calculated by the sound intensity 
times the unit area of the wave; the total acoustic power emitted in 
all directions by the source.  

Sound pressure A measure of the sound power at a given observer location; can be 
measured at that specific point by a single microphone or receiver. 

Sound pressure level A logarithmic measure of the sound pressure of a sound relative to a 
reference value, measured in decibels (dB) above a standard 
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(SPL) reference level using the formula SPL = 10log10[p
2/pref

2], where pref is 
the reference pressure or ‘zero’ reference for airborne sound 
(20x10-6 pascals). 

Spatial proximity A description of evidence that shows that a health outcome occurs at 
the same site as the exposure under investigation (see Modified 
Bradford Hill Guidelines). 

Spearman’s correlation 
coefficient (rs) 

A coefficient derived with Spearman’s rank-order correlation; the 
values range from -1.0 to 1.0, with a high value indicating a strong 
correlation between variables.  

Statistical significance* 1. The probability of the observed or larger value of a test statistic 
under the null hypothesis; often equivalent to the probability of 
the observed or larger degree of association under the null 
hypothesis. This usage is synonymous with P (or p) value. 

2. A statistical property of an observation or estimate that is unlikely 
to have occurred by chance alone. 

Stress (distress) A state of mental or emotional strain or tension resulting from 
adverse or demanding circumstances; distress is a state of extreme 
anxiety, sorrow or pain. 

Systematic literature 
review 

A process by which a body of literature is reviewed and assessed using 
systematic pre-specified methods that are intended to identify, 
appraise, select and synthesise high-quality evidence; the 
methodology is designed to reduce bias in the review process and for 
findings to be reproducible.  

Unspecified noise Noise for which study authors have not specified a frequency range or 
decibel level. 

Urbanisation The physical growth of urban areas as a result of rural migration and 
suburban concentration into cities. 

Temporal proximity A description of evidence that shows that an exposure precedes an 
effect or health outcome (see Modified Bradford Hill Guidelines). 

Tinnitus The conscious perception of sound in the absence of an external 
source.  

Tonal sound Sound at discrete frequencies. 

Weighted sound pressure 
level 

The results of measuring a sound and applying a filter:  

A-weighting: the most common scale for assessing environmental and 
occupational sound. The result is a level measured in dB(A). 

C-weighting: a filter that does not reduce low frequencies to the same 
extent as the A-weight filter. The result is a level measured in dB(C). 
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G-weighting: designed for infrasound. The result is a level measured in 
dB(G). 

Wind farm A collection of wind turbines, usually defined by geographical location. 

Wind power The conversion of wind energy into a useful form of energy, e.g. using 
wind turbines to make electrical power, windmills for mechanical 
power, or wind-powered pumps. 

Wind turbine A device that converts kinetic energy from the wind, also described as 
converting wind energy into mechanical energy; if the mechanical 
energy is used to produce electricity, the device may be called a wind 
turbine or wind power plant. 

Wind turbine emissions Forces emanating from wind turbines that have the potential to affect 
those in the vicinity, i.e. audible sound, infrasound, electromagnetic 
radiation and shadow flicker. 
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Abbreviations 

95%CI Confidence interval of 95%; a range of values within which there is a 95% 
probability of the true value occurring  

ALS Amyotrophic lateral sclerosis (a form of motor neuron disease) 

ANOVA Analysis of variance 

β Beta coefficient for a variable in multiple linear regression; scale dependent 

CNS Central nervous system 

dB(A)  A-weighted sound pressure level (decibels) 

dB(C)  C-weighted sound pressure level (decibels) 

dB(G) G-weighted sound pressure level (decibels) 

dB(lin) Unweighted sound pressure level (decibels), also known as linear or flat-
weighting and now superseded by Z-weighting 

EEG Electroencephalography; a recording of electrical activity along the scalp by 
measurement of voltage fluctuations within the neurons of the brain 

EMF Electromagnetic field; can include ELF—low-frequency electromagnetic field, 
IF—intermediate frequency field, RF—radiofrequency field 

EMR Electromagnetic radiation 

EPA Environment Protection Authority (South Australia) 

EPHC The Environment Protection and Heritage Council of Australia 

ESS Epworth Sleepiness Scale 

Exp(b) The exponential function of the coefficients of the independent variables in a 
logistic regression, which corresponds to the odds ratio 

GHQ General Health Questionnaire 

HRQOL Health-Related Quality of Life questionnaire 

Hz Hertz; a measure of frequency equivalent to one cycle per second 

ILFN Infrasound and low-frequency noise 

Leq (also LAeq) When a noise varies over time, the Leq is the equivalent continuous sound that 

would contain the same sound energy as the time-varying sound (e.g. Leq = 

60 dB). It is common practice to measure noise levels using the A-weighting 

setting built into all sound-level meters, in which case the term is properly 

known as LAeq (e.g. LAeq = 60 dB or Leq = 60 dB(A)) 

Lmax The maximum sound power level measured over a specified period 

µg Microgram, equivalent to 10–6 grams; a measure of weight 

µT Microtesla; a measure of electromagnetic radiation, 1 µT = 10 mG 

mG Milligauss, 10 mG = 1 µT (microtesla); a measure of electromagnetic radiation 

n Number of respondents or participants 

NHMRC National Health and Medical Research Council 
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OR Odds ratio 

pmol/L Picomoles per litre, equivalent to 10–12 mol/L; a chemical measure of 
concentration 

nmol/L Nanomoles per litre, equivalent to 1000 pmol/L 

p Probability 

PPR Photoparoxysmal response 

PRISMA Preferred Reporting Items for Systematic reviews and Meta-analysis 

PSQI Pittsburgh Sleep Quality Index 

QoL Quality of life 

r Pearson’s correlation coefficient 

REM sleep Rapid eye movement sleep 

rs Spearman’s correlation coefficient 

SES Socioeconomic status 

SF-36v2 Short Form (36) Health Survey (version 2)—provides a summary Physical 
Component Score (PCS) and a summary Mental Component Score (MCS) 

SPL Sound pressure level 

SWA Slow wave activity 

SWS Slow wave sleep 

Xshadow, max The maximum distance from a wind turbine that shadow flicker can extend, 
which can be estimated by the formula: 

Xshadow, max = (H+R–hview)/tan(αs)  

where H = turbine height, R = rotor radius, hview = height of the viewing point, 
αs = altitude of the sun (Ellenbogen et al. 2012) 
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APPENDIX A – SEARCH STRATEGIES  

 

Grey literature sources 

Wind turbine*; wind farm*; wind power; wind turbine syndrome 

Limits: 1981 – 10/2012; English language; human studies 

 

Source Location Search terms 

Google Scholar http://scholar.google

.com.au/ 

Health AND human AND (“wind farm” OR 

“wind tower” OR “wind turbine” OR “wind 

power” OR “wind technology” OR “wind 

energy”) 

Limits: the first 200 citations will be assessed 

PapersFirst database 

(database of papers 

presented at conferences) 

University Library 

(‘databases’ search) 

(health) AND ("wind turbin*" OR "wind 

tower*" OR "wind farm*" OR "wind power*" 

OR "wind renewable energy" OR "wind 

power plant*" OR "wind technolog*" OR 

"wind energy" OR "wind resourc*") 

Limits: English language, published 1981 - 

2012 

ProceedingsFirst database 

(database of conference 

proceedings) 

University Library 

(‘databases’ search) 

(health) AND ("wind turbin*" OR "wind 

tower*" OR "wind farm*" OR "wind power*" 

OR "wind renewable energy" OR "wind 

power plant*" OR "wind technolog*" OR 

"wind energy" OR "wind resourc*") 

Limits: English language, published 2011 - 

2012 

EPPI Centre (papers on 

public policy) 

Evidence library 

Bibliomap database 

DoPHER database 

TroPHI database 

http://eppi.ioe.ac.uk

/cms/ 

“wind” (free text search) 

 

Scirus (documents from 

science/scientist webpages) 

Restricted to ‘Other web’ 

sources to avoid duplicating 

black literature sources 

http://www.scirus.co

m/ 

Wind turbine*" OR "wind farm*" OR 

"wind power" OR "renewable energy" 

OR "power plant*" OR "wind turbine 

syndrome" OR "energy generating 

resources" OR “wind tower*” OR “wind 
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energy” OR “wind technology” 

AND “health” AND “health effects” AND 

“adverse health effects” AND “adverse 

health effects” AND “human*” 

WHOLIS (World Health 

Organization technical 

documents) 

http://www.who.int/

library/databases/en

/  

‘wind’ (words or phrase search) 

TROVE (National Library of 

Australia resources) 

http://trove.nla.gov.

au/ 

“wind farm” 

“wind power” 

“wind tower” 

“wind turbine” 

“wind technology” 

“wind energy” 

“wind” AND “renewable energy” 

“wind resources” 

WorldCat (network of library 

content) 

http://www.worldc

at.org/  

("wind turbine" OR "wind tower" OR 

"wind farm" OR "wind power" OR "wind 

renewable energy" OR "wind power 

plant" OR "wind technology" OR "wind 

energy" OR "wind resource") AND (noise 

OR flicker OR “electromagnetic 

radiation” OR health) 

Limits: key word search, English, 1981 – 

2012, articles 

OpenDOAR (directory of 

open access repositories) 

http://www.opend

oar.org/search.php 

("wind farms" OR "wind turbines" OR "wind 

towers" OR "wind power") AND human AND 

(health OR flicker OR noise OR 

electromagnetic) 

The first 50 citations will be assessed 

MedNar  

Restricted to World Health 

Organization, US 

Department of Health and 

Human Services, National 

Center for Health Statistics 

www.mednar.com  Keyword: ("wind farms" OR "wind turbines" 

OR "wind towers" OR "wind power") AND 

(health OR flicker OR human OR noise OR 

electromagnetic) 
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APPENDIX B – EVIDENCE TABLES FOR INCLUDED ARTICLES 

Evidence map—11 articles relating to 7 studies 

Study identifier Most 

comprehensive 

report 

Study location Articles contributing additional data 

on the study and/or providing 

additional analyses or comparisons 

between studies 

NL-07 

 

Bakker et al. 

(2012) 

The Netherlands Van den Berg et al. (2008) 

Pedersen et al. (2009) 

Pedersen (2011) 

Krogh et al. 

(2011) 

 

Krogh et al. 

(2011) 

Ontario, Canada  

Morris (2012) 

 

Morris (2012) 

 

South Australia  

Nissenbaum, 

Aramini and 

Hanning (2012) 

Nissenbaum, 

Aramini and 

Hanning (2012) 

 

Maine, USA  

SWE-00 

 

Pedersen and 

Persson Waye 

(2004) 

Sweden Pedersen and Larsman (2008) 

Pedersen (2011) 

SWE-05 

 

Pedersen and 

Persson Waye 

(2007) 

Sweden Pedersen and Larsman (2008) 

Pedersen (2011) 

Shepherd et al. 

(2011) 

Shepherd et al. 

(2011) 

New Zealand  
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Included articles – citation details 

Bakker, RH, Pedersen, E, van den Berg, GP, Stewart, RE, Lok, W & Bouma, J 2012, 'Impact of 

wind turbine sound on annoyance, self-reported sleep disturbance and psychological 

distress', Science of the Total Environment, vol. 425, pp. 42–51. 

Krogh, CME, Gillis, L, Kouwen, N & Aramini, J 2011, 'WindVOiCe, a self-reporting survey: 

adverse health effects, industrial wind turbines, and the need for vigilance monitoring', 

Bulletin of Science, Technology & Society, vol. 31, no. 4, pp. 334–345. 

Morris, M 2012, 'Waterloo wind farm survey', Electronic self-published report, Accessed 18 

January 2013, <www.wind-watch.org/news/wp-content/uploads/2012/07/Waterloo-Wind-

Farm-Survey-April-2012-Select-Committee.pdf>. 

Nissenbaum M, Aramini J & Hanning C 2012, 'Effects of industrial wind turbine noise on 

sleep and health', Noise & Health, vol. 14, no. 60, pp. 237–243. 

Pedersen, E 2011, 'Health aspects associated with wind turbine noise: results from three 

field studies', Noise Control Engineering Journal, vol. 59, no. 1, pp. 47–53. 

Pedersen, E & Larsman, P 2008, 'The impact of visual factors on noise annoyance among 

people living in the vicinity of wind turbines', Journal of Environmental Psychology, vol. 28, 

no. 4, pp. 379–389. 

Pedersen, E & Persson Waye, K 2004, 'Perception and annoyance due to wind turbine noise: 

a dose-response relationship', Journal of the Acoustical Society of America, vol. 116, no. 6, 

pp. 3460–3470. 

Pedersen, E & Persson Waye, K 2007, 'Wind turbine noise, annoyance and self-reported 

health and well-being in different living environments', Occupational and Environmental 

Medicine, vol. 64, no. 7, pp. 480486. 

Pedersen, E, van den Berg, F, Bakker, R & Bouma, J 2009, 'Response to noise from modern 

wind farms in The Netherlands', Journal of the Acoustical Society of America, vol. 126, p. 

634. 

Shepherd, D, McBride, D, Welch, D, Dirks, KN & Hill, EM 2011, 'Evaluating the impact of wind 

turbine noise on health-related quality of life', Noise & Health, vol. 13, no. 54, pp. 333–339. 

Van den Berg, G, Pedersen, E, Bouma, J & Bakker, R 2008, Project WINDFARM perception: 

Visual and acoustic impact of wind turbine farms on residents, 2012/11/13/06:24:13, 

University of Groningen, FP6-2005-Science-and-Society-20, Specific Support Action, Project 

no. 044628, viewed 13 November 2012, <http://www.epaw.org/documents/WFp-final-

summary-1.pdf>. 
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Study NL-07 

ARTICLE DETAILS         

Reference [1]  

Bakker, RH, Pedersen, E, van den Berg, GP, Stewart, RE, Lok, W & Bouma, J 2012, 'Impact of wind turbine 

sound on annoyance, self-reported sleep disturbance and psychological distress', Science of the Total 

Environment, vol. 425, pp. 42–51. 

Affiliation/source of funds [2] 

Department of Applied Research in Care, University Medical Center Groningen, University of Groningen, The 

Netherlands; Halmstad University and Environmental Psychology, Department of Architecture and Built 

Environment, Lund University, Halmstad, Sweden; GGD Amsterdam Public Health Service, Amsterdam, The 

Netherlands; Department of Community and Occupational Health, University Medical Center Groningen, 

University of Groningen, The Netherlands; Department of Health Care, Science shop, University Medical Center 

Groningen, University of Groningen, The Netherlands. 

 

No external funding for the study was declared; however, this study is a selected analysis of an earlier publication 

detailing research funded by the European Union. 

Study design [3]  

Cross-sectional study—see van den 

Berg, G, Pedersen, E, Bouma, J & 

Bakker, R 2008, Project 

WINDFARM perception: visual and 

acoustic impact of wind turbine 

farms on residents, University of 

Groningen, FP6-2005-Science-and-

Society-20, Specific Support Action, 

Project no. 044628. 

Level of evidence [4]  

IV 

Location/setting [5]  

Rural and urban settings in The 

Netherlands with flat topography; 

rural environments were classified 

according to whether or not a major 

road was located within 500 m of 

the closest wind turbine. 

 

Proximity/distance: 

Study population sampled from 

addresses within 2.5 km of a wind 

turbine, with a second turbine 

<500 m from the first turbine. 

Exposure description [6] 

Wind farm details:  

Two or more turbines within 2.5 km of any given 

residence surveyed; the two closest turbines were 

required to have nominal electric power ≥500 kW. 

Additional turbines within 2.5 km of residence were 

included in analysis regardless of power output. 

 

Specific exposure details:  

Modelled sound pressure in A-weighted decibels 

(dB(A))a outside residences averaged over time with 

8 m/s downwind; range = 21–54 dB(A), mean = 

35 dB(A). 

Control(s) description [8] 

No non-exposed groups were included in the study. 

Study population was divided into categories of 

estimated SPL (see ‘Specific exposure details’ and 

‘Population characteristics’). 

 

Sample size [9]  

See ‘Population characteristics’. 

 

Survey sample selected from addresses provided by 

Land Registry Office – for each subgroup either a 

random sample was selected or all addresses that 
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Frequency range of sound not reported, i.e. exposure 

profile in terms of audible noise versus infrasound not 

analysed. 
a Sound power levels collected from reports by 

consultancies, manufacturers and local authorities; or, where 

data were unavailable (older/smaller machines), the sound 

power level of a turbine with the same dimensions and 

electrical output was used; propagation of sound from 

turbines was calculated in accordance with the ISO standard 

model (see ISO 1996, ‘Attenuation of sound during 

propagation outdoors. Part 2: General method of calculation', 

ISO 9613-2, International Organization for Standardization, 

Geneva). 

 

Sample size [7]  

Total, n=1948; respondents, n=725; non-respondents, 

n=1223; response rate 37%. 

matched postcodes within 2.5 km of selected wind 

turbines. Subgroups were: rural area, rural area with a 

major road, densely populated built-up area. 

 

Population characteristics [10]  

As per van den Berg et al. (2008) and Bakker et al. (2012). 

 Sound pressure level, in dB(A) 

<30 30–35 36–40 41–45 >45 Total 

Study sample, n 491 589 421 250 197 1948 

Respondents, n (%) 

Built-up area 

Rural with main road 

Rural without main road 

Total 

 

68 (37) 

50 (27) 

67 (36) 

185 (38) 

 

84 (38) 

70 (32) 

65 (30) 

219 (37) 

 

28 (17) 

59 (38) 

75 (47) 

162 (38) 

 

18 (19) 

36 (38) 

40 (43) 

94 (38) 

 

1 (2) 

30 (46) 

34 (52) 

65 (33) 

 

199 (23) 

245 (36) 

281 (41) 

725 (100) 

Age, mean (years) NR NR NR NR NR 51 

Sex, % male NR NR NR NR NR 51 
 

Length of follow-up [11]  

NA (cross-sectional study design). 

Outcome(s) measured and/or analyses undertaken 

[12] 

Author-developed survey measuring response (sleep 

disturbance, psychological stress, annoyance) to wind 

turbine sound outdoors and indoors, overall, and those 

who did and did not benefit economically from wind 

turbines. 

 

Correlations between sound exposure and: 

 sleep disturbance 

 psychological distress scores as determined by 

General Health Questionnaire (GHQ-12) [validated] 

 annoyance outside 

 annoyance inside. 

 

Correlations between variables were considered across 
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different environments in terms of background noise 

(‘noisy’ and ‘quiet’) and across different response 

groups (‘do notice wind turbine noise’ and ‘do not 

notice wind turbine noise’). 

INTERNAL VALIDITY  

Confounding subscale [13] 

Comment on sources of confounding: 

Few details on characteristics of participants were 

reported. Adjustments made for influence of age, 

gender, employment, terrain, urbanisation, economic 

benefit from turbines, background noise, noise 

sensitivity, attitude to turbines and turbine visibility. 

Findings may be partly explained by differences in 

levels of background sound between rural and urban 

areas. Covariates varied between the analyses. 

Plausible confounders that were not addressed 

included socioeconomic factors, chronic disease and 

risk factors for chronic disease and occupation. 

 

Bias subscale [14] 

Comment on sources of bias: 

High potential for sample selection bias due to low 

response rate. It is uncertain whether participants were 

effectively masked regarding the purpose of the survey 

(and thus the impact of recall bias is uncertain) – 

questions about other environmental factors were 

added to obtain better masking of the main topic. Equal 

weight was given to questions regarding other 

environmental factors but it is unclear whether study 

intent was known, leading to the possibility of 

responder bias (conscious or unconscious). Non-

responder analysis conducted but only on 95 of the 200 

randomly selected non-responders (non-

responders=1223), so it is may not be representative. 

EXTERNAL VALIDITY 

Generalisability [15]  

Survey mailed to a sample of households within 2.5 km 

of wind turbines; potential for differences between the 

total population living near the included wind farms and 

those that responded to the questionnaire. 

 

Applicability [16]  

Unknown whether the population characteristics and 

the wind turbine exposures of those living near wind 

farms in The Netherlands are comparable to those 

living near wind farms in Australia. 

Reporting subscale [17]  

Comment on quality of reporting: 

Main deficits include lack of reporting on distribution of participant characteristics across the nominated and 

estimated sound exposure levels (only an overall measure for mean age and sex) and limited demographic 

information on non-responders. 

Chance [18]  

This paper by Bakker et al. presents additional analyses of earlier work, led by van den Berg (see below). Bakker 

et al. present numerous statistical tests for correlations based on structural equation modelling. No adjustments 
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were made for multiple comparisons. The possibility of spurious significant associations arising by chance cannot 

be excluded. 

Overall quality assessment (descriptive) [19]  

On the basis of the Internal Validity assessment made above, and the detailed critical appraisal of the study given 

in Table 7, this study is considered poor quality for the purpose of this review. 

There was some adjustment for potential confounding, although some plausible confounders were not addressed. 

There is potential for recall bias and outcome misclassification due, respectively, to uncertainty in the 

effectiveness of masked study intent and dependence on self-report in a questionnaire that has not been formally 

validated. There is a high risk of exposure misclassification (time and person criteria not well-defined), sample 

selection bias (37% response rate) and statistically significant associations occurring due to chance (multiple 

statistical tests and no correction for multiple comparisons). 

RESULTS 

Adverse effect outcomes [20] 

Response to wind turbine sound, outdoors and indoors 
 Do not Notice, not Slightly Rather Very annoyed, Total, 
 notice, n (%) annoyed, n (%) annoyed, n (%) annoyed, n (%) n (%) n (%) 
Sound 
outdoors 284 (40) 259 (37) 92 (13) 44 (6) 29 (4) 708 (100) 
Sound 
indoors 465 (67) 139 (20) 54 (8) 21 (3) 20 (3) 699 (100) 

Response to outdoor wind turbine among economically benefiting and non-benefiting respondents 
 Do not Notice, not Slightly Rather Very annoyed, Total, 
 notice, n (%) annoyed, n (%) annoyed, n (%) annoyed, n (%) n (%) n (%) 
Benefit 255 (44) 184 (31) 78 (13) 41 (7) 28 (5) 586 (100) 
No benefit 15 (15) 68 (69) 13 (13) 2 (2) 1 (1) 99 (100) 

Response to indoor wind turbine among economically benefiting and non-benefiting respondents 
 Do not Notice, not Slightly Rather Very annoyed, Total, 
 notice, n (%) annoyed, n (%) annoyed, n (%) annoyed, n (%) n (%) n (%) 
Benefit 394 (68) 98 (17) 46 (8) 21 (4) 20 (4) 579 (100) 
No benefit 53 (54) 39 (39) 7 (7) 0 (0) 0 (0) 99 (100) 

Response to wind turbine sound outdoors in relation to 5-dB(A) intervals of sound (respondents with economic 
benefit only) 
 <30 30–35 36–40 41–45 >45 Total 
 n (%) n (%) n (%) n (%) n (%) n (%) 
Do not notice 124 (75) 92 (46) 30 (21) 7 (12) 2 (10) 255 (44) 
Notice, not annoyed 34 (21) 71 (36) 52 (37) 22 (37) 5 (24) 184 (31) 
Slightly annoyed 4 (2) 20 (10) 30 (21) 16 (27) 8 (38) 78 (13) 
Rather annoyed 2 (1) 13 (7) 19 (14) 4 (7) 3 (14) 41 (7) 
Very annoyed 2 (1) 3 (2) 9 (6) 11 (18) 3 (14) 28 (5) 
Total 166 (100) 199  (100) 140 (100) 60 (100) 21 (100) 586 (100) 
Response to wind turbine sound indoors in relation to 5-dB(A) intervals of sound (respondents without economic 
benefit only) 
 <30 30–35 36–40 41–45 >45 Total 
 n (%) n (%) n (%) n (%) n (%) n (%) 
Do not notice 144 (86) 140 (73) 85 (61) 18 (30) 7 (33) 394 (68) 
Notice, not annoyed 19 (11) 27 (14) 29 (21)  15 (25) 8 (38) 98 (17) 
Slightly annoyed 2 (1) 16 (8) 14 (10) 12 (20) 2 (10) 46 (18) 
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Rather annoyed 0 (0) 6 (3) 6 (4) 6 (10) 3 (14) 21 (4) 
Very annoyed 2 (1) 2 (1) 6 (4) 9 (15) 1 (5) 20 (4) 
Total 167 (100) 191 (100) 140 (100) 60 (100) 21 (100) 579 (100) 
Sound sources of sleep disturbance in rural and urban area types  
 Rural Urban Total 
 n (%) n (%) n (%) 
Not disturbed 196 (69.8) 288  (64.9) 484 (66.8) 
Disturbed by people/animals 33 (11.7) 64 (14.4) 97 (13.4) 
Disturbed by traffic/mechanical sounds 35 (12.5) 75 (16.9) 110 (15.2) 
Disturbed by wind turbines 17 (6.0) 17 (3.8) 34 (4.7) 
Total 281 (100) 444 (100) 725 (100) 
Correlation matrices 
 Sleep disturbance Psychological distress Age 
Quiet + noisy, do not notice 
turbine sound (n=323) 
 Sleep disturbance NA NR NR 
 Psychological distress 0.191** NA NR 
 Age 0.172** –0.129* NA 
 Sound exposure 0.005 0.053 –0.068 

 Annoyance Annoyance Sleep Psychological 
 outside inside disturbance distress Age 
Quiet + noisy, do not notice 
turbine sound (n=323) 
 Annoyance outside NA NR NR NR NR 
 Annoyance inside 0.78a NA NR NR NR 
 Sleep disturbance 0.444a 0.493a NA NR NR 
 Psychological distress 0.184a 0.243a 0.205a NA NR 
 Age 0.116 0.084 0.071 –0.77 NA 
 Sound exposure 0.281a 0.206a 0.094 0.160a –0.084 

 Annoyance Annoyance Sleep Psychological 
 outside inside disturbance distress Age 
Noisy, do notice turbine 
sound (n=147) 
 Annoyance outside NA NR NR NR NR 
 Annoyance inside 0.782a NA NR NR NR 
 Sleep disturbance 0.499a 0.534a NA NR NR 
 Psychological distress 0.174b 0.217a 0.220a NA NR 
 Age 0.236a 0.157 0.084 –0.87 NA 
 Sound exposure 0.057 0.065 0.014 0.13 –0.146 

 Annoyance Annoyance Sleep Psychological 
 outside inside disturbance distress Age 
Quiet, do notice turbine 
sound (n=118) 
 Annoyance outside NA NR NR NR NR 
 Annoyance inside 0.783a NA NR NR NR 
 Sleep disturbance 0.380a 0.438a NA NR NR 
 Psychological distress 0.201b 0.282a 0.182b NA NR 
 Age –0.027 –0.012 0.045 –0.65 NA 
 Sound exposure 0.533 0.382a 0.200b 0.208b 0.007 

a p<0.01 
b p<0.05 
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Exposure group [21]  

See ‘Adverse effect outcomes’ [20]. 

Control group [22] 

NA 

Measure of effect / 

effect size [23]  

95% CI [25] 

See [20]. 

Harms (NNH) [24]  

95% CI [25] 

See [20]. 

Public health importance (1–4) [26]  

Unable to determine according to NHMRC ranking criteria. 

Relevance (1–5) [27]  

5 

Comments [28]  

This study was cross-sectional in design. This does not permit any conclusions regarding causation between 

health outcomes and noise exposure from turbines; that is, it is unknown whether the self-reported health 

outcomes occurred prior to or after exposure. Annoyance was considered, but it is not a health outcome and it is 

uncertain whether it is associated with stress which may be a mediating variable for health. The study has limited 

capacity to inform the assessment of wind turbine noise as a cause of adverse health effects. 

 

ARTICLE DETAILS        Study NL-07 

Reference [1]  

Pedersen, E, van den Berg, F, Bakker, R & Bouma, J 2009, 'Response to noise from modern wind farms in The 

Netherlands', Journal of the Acoustical Society of America, vol. 126, no. 2, pp. 634–643. 

Affiliation/source of funds [2]  

Halmstad University and University of Gothenburg, Halmstad, Sweden; University of Groningen and GGD 

Amsterdam, The Netherlands; University Medical Centre Groningen, University of Groningen, Groningen, The 

Netherlands. 

Funded through the European Union as a Specific Support Action, Contract No. 0044628. 

Study design [3]  

Cross-sectional study. 

Level of evidence [4]  

IV 

Location/setting [5]  

Areas in The Netherlands with ≥2 

wind turbines of power ≥500 kW. 

Proximity/distance: 

Study population sampled from 

addresses within 2.5 km of a wind 

turbine with a second turbine 

<500 m from the first turbine. 

Exposure description [6] 

Wind farm details:  

≥2 wind turbines of power ≥500 kW. 

Specific exposure details:  

A-weighted sound power levels (dB(A)) in octave bands 

at 8 m/s wind speed at 10 m height in a neutral 

atmosphere for all wind turbines were obtained from 

Control(s) description [8] 

No non-exposed groups were included in the study. 

A distribution of participant characteristics (incomplete) 

across different sound level exposures was included 

(see ‘Specific exposure details’). 

Sample size [9]  
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consultancies, manufacturers and local authorities; or, 

where data were unavailable (older/smaller machines), 

the sound power level of a turbine with the same 

dimensions and electrical output was used; propagation 

of sound from turbines was calculated in accordance 

with the ISO standard model (see ISO 1996, 

‘Attenuation of sound during propagation outdoors. Part 

2: General method of calculation', ISO 9613-2, 

International Organization for Standardization, 

Geneva). 

Sample size [7]  

Respondents, n=725; non-respondents, n=1223; 

response rate 37%. 

See ‘Population characteristics’. 

 

Survey sample selected from addresses provided by 

Land Registry Office – for each subgroup either a 

random sample was selected or all addresses that 

matched postcodes within 2.5 km of selected wind 

turbines. Subgroups were: rural area, rural area with a 

major road, densely populated built-up area. 

 

Population characteristics [10] 

Exposure group:  

Estimated A-weighted sound pressure intervals in dB(A)a 

 <30 30–35 35–40 40–45 >45 Total 

Sample, n  473 494 502 282 197 1948 

Respondents, n  185 219 162 94 65 725 

Response rate, % 39 44 32 33 33 37 

a These are the intervals as reported by the authors. Note that the intervals are not mutually exclusive, which limits 

conclusions based on analysis of different categories of sound pressure exposure. For further details regarding the 

utility/relevance of results included in this paper, see ‘Outcomes measured’. 

Length of follow-up [11]  

NA (cross-sectional study) 

Outcome(s) measured and/or analyses undertaken  

[12]  

Results analysed according to five wind turbine 

estimated noise exposure categories in 5-dB(A) 

intervals; however, clinical importance of endpoints 

chosen for this study is difficult to determine ie 

annoyance is not a health effect.  

Outcomes measured were:  

Response (do not notice / annoyance) to wind turbine 

noise outdoors and indoors, and attitude to wind 

turbines. 

INTERNAL VALIDITY  

Confounding subscale [13] 

Comment on sources of confounding: 

Adjustments made for area type (rural/urban), terrain 

(e.g. built up/main road), economic benefit from 

turbines, turbine visibility, background noise, noise 

sensitivity, attitude to turbines. Covariates varied 

EXTERNAL VALIDITY 

Generalisability [15]  

Survey of households within 2.5 km of wind turbines; 

potential for differences between the total population 

living near the included wind farms and those that 

responded to questionnaire. 
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between the analyses. Plausible confounders that were 

not addressed included socioeconomic status, age, 

gender, chronic disease and risk factors for chronic 

disease, occupation, education and employment. 

 

Bias subscale [14] 

Comment on sources of bias: 

Sample selection bias is more likely with response 

rates below 70%. Response rate in this study was 37%. 

Masking of study intent was attempted to reduce recall 

bias—unclear if successful. Non-responder analysis 

conducted but no details on ‘responding non-

responder’ characteristics. 

Applicability [16] 

Unknown whether the population characteristics and 

the wind turbine exposures of those living near wind 

farms in The Netherlands are comparable to those 

living near wind farms in Australia. 

Reporting subscale [17]  

Comment on quality of reporting: 

Inadequate reporting on distribution of participant characteristics across the nominated estimated sound exposure 

levels (only an overall measure for mean age and sex) and did not provide any demographic information on non-

responders. 

Chance [18]  

Statistical testing focused on prediction of annoyance. Multiple tests undertaken. There was the possibility of 

spurious significant associations because of the multiple statistical analyses undertaken. 

Overall quality assessment (descriptive) [19]  

On the basis of the Internal Validity assessment made above, and the detailed critical appraisal of the study given 

in Table 7, this study is considered poor quality for the purpose of this review. 

There was some adjustment for potential confounding, although some plausible confounders were not addressed. 

There is potential for recall bias and outcome misclassification due to uncertainty in the effectiveness of masked 

study intent and inclusion of non-standard survey questions, respectively. There is a high risk of exposure 

misclassification (time and person criteria not well-defined) and statistically significant associations occurring due 

to chance (multiple statistical tests and no Bonferroni correction). 

RESULTS 

Adverse effect outcomes [20] 

Response to wind turbine noise outdoors or indoors, proportion of respondents (n=708) according to 5-dB(A) 
sound level intervals. 

 Predicted A-weighted sound pressure levels, dB(A)a 

 <30 30–35 35–40 40–45 >45 
Outdoors, n 178 213 159 93 65 
 Do not notice 75 [68,81] 46 [40,53] 21 [16,28] 13 [8,21] 8 [3,17] 
 Notice, not annoyed 20 [15,27] 36 [30,43] 41 [34,49] 46 [36,56] 58 [46,70] 
 Slightly annoyed 2 [1,6] 10 [7,15] 20 [15,27] 23 [15,32] 22 [13,33] 
 Rather annoyed 1 [0,4] 6 [4,10] 12 [8,18] 6 [3,13] 6 [2,15] 
 Very annoyed 1 [0,4] 1 [0,4] 6 [3,10] 12 [7,20] 6 [2,15] 
Indoors, n 178 203 159 93 65 
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 Do not notice 87 [81,91] 73 [67,79] 61 [53,68] 37 [28,47] 46 [35,58] 
 Notice, not annoyed 11 [7,17] 15 [11,20] 22 [16,29] 31 [22,31] 38 [28,51] 
 Slightly annoyed 1 [0,4] 8 [5,12] 9 [6,15] 16 [10,25] 9 [4,19] 
 Rather annoyed 0 [0,2] 3 [1,6] 4 [2,8] 6 [3,13] 5 [2,13] 
 Very annoyed 1 [0,4] 1 [0,4] 4 [2,8] 10 [5,17] 2 [0,8] 

Values are % [95% CI] unless otherwise specified. 
a These are the intervals as reported by the authors. Note that the intervals are not mutually exclusive. 
 

Distributions of possible confounding factors in relation to 5-dB(A) sound level intervals, proportion of respondents 
(n=725) per sound level interval 

Predicted A-weighted sound pressure levels, dB(A)a 

 <30 30–35 35–40 40–45 >45 
 n=185 n=219 n=162 n=94 n=65 
Economic benefits, % 2 3 10 34 67 
Situational parameters, % 
 Wind turbines visible 35 60 90 89 100 
 Rural area 36 30 46 43 52 
 Rural area with main road 27 32 36 38 46 
 Built-up area 37 38 17 19 2 
Subjective variables, % [95% CI] 
 Noise sensitive 36 [29,43] 25 [19,31] 31 [24,38] 31 [22,41] 23 [15,35] 
 Negative attitude to turbines 10 [7,16] 14 [10,19] 19 [13,25] 17 [11,26] 9 [4,19] 
 Negative visual attitude 33 [26,40] 36 [30,43] 45 [37,52] 39 [30,49] 20 [12,41] 

Values are % [95% CI] unless otherwise specified. 
a These are the intervals as reported by the authors. Note that the intervals are not mutually exclusive. 

Results of logistic regression models using response variables ‘do not notice/notice’ and ‘not annoyed/annoyed’ 
(exposure variable ‘sound pressure level’ and situational factors were used as independent variables, n=680) 

 Estimate (B)a SEb p value Exp(b)c 

Do not notice vs notice 
(H-L)d (p=0.721) 
 Sound pressure level, dB(A) 0.17 0.022 <0.001 1.2 
 Economic benefit (no/yes) –0.04 0.376 0.911 1.0 
 Visibility (no/yes) 1.40 0.214 <0.001 4.1 
 Area type (reference: rural) 
 Rural with main road –0.74 0.231 <0.01 0.5 
 Built-up –0.18 0.240 0.451 0.8 

Not annoyed vs annoyed 
(H-L)d (p=0.199) 
 Sound pressure level, dB(A) 0.13 0.027 <0.001 1.1 
 Economic benefit (no/yes) –2.77 0.665 <0.001 0.1 
 Visibility (no/yes) 2.62 0.740 <0.001 13.7 
 Area type (reference: rural) 
 Rural with main road –1.07 0.372 <0.01 0.3 
 Built-up 0.65 0.321 <0.05 1.9 

a  Coefficients of the independent variables in the logistic regression. 
b  Standard errors of the coefficients. 
c  The exponential function of the coefficients of the independent variables in the logistic regression, which corresponds to the 

odds ratio. 
d  Hosmer-Lemeshow goodness-of-fit test; p value >0.05 indicates that there is no statistically significant difference between 

the modelled and observed data. 
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Correlations between sound pressure levels, response (5-point scale from ‘do not notice’ to ‘very annoyed’) and 
subjective variablesa 

 1 2 3 4 
1. Sound pressure level, dB(A) NA NR NR NR 
2. Response (5-point scale) 0.51b NA NR NR 
3. Noise sensitivity (5-point scale) –0.01 0.14b NA NR 
4. General attitude (5-point scale) –0.03 0.24b 0.14b NA 
5. Visual attitude (5-point scale) –0.01 0.29b 0.26b 0.65b 

a Spearman’s rank correlation test 
b p<0.001 
Abbreviations: NA = not applicable; NR = not reported 
 

Results of logistic regression model with response variables ‘not annoyed/annoyed’, the exposure variable ‘sound 
pressure level’ and individual factors as independent variables (n=670) 

 Estimate (B)a SEb p value Exp(b)c 

Not annoyed vs annoyed 
(H-L)d (p=0.977) 
Sound pressure level, dB(A) 0.10 0.025 <0.001 1.1 
Noise sensitivity (5-point scale) 0.35 0.138 <0.05 1.4 
General attitude (5-point scale) 0.54 0.172 <0.01 1.7 
Visual attitude (5-point scale) 1.04 0.215 <0.001 2.8 

a Coefficients of the independent variables in the logistic regression. 
b Standard errors of the coefficients. 
c The exponential function of the coefficients of the independent variables in the logistic regression, which corresponds to the 

odds ratio. 
d Hosmer-Lemeshow goodness-of-fit test; p value >0.05 indicates that there is no statistically significant difference between 

the modelled and observed data. 

Exposure group [21] 

See ‘Adverse effect 

outcomes’ [20]. 

 

Control group [22]  

NA 

Measure of effect / 

effect size [23]  

95% CI [25] 

See ‘Adverse effect 

outcomes’ [20]. 

Harms (NNH) [24] 

95% CI [25] 

See [20]—although no 

health effects reported. 

Public health importance (1–4) [26] 

Unable to determine as per NHMRC criteria. 

Relevance (1–5) [27] 

5 

Comments [28]  

This study was cross-sectional in design. Annoyance was considered, but it is not a health outcome and it is 

uncertain whether it is associated with stress which may be a mediating variable for health. The study has limited 

capacity to inform the assessment of wind turbine noise as a cause of adverse health effects. 

 

  

Exhibit A4-2c

Page 209 of 296
 

014348



 

210 

 

ARTICLE DETAILS        Study NL-07 

Reference [1]  

Van den Berg, G, Pedersen, E, Bouma, J & Bakker, R 2008, Project WINDFARM perception: visual and acoustic 

impact of wind turbine farms on residents, University of Groningen, FP6-2005-Science-and-Society-20, Specific 

Support Action, Project no. 044628. 

Affiliation/source of funds [2] 

Faculty of Mathematics and Natural Sciences, University of Groningen; Department of Public Health and Community 

Medicine, Göteborg University; Science Shop for Medicine and Public Health, University Medical Centre Groningen; 

Northern Centre for Health Care Research, University Medical Centre Groningen. 

 

Funded by the European Union. 

Study design [3]  

Cross-sectional study. 

Level of evidence [4]  

IV 

Location/setting [5]  

Rural and urban settings in The 

Netherlands with flat topography; 

rural environments were classified 

according to whether or not a major 

road was located within 500 m of the 

closest wind turbine. 

Proximity/distance: 

Study population sampled from 

addresses within 2.5 km of a wind 

turbine with a second turbine <500 m 

from the first turbine. 

Exposure description [6] 

Wind farm details:  

Turbine number within proximity of any given residence 

surveyed, n≥2; the two closest turbines were required to 

have nominal electric power ≥500 kW, but additional 

turbines were included in analysis regardless of power 

output. 

Specific exposure details:  

Sound pressure in A-weighted decibels (dB(A))a outside 

residences averaged over time with 8 m/s downwind; 

range = 21–54 dB(A), mean = 35 dB(A). 

Frequency range of sound not reported; i.e., exposure 

profile in terms of audible noise versus infrasound not 

analysed. 

a Sound power levels collected from reports by consultancies, 

manufacturers and local authorities, or, where data were 

unavailable (older/smaller machines), the sound power level of 

a turbine with the same dimensions and electrical output was 

used; propagation of sound from turbines was calculated in 

Control(s) description [8] 

No non-exposed groups were included in the study. 

A distribution of different sound level exposures was 

included (see ‘Specific exposure details’ and ‘Population 

characteristics’).  

 

Sample size [9]  

See ‘Population characteristics’. 

 

Survey sample selected from addresses provided by 

Land Registry Office – for each subgroup either a 

random sample was selected or all addresses that 

matched postcodes within 2.5 km of selected wind 

turbines. Subgroups were: rural area, rural area with a 

major road, densely populated built-up area. 
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accordance with the ISO standard model (see ISO 1996, 

‘Attenuation of sound during propagation outdoors. Part 2: 

General method of calculation', ISO 9613-2, International 

Organization for Standardization, Geneva). 

Sample size [7]  

Total, n=1948; respondents, n=725; non-respondents, 

n=1223; response rate 37%. 

 

Population characteristics [10] 

 Estimated sound pressure level, in dB(A) 

<30 30–35 36–40 41–45 >45 Total 

Study sample, n 491 589 421 250 197 1948 

Respondents, 

n (%) 

Built-up area 

Rural with 

main road 

Rural without 

main road 

Total 

 

 

68 (37) 

 

50 (27) 

 

67 (36) 

185 (38) 

 

 

84 (38) 

 

70 (32) 

 

65 (30) 

219 (37) 

 

 

28 (17) 

 

59 (38) 

 

75 (47) 

162 (38) 

 

 

18 (19) 

 

36 (38) 

 

40 (43) 

94 (38) 

 

 

1 (2) 

 

30 (46) 

 

34 (52) 

65 (33) 

 

 

199 (23) 

 

245 (36) 

 

281 (41) 

725 (100) 

Age, mean 

(years) 

NR NR NR NR NR 51 

Sex, % male NR NR NR NR NR 51 
 

Length of follow-up [11]  

NA (cross-sectional study design) 

Outcome(s) measured and/or analyses undertaken 

[12]  

(a) psychological distress as determined by self-

administered General Health Questionnaire (GHQ-12) 

[validated];  

(b) chronic disease and a range of specific health states 

(see ‘Results’), stress and sleep quality as per non-

validated survey constructed by van den Berg et al.;  

(c) relationship between turbine sound exposure and self-

reported health states (including chronic disease) 

considered at (b);  

(d) annoyance due to visual factors and vibration. 
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INTERNAL VALIDITY  

Confounding subscale [13] 

Comment on sources of confounding: 

Few details on characteristics of participating population 

were reported. Adjustments made for influence of age, 

gender, education, employment, terrain, type of dwelling, 

urbanisation, economic benefit from turbines, background 

noise, noise sensitivity, attitude to turbines and turbine 

visibility. Findings may be partly explained by differences 

in levels of background sound between rural and urban 

areas. Covariates varied between analyses. Plausible 

confounders that were not addressed included 

socioeconomic status, chronic disease and risk factors 

for chronic disease, and occupation. 

 

Bias subscale [14] 

Comment on sources of bias: 

High potential for sample selection bias due to low 

response rate. It is uncertain whether participants were 

effectively masked regarding the purpose of the survey 

(recall bias). Equal weight was given to questions 

regarding other environmental factors but it is unclear 

whether study intent was known, leading to the possibility 

of responder bias (conscious or unconscious). Non-

responder analysis conducted but only on 95 of the 200 

randomly selected non-responders (non-

responders=1223), so may not be representative. 

EXTERNAL VALIDITY 

Generalisability [15]  

Survey mailed to a sample of households within 2.5 km 

of wind turbines; potential for differences between the 

total population living near the included wind farms and 

those that responded to questionnaire. 

Applicability [16]  

Unknown whether the population characteristics and the 

wind turbine exposures of those living near wind farms in 

The Netherlands are comparable to those living near 

wind farms in Australia. 

Reporting subscale [17] 

Comment on quality of reporting: 

Main deficit is that information was not provided on characteristics of non-responders. Overall, though, reporting of 

study results in the full report was good. 

Chance [18] 

Statistical adjustments for undertaking multiple statistical tests were not reported. 

Overall quality assessment (descriptive) [19] 

On the basis of the Internal Validity assessment made above, and the detailed critical appraisal of the study given in 

Table 7, this study is considered poor quality for the purpose of this review. 

There was some adjustment for potential confounding, although a few plausible confounders were not addressed. 

There is potential for recall bias and outcome misclassification due to uncertainty in the effectiveness of masked study 

intent and inclusion of non-standard survey questions, respectively. There is a high risk of exposure misclassification 

(time criterion was not well-defined), sample selection bias (37% response rate) and statistically significant 

associations occurring due to chance (multiple statistical tests and no Bonferroni correction). 
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RESULTS 

Adverse effect outcomes [20] 

 Self-reported health and sleep in relation to estimated sound pressure level. 

 Estimated sound pressure level, in dB(A) 

<30 30–35 36–40 41–45 >45 Total 

Chronic disease (n=717), % 32 25 25 18 15 25 

Diabetes (n=725), % 4 4 4 2 3 4 

High blood pressure (n=725), % 9 13 9 6 2 9 

Tinnitus (n=725), % 4 3 1 1 2 2 

Hearing impairment (n=725), % 4 6 3 3 2 4 

Cardiovascular disease (n=725), % 6 7 8 1 0 6 

Migraine (n=725), % 4 2 2 1 0 2 

GHQ-12 score (n=656), mean±SD 3.2±2.78 3.1±2.66 3.8±2.91 3.8±2.81 3.6±2.76 3.4±2.79 

Stress score (n=656), mean±SD 0.1±1.04 –0.1±0.93 0.1±0.9 0.0±0.91 –0.1±1.02 0.0±0.0 

Sleep quality 

 Difficulty falling asleep a (n=710), % 

Interrupted sleep a (n=718), % 

 

36 

 

 

21 

 

31 

 

 

26 

 

28 

 

 

26 

 

32 

 

 

26 

 

16 

 

 

28 

 

30 

 

 

25 

a At least once a month. 

Relationship between estimated sound exposure and self-reported health states including chronic disease (logistic 

regression) for all respondents.  
Note: these results comprise part of the data shown in results tables for Pedersen et al. (2009) (excluding migraine), which 

adjusted for age, sex and economic benefits. 

 Odds ratio  95% CI 

Chronic disease: 0.98 [0.95, 1.01] 

Diabetes 1.00 [0.92, 1.09] 

High blood pressure 1.01 [0.96, 1.06] 

Tinnitus 0.94 [0.85, 1.04] 

Hearing impairment 1.01 [0.94, 1.10] 

Cardiovascular disease 0.98 [0.91, 1.05] 

Migraine 0.93 [0.83, 1.04] 
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Annoyance due to visual factors and vibration for all respondents (not stratified by sound exposure group.) 

 Blinking 

shadows 

indoors 

Moving 

shadows 

outdoors 

Movement of 

rotor blades 

Changed view Vibrations 

Respondents annoyed, 

n (%) 

 Slightly 

Rather 

Very 

Total annoyed 

 

 

75 (11) 

20 (3) 

19 (3) 

114/669 (17) 

 

 

63 (9) 

15 (2) 

23 (4) 

101/665 (15) 

 

 

70 (10) 

30 (5) 

27 (4) 

127/667 (19) 

 

 

91 (14) 

48 (7) 

42 (6) 

181/665 (27) 

 

 

18 (3) 

4 (1) 

3 (0) 

25/638 (4) 

Frequency of 

annoyance, n (%) 

 Almost never 

≥Once in past year 

≥Once per month 

≥Once per week 

Almost daily 

Total 

 

 

529 (80) 

44 (7) 

38 (6) 

30 (5) 

23 (3) 

663 (100) 

 

 

520 (79) 

43 (7) 

37 (6) 

27 (4) 

32 (5) 

659 (100) 

 

 

498 (76) 

31 (5) 

27 (4) 

26 (4) 

73 (11) 

665 (100) 

 

 

442 (68) 

46 (7) 

29 (4) 

22 (3) 

113 (17) 

652 (100) 

 

 

615 (96) 

9 (1) 

7 (1) 

7 (1) 

6 (1) 

644 (100) 
 

Exposure group [21]  

See ‘Adverse effect 

outcomes’ [20]. 

Control group [22]  

NA 

Measure of effect / effect 

size [23]  

95% CI [25] 

See [20]. 

Harms (NNH) [24]  

95% CI [25] 

See [20]. 

Public health importance (1–4) [26]  

Ranked 3 for overall chronic disease outcome. Ranked 3 

or 4 for health outcomes taken singly. 

Relevance (1–5) [27]  

1 

Comments [28]   

This study was cross-sectional in design. This does not permit any conclusions regarding causation between health 

outcomes and noise exposure from turbines; that is, it is unknown whether the self-reported health outcomes occurred 

prior to or after exposure. Health outcomes did not appear related to estimated sound exposure. Annoyance was 

considered, but it is not a health outcome and it is uncertain whether it is associated with stress which may be a 

mediating variable for health. The study has limited capacity to inform the assessment of wind turbine noise as a 

cause of adverse health effects. 
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Ontario, Canada, study 

 ARTICLE DETAILS       

Reference [1]  

Krogh, CME, Gillis, L, Kouwen, N & Aramini, J 2011, 'WindVOiCe, a self-reporting survey: adverse health 

effects, industrial wind turbines, and the need for vigilance monitoring’, Bulletin of Science, Technology & 

Society, vol. 31(4), pp. 334–345. 

Affiliation/source of funds [2]  

Killaloe, Flesherton, University of Waterloo, Waterloo and Intelligent Health Solutions, Fergus, Ontario, 

Canada. 

Study design [3]  

Cross-sectional study 

Level of evidence [4]  

IV 

Location/setting [5]  

Residents in five project areas in 

Ontario, Canada, where adverse 

health effects had been 

anecdotally reported: 

Melancthon Phase 1 and 2 

(Shelburne), Canadian Hydro 

Wind Developers (Shelburne), 

Kingsbridge 1 Wind Power 

(Goderich), Kruger Energy Port 

Alma (Port Alma), Ripley Wind 

Power (Ripley), Enbridge Ontario 

Wind Farm (Kincardine) and Erie 

Shores Wind Farm (Port Burwell). 

 

Proximity/distance: 

Distance to nearest wind turbine 

was divided into four groups based 

on natural break-points among the 

participants: 350–499 m, 500–699 

m, 700–899 m, and 900–2400 m. 

Exposure description [6] 

Wind farm details sourced from: 

<http://en.wikipedia.org/wiki/List_of_wind_farms_in_C

anada>  

Melancthon Phase 1 and 2 (Amaranth), commenced 

operation in March 2006 

133 General Electric SLE 1.5-MW turbines, sited in a 

farming community 

Turbine height = 80 m 

Rotor diameter = 77 m 

Kingsbridge 1 Wind Power (Goderich), commenced 

Control(s) description [8] 

No non-exposed groups were included in the study. 

Sample size [9]  

See ‘Population characteristics’.  
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operation in March 2006 

22 Vestas V80 1.8-MW turbines, sited on the 

southeast shore of Lake Huron 

Turbine height = 78 m 

Rotor diameter = 80 m 

Kruger Energy Port Alma (Port Alma), commenced 

operation in November 2008 

44 Siemens 2.3-MW Mark II turbines, sited on the 

north shore of Lake Erie 

Turbine height = 80 m 

Rotor diameter = 82.5 m 

Ripley Wind Power (Ripley), commenced operation in 

December 2007 

38 Enercon E-82 2.0-MW turbines, sited along the 

shore of Lake Huron 

Turbine height = 79 m 

Rotor diameter = 82 m 

Enbridge Ontario Wind Farm (Kincardine), 

commenced operation in August 2008 

110 Vestas V82 1.65-MW turbines, sited along the 

shore of Lake Huron  

Turbine height = 80 m 

Rotor diameter = 82 m 

Erie Shores Wind Farm (Port Burwell), commenced 

operation in April 2006  

66 General Electric SLE 1.5-MW turbines, sited along 

the shore of Lake Erie 

Turbine height = 80 m 

Rotor diameter = 77 m 

Specific exposure details: 

Not reported. 

Sample size [7]  

A Health Survey Contact Flyer was distributed by 

Canada Post and hand-delivered by volunteers to 

mailboxes in the areas where the wind turbines were 

located. 

n=103 respondents; 6 were excluded; 4 were under 

18 years of age and 2 were much further away (5 km) 

than the remaining respondents (350–2400 m). 

Respondents were divided into subgroups according 

to distance from nearest wind turbine: 

24% adults living mean 428 m (range 350–490 m) 

from nearest wind turbine 

23% adults living mean 587 m (range 500–67 m) from 
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nearest wind turbine 

30% adults living mean 769 m (range 700–808 m) 

from nearest wind turbine 

17% adults living mean 1154 m (range 900–2400 m) 

from nearest wind turbine 

Population characteristics [10] 

Exposure group: 

n=103 respondents; mean age = 52 years (range 18–83); female = 52%.  

Control group(s): 

None. 

Length of follow-up [11]  

NA (cross-sectional study). 

Length of exposure: 

Wind farms commenced operation between March 

2006 and November 2008 (see details above). 

Survey started in March 2009. 

Outcome(s) measured and/or analyses 

undertaken [12]  

Health outcomes measured by self-reporting survey. 

INTERNAL VALIDITY  

Confounding subscale [13] 

Comment on sources of confounding:  

Few details on participant characteristics and none 

for non-responders. Only gender was taken into 

account for some analyses. Many other plausible 

confounders not addressed ie economic factors, age, 

chronic disease and risk factors for chronic disease, 

occupation, education, employment, terrain, 

urbanisation, background noise, and turbine visibility. 

 

Bias subscale [14] 

Comment on sources of bias:  

The intent of the study was not masked from survey 

recipients (recall bias). Sampling area was chosen 

because adverse health effects had been reported 

there (sample selection bias). Possible clustering by 

household as multiple adults from same household 

were able to respond (sample selection bias). 

EXTERNAL VALIDITY 

Generalisability [15]  

Potential for differences between the total population 

living near the included wind farms and those that 

participated in the survey. 

Applicability [16] 

Uncertain whether the population characteristics and 

the wind turbine exposures of those living near wind 

farms in Ontario, Canada, are applicable to those 

living near wind farms in Australia. 

Reporting subscale [17] 

Comment on quality of reporting: No reporting on participant characteristics (except age and gender of all 

participants), or on the characteristics of non-responders. No reporting on survey response rate. 

Chance [18]  

The possibility of spurious significant associations arising by chance cannot be excluded as multiple statistical 
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tests were conducted. 

Overall quality assessment (descriptive) [19]  

On the basis of the Internal Validity assessment made above, and the detailed critical appraisal of the study 

given in Table 7, this study is considered poor quality for the purpose of this review. 

There is potential for sample selection bias as the response rate was not reported. The outcomes were 

patient-relevant but not reliably measured. There is a high risk of exposure misclassification (time and 

personal characteristics criteria were not well-defined), recall bias (study intent not masked), outcome 

misclassification (non-validated survey questions), confounding and statistically significant associations 

occurring due to chance (multiple statistical tests and no Bonferroni correction). 

RESULTS 

Adverse effect outcomes 

[20] 

 

 

 

 

 

 

 

 
 

Altered quality of life 

Altered health 

Disturbed sleep  

Excessive tiredness 

Increased headaches 

Migraines 

Hearing problems 

Tinnitus 

Heart palpitations 

Stress 

Anxiety 

Depression 

Distress 

Approached doctor 

Exposure group [21] 

 

 

 

 

 

 
 

Mean distance from turbine: 

Subgroups:   Total: 

428 m 587 m 769 m 1154 m 707 m 

96% 96% 100% 94% 97% 

93% 96% 87% 82% 90% 

78% 78% 60% 59% 69% 

89% 83% 63% 71% 76% 

74% 65% 60% 41% 62% 

22% 13% 13% 0% 13% 

22% 57% 27% 41% 35% 

59% 61% 33% 41% 56% 

26% 39% 33% 37% 34% 

74% 57% 70% 76% 69% 

52% 57% 40% 65% 52% 

44% 48% 33% 41% 41% 

74% 61% 73% 82% 72% 

37% 39% 49% 35% 38% 

Control 

group [22]  

Nil 

 

Measure of 

effect / effect 

size [23]  

95% CI [25]  

p (Fisher’s 

exact) 

p = 1.00 

p = 0.19 

p = 0.08 

p = 0.03 

p = 0.10 

p = 0.24 

p = 0.67 

p = 0.42 

p = 0.68 

p = 0.52 

p = 0.68 

p = 0.41 

p = 0.38 

p = 1.00 

Harms 

(NNH) [24] 

95% CI 

 

NC 

 

 

 

Public health importance (1–4) [26]  

Cannot be determined based on NHMRC criteria. 

Relevance (1–5) [27] 

1 

Comments [28]  

Nearly all respondents suffered from altered quality of life and/or altered health. However, this study was 

cross-sectional in design and so does not permit any conclusions regarding causation between health 

outcomes and noise exposure from turbines; that is, it is unknown whether the self-reported health outcomes 

occurred prior to or after exposure.  
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It is unknown how many people were approached but did not respond to the survey. It is possible that those 

suffering no ill effects did not respond to this survey as it required contacting the WindVOiCe survey team to 

participate. The only statistically significant difference between groups near and far from the turbines was 

excessive tiredness. Although not statistically significant (and an unadjusted analysis), the number of people 

suffering from self-reported headaches, migraines and sleep disturbances had a linear relationship with 

distance from nearest wind turbine. The number of people suffering from self-reported tinnitus also decreased 

if living further from, as opposed to closer to, the nearest turbine.  

The study has limited capacity to inform the assessment of wind turbine noise as a cause of adverse health 

effects. 
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Australian study 

 ARTICLE DETAILS        

Reference [1]  

Morris, M 2012. ‘Waterloo Wind Farm survey’. Available at: <http://www.wind-watch.org/news/>. 

Affiliation/source of funds [2]  

‘Mid North Wind Farm Awareness’ member. 

Study design [3]  

Cross-sectional survey 

Level of evidence [4] 

 IV 

Location/setting [5]  

Waterloo Wind Farm, North Mount 

Lofty Ranges, South Australia. 

Proximity/distance: 

Within 10 km. 

Exposure description [6] 

Wind farm details, sourced from: 

<http://en.wikipedia.org/wiki/Wind_power_in_South_

Australia#Waterloo_Wind_Farm_.28111_MW.29>  

and 

<http://www.energyaustralia.com.au/about-us/what-

we-do/generation-assets/waterloo-wind-farm>  

37 turbines (Vestas V90-3.0 MW) sited on a ridgeline 

Turbine height = 80 m 

Rotor diameter = 90 m 

Specific exposure details: 

Typical noise exposure range not reported. 

 

Sample size [7]  

n=230 households received an anonymous survey  

Responders in 0–10 km range: 

n=93 households, n=270 residents 

Response rate = 40%. 

Subgroup in 0–5 km range: 

n=41 households, n=92 residents 

Control(s) description [8] 

No non-exposed groups were included in the study. 

Participation determined by distance from wind 

turbines (0–10 km), with a subgroup of participants 0–

5 km from turbines. 

 

Sample size [9]  

NA 

Population characteristics [10] 

Exposure group: 

Households within approximately 10 km of the Waterloo Wind Farm, SA. 

Control group(s): 

None. 
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Length of follow-up [11]  

NA 

Length of exposure: 

Wind farm commenced operation in October 2010. 

Survey conducted in April 2012. 

Outcome(s) measured and/or analyses 

undertaken [12]  

Annoyed by flickering, disturbed sleep, affected by 

noise (includes: cannot get to sleep, get woken up, 

cannot get back to sleep, wake up in a panic, wake 

up in a sweat, broken/disturbed sleep, ear pain/ear 

pressure/tinnitus, headache, nausea, had to move 

away to get sleep, high blood pressure when wake 

up, ears hurt which makes sleep difficult). 

INTERNAL VALIDITY  

Confounding subscale [13] 

Comment on sources of confounding:  

No details on responder characteristics or plausible 

confounders e.g. socioeconomic status, economic 

factors, age, gender, chronic disease and risk factors 

for chronic disease, occupation, education, 

employment, urbanisation, background noise, wind 

turbine visibility and terrain. 

Bias subscale [14] 

Comment on sources of bias:  

There was no clear definition of what ‘affected by 

noise’ included. Self-reporting survey, hence no 

independent confirmation of claimed adverse effects. 

Differences between responders and non-responders 

were not assessed. Study intent was not masked for 

survey recipients. 

EXTERNAL VALIDITY 

Generalisability [15]  

Survey distributed to all households within proximity 

of a wind farm / wind turbines. 

 

Applicability [16] 

Survey conducted in Australia. 

Reporting subscale [17] 

Comment on quality of reporting:  

There was no clear description of main outcomes, participant characteristics, exposure level or any differences 

between responders and non-responders. 

Chance [18]  

No data analysis. 

Overall quality assessment (descriptive) [19]  

On the basis of the Internal Validity assessment made above, and the detailed critical appraisal of the study 

given in Table 7, this study is considered poor quality for the purpose of this review. 

There is a high risk of exposure misclassification (time and personal characteristics criteria were not well-

defined), recall bias (study intent not masked), sample selection bias (40% response rate), confounding (no 

statistical adjustments were made), and outcome misclassification (non-validated survey questions). 
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RESULTS 

Adverse effect 

outcomes [20] 

Distance from turbine: 

Disturbed sleep 

Seriously affected 

Moderately affected 

Exposure group [21] 

 
0–10 km (all responders) 

27/93 (29%) 

7/44 (16%) 

17/44 (39%) 

Subgroup [22] 

 
0–5 km (subgroup) 

16/41 (39%) 

6/25 (24%) 

10/25 (40%) 

Measure of 

effect / effect 

size [23] 

95% CI [25] 

NC 

Harms (NNH) 

[24] 

95% CI [25] 

NC 

Public health importance (1–4) [26] 

Not able to determine from the NHMRC criteria. 

Relevance (1–5) [27] 

5  

Comments [28] 

The study was quasi-scientific and of poor quality. The study design, poor execution and analysis prevent any 

firm conclusions from being drawn. The study has limited capacity to inform the assessment of wind turbine 

noise as a cause of adverse health effects. 
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Maine, USA study 

ARTICLE DETAILS        

Reference [1]  

Nissenbaum, M, Aramini, J & Hanning, C 2012, 'Effects of industrial wind turbine noise on sleep and health’, 

Noise & Health, vol. 14, pp. 237–243. 

Affiliation/source of funds [2]  

Northern Maine Medical Center, Fort Kent, Maine, USA; Intelligent Health Solutions Inc., Fergus, Ontario 

Canada; University Hospitals of Leicester, Leicester, UK. 

Study design [3]  

Cross-sectional study. 

Level of evidence [4]  

IV 

Location/setting [5]  

Residences of Mars Hill and 

Vinalhaven, Maine, USA. 

Proximity/distance: 

Exposed residences located within 

1.5 km of nearest industrial wind 

turbine; control residences were 

located 3–7 km from nearest 

turbine. 

Exposure description [6] 

Wind farm details: 

Mars Hill site 

28 General Electric 1.5-MW turbines, sited on a 

ridgeline. 

Vinalhaven site 

Cluster of 3 turbines of similar specification to Mars 

Hill site, sited on a flat tree covered island. 

Specific exposure details: 

Mars Hill full power measurements were derived from 

a four-season study. 

Vinalhaven measurements taken in February 2010, 

during moderate-to-variable northwest winds with 

turbines at less than full power: 

 Mars Hill Vinalhaven 

Distance from turbine   

 Measured noise Measured noise 

 LAeq,1 hour (range)  LAeq,1 hour (range) 

366 49 (47–52) 46 (38–49) 

595  41 (39–49) 

640 44 (40–47) 

762 43 (41–46) 

869  38 (32–41) 

Control(s) description [8] 

See ‘Proximity/distance’ for details; whether this 

control group can be considered truly unexposed is 

uncertain as criteria for the present review do not 

specify a cut-off for exposure by distance, and this 

group may alternatively be considered as ‘partially 

exposed’. 

Sample size [9]  

n=41 adult (>18 years of age) respondents among 41 

adults identified to be living within 3–7 km from 

nearest turbine 

n=25 living around Mars Hill 

n=16 living around Vinalhaven. 

Response rate = not reported. 
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1037 41 (39–45) 

1082  36 (34–43) 

1799 37 (32–43) 

Sample size [7]  

n=38 adult (>18 years of age) respondents among 65 

adults identified to be living within 1.5 km of nearest 

turbine 

n=23 adults living mean 805 m (range 390 –1400 m) 

from Mars Hill 

n=15 adults living mean 771 m (range 375–1000 m) 

from Vinalhaven. 

Response rate = 58%. 

Population characteristics [10] 

 Distance range from turbines 

 Exposure group (near) Control group (far) 

Distance (m) from nearest 

turbine, mean (range) 

601 (375–750) 964 (751–1400) 4181 (3300–5000) 5800 (5300–6600) 

Sample size, n 18 20 14 27 

Household clusters, n 11 12 10 23 

Age, years (mean) 50 57 65 58 

Male, n (%) 10 (55.6) 12 (60) 7 (50) 11 (40.7) 
 

Length of follow-up [11]  

NA (cross-sectional study). 

Length of exposure: 

Mars Hill commenced operation in March 2007. 

Vinalhaven commenced operation in December 2009. 

Survey conducted in March–July 2010. 

Outcome(s) measured and/or analyses undertaken 

[12]  

Sleep quality as determined by the Epworth 

Sleepiness Scale (ESS) and Pittsburgh Sleep Quality 

Index (PSQI); health as per responses to physical and 

mental health components of the Short Form (36) 

Health Survey, version 2 (SF-36v2). Questionnaires 

are validated. 
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INTERNAL VALIDITY  

Confounding subscale [13] 

Comment on sources of confounding:  

Few details on participant characteristics and none for 

non-responders.  

Confounders taken into account included age, gender, 

site and household clustering. The impact of economic 

benefit from turbines was not controlled for despite the 

authors acknowledging that residents of Mars Hill and 

Vinalhaven benefited financially from wind farms in 

their area. Turbine visibility was not taken into account 

in the analysis. Other plausible confounders also not 

addressed e.g. socioeconomic status, chronic disease 

and risk factors for chronic disease, occupation, 

education, employment, terrain, urbanisation and 

background noise. 

 

Bias subscale [14] 

Comment on sources of bias:  

It was not possible to mask participants to their 

exposure level to turbine noise but the intent of the 

survey was also not masked (recall bias). 58% 

response rate in exposed group (sample selection 

bias). The possibility of confounding due to differences 

in the distribution of economically benefiting residents 

in the ‘near’ and ‘far’ groups cannot be excluded. 

EXTERNAL VALIDITY 

Generalisability [15]  

Approached all adults identified as living in close 

proximity to the wind farms for intervention group. 

Applicability [16] 

Uncertain whether the population characteristics and 

the wind turbine exposures of those living near wind 

farms in Mars Hill and Vinalhaven in Maine, USA, are 

applicable to those living near wind farms in Australia. 

Reporting subscale [17] 

Comment on quality of reporting: 

Overall good reporting except for participant characteristics such as general state of health, previous 

depression, anxiety or sleep problems and the characteristics of non-responders. 

Chance [18]  

The possibility of spurious significant associations arising by chance cannot be excluded as multiple statistical 

tests were conducted. 

Overall quality assessment (descriptive) [19]  

Although exposure ascertainment was partly directly measured and there was good reporting of some study 

characteristics and adjustment for potential confounders, other plausible confounders were not measured or 

adjusted and the study intent was not masked. Outcome misclassification was less of a problem due to the use 

of validated instruments/scales. There is, therefore, a high risk of recall bias, sample selection bias, 

confounding, statistically significant associations occurring due to chance and exposure misclassification.  

For further critical appraisal of the study, see Table 7. 
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RESULTS Harms (NNH) [24] 95% CI 

 See [20]. 

Adverse effect 

outcomes [20] 

 

 

 
 

PSQI, mean  

n (%) PSQI score >5 

 

ESS, mean  

n (%) ESS score >10 

 

Mean worse sleep 

post turbines  

score (1–5 scale)  

n (%) improved sleep 

away from turbines 

n (%) new sleep 

medications post 

turbines 

 

n (%) new diagnosis 

of insomnia 

n (%) new diagnosis 

of depression or 

anxiety 

n (%) prescribed new 

psychotropic 

medications post 

turbines 

SF-36 MCSa, mean 

SF-36 PCSb, mean 

n (%) wishing to move 

away post turbines 

a Mental component 

score 
b Physical component 

score 

Exposure group [21] 

(near) 

Mean distance from 

turbine: 

Subgroups: Total: 

601 m 964 m 792 m 

8.7 7.0 7.8 

14/18 11/20 25/38 

(77.8%) (55.0%) (65.8%) 

7.2 8.4 7.8 

3/18 6/20 9/38 

(16.7%) (30.0%) (23.7%) 

 

 

3.2 3.1 3.1 

9/14 5/14 14/28 

(64.3%) (35.7%) (50.0%) 

 

2/18 3/20 5/38 

(11.1%) (15.0%) (13.2%) 

   

  2/38 

  (5.3%) 

 

  9/38 

  (23.7%) 

 

 

  9/38 

  (23.7%) 

 

40.7 43.1 42.0 

NR 

14/18 14/20 28/38 

(77.8%) (70.0%) (73.7%) 

Control group [22] 

(far) 

Mean distance from turbine: 

 

Subgroups: Total: 

4181 m 5800 m 5248 m 

6.6 5.6 6.0 

8/14 10/27 18/41 

(57.1%) (37.0%) (43.9%) 

6.4 5.3 5.7 

2/14 2/27 4/41 

(14.3%) (7.4%) (9.8%) 

 

 

1.2 1.4 1.3 

1/11 1/23 2/34 

(9.1%) (4.3%) (5.9%) 

 

1/14 2/27 3/41 

(7.1%) (7.4%) (7.3%) 

   

  0/41 

  (0%) 

 

  0/41 

  (0%) 

 

 

  3/41 

  (7.3%) 

 

50.7 54.1 52.9 

NR 

0/14 0/27 0/41 

(0%) (0%) (0%) 

Measure of effect / 

effect size [23]  

95% CI [25]  

 

Results for total 

group differences 

p = 0.046 

RR = 1.50 (0.99, 2.27) 

p = 0.075 

p = 0.032 

RR = 2.43 (0.81, 7.23) 

p = 0.131 

 

 

p <0.0001 

 

RR = 8.5 (2.11, 34.3) 

p <0.0001 

 

RR = 1.80 (0.46, 7.02) 

p = 0.47 

RR not calculable 

p = 0.23 

 

RR not calculable 

p = 0.001 

 

 

RR = 3.24 (0.94, 11.1) 

p = 0.06 

 

p = 0.002 

no difference, p = 0.99 

RR not calculable 

p <0.0001 

Public health importance (1–4) [26]  

PSQI score  2 

ESS score 2 

Improved sleep away from turbine  1 

New sleep medication 2 

New medication (psychotropic) 2 

Relevance (1–5) [27]  

1 
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Comments [28]  

Although there were statistically significant differences in the mean scores for the 2 sleep questionnaires and 

the mental health component of the SF-36 questionnaire, there was no statistically significant difference in the 

overall number of people affected between the near and far groups. The cross-sectional design of the study and 

the way it has been executed/analysed means that there is a high risk of recall bias, sample selection bias, 

confounding, statistically significant associations occurring due to chance and exposure misclassification. The 

study has limited capacity to inform the assessment of wind turbine noise as a cause of adverse health effects.  
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New Zealand study 

ARTICLE DETAILS        

Reference [1]  

Shepherd, D, McBride, D, Welch, D, Dirks, KN & Hill, EM 2011, 'Evaluating the impact of wind turbine noise on 

health-related quality of life', Noise & Health, vol. 13, no. 54, pp. 333–339. 

Affiliation/source of funds [2]  

Auckland University of Technology, New Zealand, University of Otago, New Zealand, and The University of 

Auckland, New Zealand. 

Study design [3]  

Cross-sectional 

Level of evidence [4]  

IV 

Location/setting [5]  

Makara Valley, New Zealand; hilly 

terrain with long ridges 250–450 m 

above sea level. 

Proximity/distance: 

Exposed participants in dwellings 

(n=56 homes) <2 km from the 

nearest wind turbine; non-exposed 

controls resided (n=250 homes) 

≥8 km from a turbine. 

Exposure description [6] 

Wind farm details: 

66 turbines (Siemens SWT-2.3-82 VS) 

Turbine height = 125 m 

Rotor diameter = 82 m 

Specific exposure details: 

Typical noise exposure range = 24–54 dB(A). 

Sample size [7]  

Each household received 2 questionnaires, generating 

a sample of ≈112, with 39 respondents and response 

rate = 34% (sample is approximate because only 

individuals aged >18 years could respond). 

Control(s) description [8] 

Socioeconomic and geographic matched sample 

differing from the exposure group only by distance 

from wind turbines (≥8 km). 

Sample size [9]  

≈500, with 158 respondents and response rate = 32% 

(further details as per exposed group sample size). 

 

Population characteristics [10] 

 Exposure group (near), n=39 Control group (far), n=158 

Variables n (%) n (%) 

Sex, n (%) male 16 (41) 63 (41) 

Age group, years 

 18–20 1 (2.6) 2 (1.2) 

 21–30 1 (2.6) 1 (0.5) 

 31–40 5 (12.8) 22 (13.9) 

 41–50 10 (25.6) 53 (33.5) 

 51–60 11 (28.2) 44 (27.8) 
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 61–70 7 (17.9) 27 (17.1) 

 ≥71 3 (7.7) 9  (5.6) 

Education (completed) 

 High school 11 (28.2) 55 (34.8) 

 Polytechnic 11 (28.2) 48 (30.3) 

 University 17 (43.6) 54 (34.2) 

Employment status 

 Full time 21 (53.8) 83 (52.5) 

 Part time 0 (0) 3 (1.8) 

 Unpaid work 1 (2.6) 3 (1.8) 

 Unemployed 6  (15.3) 27 (17.1) 

 Retired 10 (25.6) 40 (25.3) 

Noise sensitivity 

 None 13 (33.3) 60 (37.9) 

 Moderate 21 (55.3) 76 (48.1) 

 Severe 5 (12.8) 20 (12.7) 

Current illness 

 Yes 10  (27) 50  (31.6) 

 No 27 (69.2) 104 (65.8) 

Length of follow-up [11]  

NA (cross-sectional study). 

Outcome(s) measured and/or analyses undertaken 

[12]  

Quality of life as determined by self-administered brief 

version of the World Health Organization (WHO) 

quality of life (WHOQOL-BREF) scale (26 items) 

[validated], plus additional questions on amenity (2 

items), neighbourhood problems (14 items), 

annoyance (7 items), demographic information (7 

items) and a single item probing noise sensitivity. 

INTERNAL VALIDITY  

Confounding subscale [13] 

Comment on sources of confounding: 

Unequal distribution of some baseline characteristics 

between ‘near’ and ‘far’ groups, although not 

statistically significant. Socioeconomic and geographic 

matching undertaken and adjustment by length of 

residence. Unclear whether there was any clustering 

effect of responses as two questionnaires delivered to 

each household. Other plausible confounders not 

addressed ie age, education, chronic disease and risk 

factors for chronic disease, occupation, employment, 

background noise, and turbine visibility. 

 

Bias subscale [14] 

Comment on sources of bias: 

EXTERNAL VALIDITY 

Generalisability [15]  

Survey sample members were either within 2 km of a 

turbine (exposed) or more than 8 km from a turbine 

(non-exposed); potential for differences between the 

total population living near the included wind farms 

and those that responded to questionnaire. 

Applicability [16]  

Unknown whether the population characteristics and 

the wind turbine exposures of those living near wind 

farms in New Zealand are comparable to those living 

near wind farms in Australia. 
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Very poor response rate for both turbine and 

comparison groups, and it is unclear whether self-

selection could have introduced any selection bias in 

terms of important differences between the two 

groups—although study intent was masked. 

Reporting subscale [17] 

Comment on quality of reporting: 

Good. 

Chance [18]  

Statistical adjustments for undertaking multiple statistical tests were reported (Bonferroni correction). 

Overall quality assessment (descriptive) [19] 

On the basis of the Internal Validity assessment made above, and the detailed critical appraisal of the study 

given in Table 7, this study is considered poor quality for the purpose of this review. 

There is a high risk of exposure misclassification (time criterion was not well-defined), sample selection bias 

(~34% response rate), and confounding. There is also the potential for outcome misclassification (some non-

validated survey questions) and recall bias (unclear if masking of study intent was effective). 

RESULTS 

Adverse effect outcomes [20] 

Pearson product-moment correlation coefficients (r) for noise-related and QoL variables. Statistics to the right of 
the major diagonal are for the control group, while those to the left are for the exposure group. 

     QoL 

 Sensitivity Annoyance Sleep Health Physical Psychological Social Environment Overall 

Sensitivity 1 0.134 –0.017 0.082 –0.017 –0.069 0.006 –0.666 –0.109 

Annoyance 0.440b 1 0.042 –0.258b –0.209a –0.135 –0.155a –0.319b –0.097 

Sleep –0.433b –0.147 1 0.337b 0.378b 0.489b 0.327b 0.279b 0.198a 

Health –0.234 –0.308 0.471b 1 0.706b 0.493b 0.158b 0.284b 0.327b 

Physical –0.24 –0.212 0.364a 0.524b 1 0.655 b 0.29b 0.455b 0.475b 

Psychological –0.404 –0.113 0.473b 0.329a 0.268 1 0.55b 0.608 b 0.589b 

Social –0.359 –0.236 0.116 –0.021 0.036 0.212 1 0.456b 0.45 b 

Environment –0.235 0.028 0.404b 0.200 0.474 0.468a –0.17 1 0.546b 

Overall –0.203 0.160 0.471b 0.289 0.282 0.286 0.162 0.380a 1 

QoL = quality of life 

a p<0.05  
b p<0.001 
c Questionnaire item 16 (satisfaction with sleep) was removed from the Physical QoL domain when correlated with sleep 

satisfaction 
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Mean statistics for the four QoL domains of the WHOQOL-BREF total scores. 

 

Measure, mean±SD 

 

Exposure group 

 

Control group 

p value, between-

group difference 

 Physical 27.38±3.14 29.14±3.89 0.017 

 Psychological 22.36±2.67 23.29±2.91 0.069 

 Social 12.53±1.83 12.54±2.13 0.963 

 Environmental 29.92±3.76 32.76±4.41 0.018 

 Amenity 7.46±1.42 8.91±2.64 <0.001 

QoL=quality of life, SD=standard deviation 

Physical domain: maximum score of 35; psychological domain: maximum score of 30; social domain: maximum score of 
15; environmental domain: maximum score of 40. Amenity domain was added to the questionnaire by the authors. 

Exposure group [21]  

See ‘Adverse effect outcomes’ [20]. 

Control group 

[22]  

See ‘Adverse 

effect outcomes’ 

[20]. 

Measure of effect / 

effect size [23]  

95% CI [25]  

See [20]. 

Harms (NNH) [24]  

95% CI [25]  

See [20]. 

Public health importance (1–4) [26] 

Physical QoL: rank of 4 

Psychological QoL: rank of 4 

Social QoL: rank of 4 

Relevance (1–5) [27] 

1 

Comments [28]  

This study was cross-sectional in design. This does not permit any conclusions regarding causation between 

health outcomes and noise exposure from turbines; that is, it is unknown whether the self-reported health 

outcomes occurred prior to or after exposure. Even though important QoL endpoints were selected, the 

differences between groups are small and potentially attributable to factors other than wind turbine exposure, 

given the lack of adjustment for other plausible confounders. 

The study has limited capacity to inform the assessment of wind turbine noise as a cause of adverse health 

effects. 
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SWE-00 study 

ARTICLE DETAILS        

Reference [1]  

Pedersen, E & Persson Waye, KP 2004, 'Perception and annoyance due to wind turbine noise: a dose–

response relationship', Journal of the Acoustical Society of America, vol. 116, no. 6, pp. 3460–3470. 

Affiliation/source of funds [2]  

Department of Environmental Medicine, Göteborg University, Göteborg, Sweden. 

Funded through grant P13644-1 from the Swedish Energy Agency and Adlerberska Research Foundation. 

Study design [3]  

Cross-sectional study  

Level of evidence [4]  

IV 

Location/setting [5]  

Five areas within a 22-km2 region 

of southern Sweden. 

Landscape predominantly flat and 

mainly agricultural, but with small 

industries, roads and railroads 

present. 

Proximity/distance: Distance 

from dwelling of respondent to 

nearest turbine, range = 150–

1199 m 

Exposure description [6] 

Wind farm details:  

14 towers within the study areas had a power output 

of 600–650 kW, 2 towers had outputs of 500 kW 

and 150 kW. 

Tower height, range = 47–50 m. 

Turbine make: 13 WindWorld, 2 Enercon, 1 Vestas. 

Specific exposure details:  

A-weighted (dB(A)) sound pressure levels due to 

turbines were estimated based on sound propagation 

models and calculated for each respondent’s 

dwelling, grouped by 6 categories: <30.0, 30.0–32.5, 

32.5–35.0, 35.0–37.5, 37.5–40.0 and >40.0 dB(A). 

Sample size [7]  

Total = 513; respondents, n=351; non-respondents, 

n=162; response rate 68%. 

Control(s) description [8]  

No non-exposed groups were included in the study. 

Responder characteristics across different types of 

environmental exposure were reported (see ‘Specific 

exposure details’). 

Sample size [9] 

See ‘Population characteristics’. 

Population characteristics [10] 

Exposure group: 
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Estimated A-weighted sound pressure intervals in dB(A)a 

 <30.0 30.0–32.5 32.5–35.0 35.0–37.5 37.5–40.0 >40.0 Total 

Study sample, n 25 103 200 100 53 32 513 

Respondents, n 15 71 137 63 40 25 351 

Response rate, % 60 68.9 68.5 63 75.5 78.1 68.4 

Age, mean±SD 46±13.3 47±13.3 47±14.3 50±14.6 48±13.1 48±14.3 48±14.0 

Sex, % male 27 35 39 50 50 48 42 

Residence, detached 

house/farm % 100 83 61 100 97 96 81 

Occupation, 

% employed 67 59 58 53 69 67 60 

Sensitive to noise, 

% 62 44 49 53 58 50 50 

Negative toward 

turbines, % 8 10 11 18 20 8 13 

Negative to turbine 

visual impact, % 43 33 38 41 40 58 40 

Long term illness, 

% 20 29 28 16 30 24 26 

a These are the intervals as reported by the authors. Note that the intervals are not mutually exclusive. For further details 

regarding the utility/relevance of results included in this paper, see ‘Outcomes measured’. 

Abbreviations: SD = standard deviation 

Length of follow-up [11]  

NA (cross-sectional study) 

Outcome(s) measured and/or analyses 

undertaken [12] 

Perception and annoyance due to wind turbine sound 

across the nominated estimated sound categories. 

Influence of subjective factors on annoyance (visual 

impact, attitude to turbines, noise sensitivity). 

Correlations between turbine noise annoyance, 

sound category and subjective variables (as above). 

Correlations between noise annoyance and verbal 

descriptors of noise (swishing, whistling, pulsating/ 

throbbing, resounding, low frequency, 

scratching/squeaking, tonal, and lapping).  

INTERNAL VALIDITY  

Confounding subscale [13] 

Comment on sources of confounding: 

Analyses adjusted for some sources of confounding 

(age, gender, noise sensitivity, visual impact, attitude 

to turbines – covariates varied across analyses) but 

other plausible confounders not addressed i.e. 

socioeconomic status, economic factors, chronic 

disease and risk factors for chronic disease, 

occupation, education, employment, terrain, 

EXTERNAL VALIDITY 

Generalisability [15] 

Survey delivered to a sample of households within 

~1.2 km of wind turbines; potential for differences 

between the total population living near the included 

wind farms and those that responded to 

questionnaire. 

Applicability [16] 

Uncertain whether the population characteristics and 
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urbanisation and background noise. 

 

Bias subscale [14] 

Comment on sources of bias: 

Individuals experiencing more annoyance would have 

a higher tendency to fill in or return a questionnaire; 

therefore, potential for sample selection bias. 32% of 

people who received a survey did not respond. 

Masking of study intent was attempted but it is 

unknown whether it was successful (recall bias). 

the wind turbine exposures of those living near 

selected Swedish wind farms are applicable to 

populations near wind farms in Australia. 

Reporting subscale [17] 

Comment on quality of reporting: Good reporting of responder demographics according to sound exposure 

groups, although the characteristics of non-responders were not reported. The study did not report on 

economic benefits from wind turbines. 

Chance [18]  

Bonferroni corrections were used to reduce the possibility of spurious significant associations arising by 

chance as multiple statistical tests were conducted. 

Overall quality assessment (descriptive) [19] 

On the basis of the Internal Validity assessment made above, the lack of reporting of health outcomes, and the 

detailed critical appraisal of the study (see Table 7), this study is considered poor quality for the purpose of 

this review. 

There is a high risk of exposure misclassification (time criterion was not well-defined), uncertain sample 

selection bias (68% response rate), outcome misclassification (non-validated survey) and confounding. There 

is also the potential for recall bias (unclear if masking of study intent was effective). 

RESULTS 

Adverse effect outcomes [20] 

Perception and annoyance outdoors (%) from wind turbine noise related to sound exposure.  

Estimated sound pressure intervals in dB(A) 

 <30.0 30.0–32.5 32.5–35.0 35.0–37.5 37.5–40.0 >40.0 
 n=12 n=70 n=132 n=62 n=40 n=25 
Do not notice 75 [51,100] 61 [50,73] 38 [30,46] 15 [3,23] 15 [4,26] 4 [19,57] 
Notice, not annoyed 25 [1,50] 24 [14,34] 28 [20,36] 47 [34,59] 35 [20,50] 40 [19,57] 
Slightly annoyed 0 14 [6,22] 17 [10,23] 26 [15,37] 23 [10,35] 12 [19,57] 
Rather annoyed 0 0 10 [5,15] 6 [0,13] 8 [–1,16]a 8 [19,57] 
Very annoyed 0 0 8 [3,12] 6 [0,13] 20 [8,32] 36 [17,55] 

Note: Values are % [95% CI] unless otherwise specified. 
a Reproduced as per reported in study. This is evidently in error, as a negative percentage is not possible. The interval 

could plausibly be [1,16]. 

Results of multiple logistic regression analyses—impact of predictors on annoyance. 

 Variables b p value Exp(b) [95% CI] Pseudo-R2 
1 Noise exposure 0.63 <0.001 1.87 [1.47,2.38] 0.13 
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2 Noise exposure 0.55 <0.001 1.74 [1.29,2.34] 0.46 
 Attitude to 
 visual impact 1.62 <0.001 5.05 [3.22,7.92] NR 
3 Noise exposure 0.62 <0.001 1.86 [1.45,2.40] 0.20 
 Attitude to turbines 0.56 <0.001 1.74 [1.30,2.33] NR 
4 Noise exposure 0.63 <0.001 1.88 [1.46,2.42] 0.18 
 Sensitivity to noise 0.56 <0.001 1.75 [1.19,2.57] NR 
5 Noise exposure 0.55 <0.001 1.73 [1.28,2.33] 0.46 
 Attitude to 
 visual impact 1.66 <0.001 5.28 [3.26,8.56] NR 
 Attitude to turbines –0.10 0.319 0.91 [0.64,1.28] NR 
6 Noise exposure 0.57 <0.001 1.77 [1.30,2.40] 0.47 
 Attitude to 
 visual impact 1.59 <0.001 4.88 [3.08,7.72] NR 
 Sensitivity to noise 0.22 0.344 1.25 [0.79,1.96] NR 
7 Noise exposure 0.63 <0.001 1.88 [1.45,2.45] 0.24 
 Attitude to turbines 0.58 <0.001 1.78 [1.32,2.41] NR 
 Sensitivity to noise 0.59 <0.005 1.80 [1.22,2.67] NR 
8 Noise exposure 0.56 <0.001 1.76 [1.29,2.39] 0.47 
 Attitude to 
 visual impact 1.63 <0.001 5.11 [3.10,8.41] NR 
 Attitude to turbines –0.10 0.597 0.91 [0.64,1.29] NR 
 Sensitivity to noise 0.21 0.373 1.23 [0.78,1.94] NR 

Correlations between noise annoyance, estimated sound category (dB(A)) and subjective variables 

 Sound Attitude to Attitude to Sensitivity 
 category visual impact turbines to noise 
Noise annoyance 0.421 0.512 0.334 0.197 
Sound category NA 0.145 0.074 0.069 
Attitude to visual impact NR NA 0.568 0.194 
Attitude to turbines NR NR NA 0.023 
Sensitivity to noise NR NR NR NA 

Bold text indicates statistically significant. 

Verbal descriptors of sound characteristics of turbine noise for those that noticed turbine sound (n=223) 

 Annoyed by specified sound Correlation to 
 character, % respondents [95% CI] noise annoyance 
Swishing 33 [27,40] 0.718 
Whistling 26 [18,33] 0.642 
Pulsating/throbbing 20 [14,27] 0.450 
Resounding 16 [10,23] 0.485 
Low frequency 13 [7,18] 0.292 
Scratching/squeaking 12 [6,17] 0.398 
Tonal 7 [3,12] 0.335 
Lapping 5 [1,8] 0.262 

Bold text indicates statistically significant. 
Abbreviations: NR = not reported; NA = not applicable 
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Exposure group [21]  

See ‘Adverse effect 

outcomes’ [20]. 

Control group [22]  

NA 

Measure of effect / 

effect size [23] 

95% CI [25] 

See [20]. 

Harms (NNH) [24]  

95% CI [25] 

NR—health outcomes 

not reported. 

Public health importance (1–4) [26] 

Unable to determine according to NHMRC ranking 

criteria. 

Relevance (1–5) [27] 

5 

Comments [28]  

The cross-sectional study design cannot provide evidence of cause and effect, and, although exploration of 

potential sources of confounding was done, there were some potential confounders that were not addressed. 

Results may be affected by recall bias, although attempts were made to mask study intent. Health outcomes 

were not reported. The study has limited capacity to inform the assessment of wind turbine noise as a cause 

of adverse health effects. 
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SWE-05 study 

ARTICLE DETAILS        

Reference [1]  

Pedersen, E & Persson Waye, K 2007, 'Wind turbine noise, annoyance and self-reported health and well-

being in different living environments', Occupational and Environmental Medicine, vol. 64, no. 7, pp. 480–486. 

Affiliation/source of funds [2]  

Occupational and Environmental Medicine, Sahlgrenska Academy, Göteborg University, Göteborg, Sweden. 

Funded through grant P2005-04699 by the Swedish Energy Agency. 

Study design [3]  

Cross-sectional study. 

Level of evidence [4]  

IV 

Location/setting [5]  

Seven wind turbine areas in 

Sweden representing different 

landscapes with regard to terrain 

and urbanisation. 

Proximity/distance: 

Mean, 780±233 m 

Exposure description [6] 

Wind farm details: 

Wind turbines with nominal power >500 kW (authors 

reported that some turbines with nominal power 

<500 kW were included for analysis). 

Tower height >65 m. 

Specific exposure details: 

Sound pressure levels (SPL) collected from reports 

by consultancies, manufacturers and local authorities, 

or, where data were unavailable, older/smaller 

machines. Noise emission was estimated outside 

each respondent’s residence. The standard model of 

sound propagation proposed by the Swedish 

Environmental Protection Agency was used to 

estimate A-weighted SPL in decibels (dB), based on 

downwind conditions (±45°) with wind speed 8 m/s at 

height 10 m. SPL divided into 5 categories: <32.5, 

32.5–35.0, 35.0–37.5, 37.5–40.0 and >40.0 dB(A). 

Turbine area types included Areas I–IV where ground 

was rocky and/or the altitude of the base of the wind 

turbines varied; and Areas V–VII, which were flat. 

Areas I, IV and VII were classified as suburban, 

Areas II, III, V and VI as rural. 

Sample size [7]  

Control(s) description [8] 

No non-exposed groups were included in the study. 

A distribution of participant characteristics across 

different environmental exposures was included (see 

‘Specific exposure details’); however, these 

classifications do not coincide with the different sound 

pressure levels considered and no analysis based on 

these subgroups was presented. 

Sample size [9]  

See ‘Population characteristics’. 
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Respondents, n=754; non-respondents, n=555; 

response rate = 58%. 

Population characteristics [10] 

Exposure group: 

 I II III IV V VI VII Total 

Sample, n 396 24 23 221 148 112 385 1309 

Respondents, n 206 16 12 141 87 70 222 754 

Age, years 52±15 51±18 54±15 52±14  49±16 49±15 51±15 51±15 

Sex, % male 40 53 58 47 48 38 46 44 

Occupation, 

 % employed 54 33 58 57 61 58 62 58 

 % retired 28 53 33 24 22 21 23 25 

Housing type, 

 % detached 70 93 100 70 89 93 82 79 

Time in current 

dwelling, years 14±14 16±10 16±15 15±13 15±15 15±16 16±12 15±13 

Distance to nearest 

turbine, m 862±184 636±254 670±284 812±151 834±266 1014±245 605±160 780±233 

Sound pressure 

level, dB(A) 31.4±2.3 38.2±4.7 33.8±4.5 33.2±1.4 34.6±3.2 31.9±2.3 35.0±2.9 33.4±3.0 

Visual angle, 

degrees 3.5±0.9 10.8±3.9 8.4±4.3 2.5±0.4 2.7±1.3 3.6±1.7 3.8±0.8 3.5±1.7 

Respondents with ≥1 

turbine visible, % 64 75 67 60 91 88 71 71 

Respondents noise 

sensitive, % 54 50 42 59 39 56 48 51 

Self-rated health, % 

chronic disease 36 33 67 35 21 26 32 33 

Self-rated sleep, 

% not good 9 0 0 6 5 4 5 6 

Values are mean±SD unless otherwise indicated 

Length of follow-up [11]  

NA (cross-sectional design). 

Outcome(s) measured and/or analyses 

undertaken [12]  

No data from the subgroup analysis based on 

different categories of noise levels could be extracted; 

however, a later study (Pedersen 2011) contains data 

on relevant endpoints for the same study population 

considered here.  

The outcomes reported in this study were: perception 

of noise and annoyance with noise. 
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INTERNAL VALIDITY  

Confounding subscale [13] 

Comment on sources of confounding: 

Analysis adjusted for age and sex and multiple 

other factors (see ‘Results’) but it is unknown if 

confounding due to economic benefit occurred. 

Findings could be partly due to differences between 

rural and urban areas in terms of background noise, 

which is not an exposure of interest. Other plausible 

confounders not addressed were: chronic disease 

and risk factors for chronic disease, occupation and 

education. 

Bias subscale [14] 

Comment on sources of bias: 

Study intent was masked, but unclear how 

effectively and so whether recall bias has affected 

results.  

EXTERNAL VALIDITY 

Generalisability [15] 

Overall mean distance from wind turbines ~800 m; 

potential for differences between the total population 

living near the included wind farms and those that 

responded to questionnaire (58% response rate). 

Applicability [16] 

Uncertain whether the population characteristics and 

the wind turbine exposures of those living near Swedish 

wind farms are comparable to populations near wind 

farms in Australia. 

Reporting subscale [17] 

Comment on quality of reporting: 

Good reporting of responder demographics according to sound exposure groups, although baseline health 

was not considered (cross-sectional design), nor the characteristics of non-responders. The study did not 

report on economic benefits from wind turbines. 

Chance [18] 

There was the possibility of spurious significant associations because of the multiple statistical analyses 

undertaken. 

Overall quality assessment (descriptive) [19]  

There was good reporting of study characteristics and adjustment for potential confounders, and attempts to 

reduce recall bias through masking study intent. There are still concerns regarding plausible confounders not 

being controlled. Health outcomes were not reported. There was the possibility of spurious significant 

associations with annoyance because of the multiple statistical analyses undertaken. Unclear whether there is 

sample selection bias, given the moderate response rate. High risk of outcome misclassification as the survey 

tool was not validated. The study was of poor quality for the purpose of this review. 

For further critical appraisal of the study, see Table 7. 

RESULTS 

Adverse effect outcomes [20] 

Association between perception of noise from wind turbines, dependent variable ‘Do not notice’ (n=457) or 
‘Notice’ (n=307) and variables hypothesised to influence perception. 

Sound pressure, dB(A) Other variables hypothesised to influence perception  
 Variable of interest (ref; tested category)a OR [95% CI] 

1.3 [1.26,1.41] Age (years; +1 year) 1.0 [0.99,1.01] 
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1.3 [1.26,1.41] Sex (male; female) 1.0 [0.83,1.16] 
1.3 [1.26,1.41] Employment (employed; not employed) 0.7 [0.48,0.91] 
1.3 [1.26,1.41] Housing (apartment; detached house) 1.6 [1.04,2.33] 
1.3 [1.24,1.40] Terrain (complex; flat) 1.1 [0.81,1.56] 
1.3[1.25,1.41] Urbanisation (suburban; rural) 1.8 [1.25,2.51] 
1.3 [1.24,1.41] Terrain and urbanisation  
  Suburban & flat ground (n=222) 1.0 
  Suburban & complex ground (n=347) 1.0 [0.65,1.48] 
  Rural & flat ground (n=157) 1.6 [1.01,2.53] 
  Rural & complex ground (n=28) 4.8 [1.65,13.72] 
1.3 [1.22,1.38] Subjective background noise (not quiet; quiet) 1.8 [1.25,2.51] 
1.3 [1.22,1.37] Visibility (no; yes) 2.2 [1.47,3.18] 

Model 1bc (Hosmer and Lemshow test: 0.703) 
Sound pressure level, dB(A) 1.3 [1.21,1.39] 
Employment (employed; not employed) 0.6 [0.40,0.83] 
Terrain (complex; flat) 0.6 [0.38,0.97] 
Urbanisation (suburban; rural) 2.3 [1.34,3.88] 
Subjective background noise (not quiet; quiet) 2.6[1.72,3.95] 
Visibility (no; yes) 2.3 [1.51,3.47] 

Model 2bc (Hosmer and Lemshow test: 0.703) 
Sound pressure level, dB(A) 1.3 [1.21,1.39] 
Employment (employed; not employed) 0.6 [0.40,0.83] 
Terrain and urbanisation 
 Suburban & flat ground (n=222) 1.0 
 Suburban & complex ground (n=347) 1.6 [1.03,2.63] 
 Rural & flat ground (n=157) 2.2 [1.34,3.89] 
 Rural & complex ground (n=28) 13.8 [4.24,45.15] 
Subjective background noise (not quiet; quiet) 2.6 [1.72,3.95] 
Visibility (no; yes) 2.3 [1.51,3.47] 

a Variables were entered one by one into a binary logistic regression, always keeping sound pressure level in the 
regression as the main factor of importance for perception. 

b Models 1 and 2 comprise several variables simultaneously entered into a binary logistic regression. 
c Adjusted for age and sex. 

Association between annoyance with noise from wind turbines, dependent variable ‘Not annoyed’ (n=723) or 
‘Annoyed’ (n=31) and variables hypothesised to influence annoyance. 

Sound pressure, dB(A) Other variables hypothesised to influence annoyance 
 Variable of interest (ref; tested category)a OR [95% CI] 

1.1 [1.03,1.27] Age (years; +1 year) 1.0 [0.99,1.04] 
1.1 [1.02,1.26] Sex (male; female) 0.9 [0.50,1.64] 
1.1 [1.01,1.25] Employment (employed; not employed) 1.3 [0.61,2.60] 
1.1 [1.01,1.25] Housing (apartment; detached house) 2.5 [0.75,8.40] 
1.1 [1.01,1.25] Length of time in current dwelling (years; +1 year) 1.0 [1.00,1.05] 
1.1 [1.02,1.26] Terrain (complex; flat) 0.8 [0.39,1.76] 
1.1 [0.99,1.21] Urbanisation (suburban; rural) 3.8 [1.80,7.83] 
1.1 [0.98,1.23] Terrain and urbanisation  
  Suburban & flat ground (n=222) 1.0 
  Suburban & complex ground (n=347) 2.1 [0.63, 7.28] 
  Rural & flat ground (n=157) 5.2 [1.62, 16.65] 
  Rural & complex ground (n=28) 10.1 [2.46, 41.61] 
1.1 [0.91,1.21] Subjective background noise (not quiet; quiet) 3.6 [1.21, 10.67] 
1.1 [1.02,1.26] Noise sensitivity (not sensitive; sensitive) 2.5 [1.14,5.63] 
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1.1 [1.00,1.25] General attitude to turbines (not negative; negative) 13.4 [6.03,29.59] 
1.1 [1.00,1.25] Attitude to visual impact of turbines (not negative; negative) 14.4 [6.37,32.44] 
1.1 [1.01,1.25] ‘I live in a place where I can restore myself 
 and gain strength’ (disagree; agree) 0.3 [0.13,0.74] 
1.1 [1.01,1.25] ‘I have renovated my dwelling’ (no; yes) 2.6 [1.03,6.33] 
1.0 [0.88,1.16] Vertical visual angle (degrees; +1 degree) 1.2 [1.03,1.42] 
1.1 [0.97,1.21] Visibility (no; yes) 10.9 [1.46,81.92] 

a Variables were entered one by one into a binary logistic regression, always keeping sound pressure level in the 
regression as the main factor of importance for perception. 

Abbreviations: OR = odds ratio 

Exposure group [21]  

As per ‘Adverse effect 

outcomes’ [20]. 

Control group [22]  

NA 

Measure of effect / 

effect size [23]  

95% CI [25]  

See [20]. 

Harms (NNH) [24]  

95% CI [25] 

Health effects were not 

reported. 

Public health importance (1–4) [26] 

Cannot be determined according to NHMRC ranking 

criteria. 

Relevance (1–5) [27]  

5 

Comments [28]  

Health outcomes were not reported. Annoyance could lead to stress which is a potential mediating factor in 

adverse health but stress was not assessed. Cross-sectional design does not permit conclusions regarding 

cause and effect. Good attempt at controlling for confounding. The study has limited capacity to inform the 

assessment of wind turbine noise as a cause of adverse health effects. 
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SWE-00 vs SWE-05 study 

ARTICLE DETAILS       

Reference [1]  

Pedersen, E & Larsman, P 2008, 'The impact of visual factors on noise annoyance among people living in the 

vicinity of wind turbines', Journal of Environmental Psychology, vol. 28, no. 4, pp. 379–389. 

Affiliation/source of funds [2]  

Occupational and Environmental Medicine, Sahlgrenska Academy, Göteborg University, Sweden; Department 

of Psychology, Göteborg University, Sweden. 

Funded through grant P22509-1 by the Swedish Energy Agency. 

Study design [3]  

Analysis based on two cross-

sectional studies: 

1. Pedersen, E & Persson Waye, 

KP 2004, 'Perception and 

annoyance due to wind turbine 

noise: a dose–response 

relationship', Journal of the 

Acoustical Society of America, 

vol. 116, no. 6, pp. 3460–3470. 

2. Pedersen, E & Persson Waye, 

K 2007, 'Wind turbine noise, 

annoyance and self-reported 

health and well-being in 

different living environments', 

Occupational and 

Environmental Medicine, vol. 

64, no. 7, pp. 480–486. 

Level of evidence [4]  

IV 

Location/setting [5]  

12 geographical areas in southern 

Sweden that differed with regard 

to terrain (flat or hilly/rocky) and 

degree of urbanisation (built-up or 

rural). 

Proximity/distance:  

Pedersen & Persson Waye (2004): 

Distance from dwelling of 

respondent to nearest turbine, 

range = 150–1199 m. 

Pedersen & Persson Waye (2007): 

Mean, 780±233 m. 

Exposure description [6] 

Wind farm details: 

Pedersen & Persson Waye (2004) 

14 towers within the study areas had a power output 

of 600–650 kW, 2 towers had outputs of 500 kW and 

150 kW. 

Tower height, range = 47–50 m. 

Turbine make: 13 WindWorld, 2 Enercon, 1 Vestas. 

Pedersen & Persson Waye (2007) 

Wind turbines with nominal power >500 kW (authors 

reported that some turbines with nominal power 

<500 kW were included for analysis). 

Specific exposure details: 

Pedersen & Persson Waye (2004) 

Control(s) description[8]  

No non-exposed groups were included in the study. 

Outcomes were measured across different types of 

environmental exposure (see ‘Specific exposure 

details’).  

Sample size [9]  

See ‘Population characteristics’. 
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Estimated A-weighted (dB(A)) sound levels were 

based on sound propagation models calculating 

levels at each respondent’s dwelling, and these levels 

were grouped into 6 categories as shown at 

‘Population characteristics’. 

Pedersen & Persson Waye (2007) 

Sound power levels collected from reports by 

consultancies, manufacturers and local authorities, 

or, where data were unavailable, older/smaller 

machines. Noise emission was measured outside 

each respondent’s residence. The standard model of 

sound propagation proposed by the Swedish 

Environmental Protection Agency was used to 

estimate as equivalent continuous A-weighted sound 

pressure level in decibels (dB), based on downwind 

conditions (±45°) with wind speed 8 m/s at height 

10 m. 

Turbine area types included Areas I–IV, where 

ground was rocky and/or the altitude of the base of 

the wind turbines varied; and Areas V–VII, which 

were flat. Areas I, IV and VII were classified as 

suburban, Areas II, III, V and VI as rural. 

Sample size [7] 

Pedersen & Persson Waye (2004) 

Total = 513; respondents, n=351; non-respondents, 

n=162; response rate 68%. 

Pedersen & Persson Waye (2007) 

Total = 1309; respondents, n=754; non-respondents, 

n=555; response rate 58%. 

Population characteristics [10] 

Exposure group: 

In both individual studies, demographic characteristics were presented across different levels of sound 

pressure (Pedersen & Persson Waye 2004) and dwelling/topographic features (Pedersen & Persson Waye 

2007). The results of Pedersen (2008) were not reported according to the categories of exposure examined in 

the individual studies. 

Pedersen & Persson Waye (2004) 

 Estimated A-weighted sound pressure intervals in dB(A)a 

 <30.0 30.0–32.5 32.5–35.0 35.0–37.5 37.5–40.0 >40.0 Total 

Study sample, n 25 103 200 100 53 32 513 

Study population, n 15 71 137 63 40 25 351 

Response rate, % 60 68.9 68.5 63 75.5 78.1 68.4 

Age, mean±SD, years 46±13.3 47±13.3 47±14.3 50±14.6 48±13.1 48±14.3 48±14.0 

Sex, % male 27 35 39 50 50 48 42 
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Residence, detached 

house/farm % 100 83 61 100 97 96 81 

Occupation, 

% employed 67 59 58 53 69 67 60 

Sensitive to noise, % 62 44 49 53 58 50 50 

Negative toward 

turbines, % 8 10 11 18 20 8 13 

Negative to turbine 

visual impact, % 43 33 38 41 40 58 40 

Long-term illness, % 20 29 28 16 30 24 26 

a These are the intervals as reported by the authors. Note that the intervals are not mutually exclusive. For further details 

regarding the utility/relevance of results included in this paper, see ‘Outcomes measured’. 

Abbreviations: SD = standard deviation 

 

Pedersen & Persson Waye (2007) 

 I II III IV V VI VII Total 

Sample, n 396 24 23 221 148 112 385 1309 

Respondents, n 206 16 12 141 87 70 222 754 

Age, years 52±15 51±18 54±15 52±14  49±16 49±15 51±15 51±15 

Sex, % male 40 53 58 47 48 38 46 44 

Occupation, 

 % employed 54 33 58 57 61 58 62 58 

 % retired 28 53 33 24 22 21 23 25 

Housing type, 

 % detached 70 93 100 70 89 93 82 79 

Time in current 

dwelling, years 14±14 16±10 16±15 15±13 15±15 15±16 16±12 15±13 

Distance to nearest 

turbine, m 862±184 636±254 670±284 812±151 834±266 1014±245 605±160 780±233 

Sound pressure 

level, dB(A) 31.4±2.3 38.2±4.7 33.8±4.5 33.2±1.4 34.6±3.2 31.9±2.3 35.0±2.9 33.4±3.0 

Visual angle, 

degrees 3.5±0.9 10.8±3.9 8.4±4.3 2.5±0.4 2.7±1.3 3.6±1.7 3.8±0.8 3.5±1.7 

Respondents with ≥1 

turbine visible, % 64 75 67 60 91 88 71 71 

Respondents noise 

sensitive, % 54 50 42 59 39 56 48 51 

Self-rated health, % 

chronic disease 36 33 67 35 21 26 32 33 

Self-rated sleep, 

% not good 9 0 0 6 5 4 5 6 

Values are mean±SD unless otherwise indicated 

Length of follow-up [11]  

NA (cross-sectional study). 

Outcome(s) measured  and/or analyses 

undertaken [12]  

Three constructs of annoyance (due to noise, visual 
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attitude and general attitude). No health outcomes 

measured. 

INTERNAL VALIDITY  

Confounding subscale [13] 

Comment on sources of confounding: 

Confounding is a risk as the possibility of different 

distributions of economic benefit among the sound 

exposure groups was not analysed. 

Bias subscale [14] 

Comment on sources of bias: 

Recall bias cannot be excluded, although masking of 

study intent was attempted in both studies. 

EXTERNAL VALIDITY 

Generalisability [15] 

For both studies (i.e. Pedersen and Persson Waye 

2004, 2007), distance from wind turbines did not 

exceed 1.2 km; potential for differences between the 

total population living near the included wind farms 

and those that responded to questionnaire. 

Applicability [16] 

Uncertain whether the population characteristics and 

the wind turbine exposures of those living near 

selected Swedish wind farms are comparable to 

populations near wind farms in Australia. 

Reporting subscale [17]  

Comment on quality of reporting: 

Poor reporting of participant characteristics and background data for non-respondents was not provided. The 

demographic data provided in this table have been extracted from the studies detailed above, which form the 

basis of the re-analysis of data in Pedersen (2008). 

Chance [18]  

This study is a re-analysis of the original studies conducted by Pedersen and Persson Waye as published in 

2004 and 2007, and it is possible that spurious significant associations arose because of the multiple statistical 

analyses undertaken. 

Overall quality assessment (descriptive) [19]  

For further critical appraisal of the study, see Table 7. 

Detailed discussion of selection process. There is a high risk of exposure misclassification (time criterion was 

not well-defined), outcome misclassification (non-validated surveys), confounding and statistically significant 

associations arising by chance. There is also the potential for recall bias (unclear if masking of study intent 

was effective) and an uncertain risk of sample selection bias. 

RESULTS 

Adverse effect outcomes [20] 

Regression 

weights 

Exposure groups Difference between 

groupsa 

Estimate p value Estimate p value Difference p value 

At least one turbine 

visible group 

No turbines visible group  

Noise level → 

noise annoyance 

 

0.35 

 

<0.001 

 

0.29 

 

<0.01 

 

0.06 

 

<0.001 
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Visual attitude → 

noise annoyance 

 

0.59 

 

<0.001 

 

0.57 

 

<0.05 

 

0.32 

 

<0.05 

General attitude → 

noise annoyance 

 

–0.06 

 

0.375 

 

–0.35 

 

0.169 

 

NR 

 

NR 

 Flat terrain Rocky terrain   

Noise level → 

noise annoyance 

 

0.32 

 

<0.001 

 

0.29 

 

<0.001 

 

–0.02 

 

0.201 

Visual attitude → 

noise annoyance 

 

0.71 

 

<0.001 

 

0.57 

 

0.445 

 

NR 

 

NR 

General attitude → 

noise annoyance 

 

–0.16 

 

0.058 

 

–0.35 

 

0.191 

 

NR 

 

NR 

 Built-up area Rural area   

Noise level → 

noise annoyance 

 

0.42 

 

<0.001 

 

0.35 

 

<0.001 

 

0.01 

 

0.418 

Visual attitude → 

noise annoyance 

 

0.58 

 

<0.001 

 

0.57 

 

<0.001 

 

–0.03 

 

0.873 

General attitude → 

noise annoyance 

 

–0.15 

 

0.076 

 

–0.02 

 

0.867 

 

NR 

 

NR 

a Only calculated if the estimates were statistically significant. 

 

Annoyance due to noise: 

 Flat vs rocky terrain: noise levels had an effect on annoyance both for respondents living in both flat terrain 

and hilly/rocky terrain. 

 Built-up vs rural area: noise levels had an effect on annoyance both for respondents living in both built-up 

areas and rural areas. 

 Visibility of wind turbines from dwelling vs non-visibility: noise levels had an effect on annoyance for both 

groups, but the level of annoyance appeared stronger for the ‘visibility of wind turbines’ group. 

Regression coefficients from multiple linear regressions with the dependent variable ‘response to wind turbine 
noise’. 

 A-weighted sound pressure level Revised vertical visual angle 
 B [95% CI] B [95%CI]
 R2 

Wing turbines visible 0.12 [0.099,0.143] 0.01 [0.009,0.020]
 0.04 
Turbines not visible 0.06 [0.001,0.025] 0.00 [–0.002,0.008]
 0.14 

Flat terrain 0.13 [0.102,0.152] 0.03 [0.023,0.040]
 0.15 
Hilly/rocky terrain 0.13 [0.104,0.161] 0.00 [–0.001,0.008]
 0.20 

Built-up area 0.13 [0.103,0.150] 0.00 [–0.007,0.013]
 0.14 
Rural area 0.11 [0.078,0.145] 0.01 [0.003,0.016]

 0.14 
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Exposure group [21]  

See ‘Adverse effect 

outcomes [20]. 

Control group [22]  

NA 

Measure of effect / 

effect size [23]  

95% CI [25] 

See [20]. 

Harms (NNH) [24]  

95% CI [25] 

Health effects not 

reported. 

Public health importance (1–4) [26] 

Cannot be determined according to NHMRC ranking 

criteria. 

Relevance (1–5) [27]  

5 

Comments [28]  

Cross-sectional design cannot provide evidence of cause and effect. Health outcomes were not measured. 

The effects of visual and attitude factors on annoyance were considered; however, whether annoyance leads 

to adverse health outcomes has not been established. Economic benefit from wind turbines may influence 

annoyance, but this was not investigated. The study has limited capacity to inform the assessment of wind 

turbine noise as a cause of adverse health effects. 
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NL-07 vs SWE-00 vs SWE-05 study 

ARTICLE DETAILS     

Reference [1]  

Pedersen, E 2011, 'Health aspects associated with wind turbine noise: results from three field studies', 

Noise Control Engineering Journal, vol. 59, no. 1, pp. 47–53. 

a See individual studies for additional details not provided here: 

1. Pedersen, E & Waye, KP 2004, 'Perception and annoyance due to wind turbine noise: a dose–response 

relationship', Journal of the Acoustical Society of America, vol. 116, no. 6, pp. 3460–3470. 

2. Pedersen, E & Persson Waye, K 2007, 'Wind turbine noise, annoyance and self-reported health and 

well-being in different living environments', Occupational and Environmental Medicine, vol. 64, no. 7, pp. 

480–486. 

3. Pedersen, E, van den Berg, F, Bakker, R & Bouma, J 2009, 'Response to noise from modern wind farms 

in The Netherlands', Journal of the Acoustical Society of America, vol. 126, no. 2, pp. 634–643. 

Affiliation/source of funds [2] a 

Study design [3]  

Cross-sectional study. 

Level of evidence [4]  

IV 

Location/setting [5] Sweden; 

The Netherlands. 

Proximity/distance:a 

Exposure description [6] 

Wind farm details: a 

Specific exposure details: a 

Sample size [7]  

Total respondents with complete data across three 

studies, n=1661 (total number who received survey 

not reported a). 

Control(s) description [8] 

No non-exposed groups were included in the study. 

Responder characteristics across different types of 

environmental and/or noise exposure were reported; 

however, no analysis based on these subgroups was 

presented in Pedersen 2011 or the individual studies 

used for the analysis. 

Sample size [9]  

See ‘Population characteristics’. 

 

Population characteristics [10] 

Exposure group:  

Not reported. a 
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Length of follow-up [11]  

NA (cross-sectional study) 

Outcome(s) measured and/or analyses 

undertaken [12]  

(a) association between A-weighted sound pressure 

levels and self-reported health symptoms/responses 

including annoyance outdoors and indoors, sleep 

interruption, chronic disease (unspecified), diabetes, 

hypertension, cardiovascular disease, tinnitus, 

impaired hearing, headache, undue tiredness, 

tension and stress, and irritability;  

(b) association between annoyance outdoors due to 

wind turbine noise and the self-reported health 

symptoms listed at (a);  

(c) association between annoyance indoors due to 

wind turbine noise and self-reported health 

symptoms listed at (a). 

INTERNAL VALIDITY  

Confounding subscale [13] 

Comment on sources of confounding: 

Poor reporting of participant characteristics. No 

baseline health data were provided. Adjustment for 

age, sex and economic benefit was performed in NL-

07. Adjustment for age and sex in SWE-00 and 

SWE-05 results. Other plausible confounders not 

addressed ie chronic disease and risk factors for 

chronic disease, occupation, education, 

employment, terrain, urbanisation, background 

noise, and turbine visibility. 

 

Bias subscale [14] 

Comment on sources of bias: 

Sample selection bias is more likely with response 

rates below 70%, as was the case for all three of the 

studies. Self-report of outcomes so possibility of 

outcome misclassification. Uncertain success of 

masking of study intent, so there is potential for 

recall bias. 

EXTERNAL VALIDITY 

Generalisability [15]  

Potential for differences between the total population 

living near the included wind farms and those that 

responded to questionnaire. 

Applicability [16] 

Unknown whether the population characteristics and 

the wind turbine exposures of those living near wind 

farms in Sweden and The Netherlands are 

comparable to those living near wind farms in 

Australia. 

Reporting subscale [17] 

Comment on quality of reporting: 

Fair, as most aspects were addressed adequately, with the exception of baseline demographic 

characteristics. 
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Chance [18] 

There was the possibility of spurious significant associations because of the multiple statistical analyses 

undertaken. 

Overall quality assessment (descriptive) [19]  

On the basis of the Internal Validity assessment made on each of the individual studies, and the detailed 

critical appraisal of the studies given in Table 7, this re-analysis is considered poor quality for the purpose of 

this review. 

An individual quality assessment of the studies is given above. 

Good attempt to determine consistency of results between studies. 

RESULTS 

Adverse effect outcomes [20] 

Association between A-weighted sound pressure levels (independent, continuous variable) and variables 

measuring response and/or effect (dependent, binary variable) tested with logistic regression. 

 Study group 
 SWE-00a SWE-05a NL-07b 

 n=319–333c n=720–744c n=639–678c 

Self-reported symptoms 
 Annoyance outdoors 1.24 [1.13,1.36]d 1.14 [1.03,1.27] 1.18 [1.12,1.24] 
 Annoyance indoors 1.38 [1.20,1.57] 1.42 [1.17,1.71] 1.20 [1.13,1.27] 
 Sleep interruption 1.12 [1.03,1.22] 0.97 [0.90,1.05] 1.03 [1.00,1.07] 
 Chronic disease 0.97 [0.89,1.05] 1.01 [0.96,1.07] 0.98 [0.95,1.01] 
 Diabetes 0.96 [0.79,1.16] 1.13 [1.00,1.27] 1.00 [0.92,1.03] 
 High blood pressure 1.03 [0.90,1.17] 1.05 [0.97,1.13] 1.01 [0.96,1.06] 
 Cardiovascular disease 0.87 [0.68,1.10] 1.00 [0.88,1.13] 0.98 [0.91,1.05] 
 Tinnitus 1.25 [1.03,1.50] 0.97 [0.88,1.07] 0.94 [0.85,1.04] 
 Impaired hearing 1.09 [0.93,1.27] 1.05 [0.95,1.15] 1.01 [0.94,1.10] 
 Headache 0.95 [0.88,1.02] 1.04 [0.99,1.10] 1.01 [0.98,1.04] 
 Undue tiredness 0.95 [0.88,1.02] 0.98 [0.93,1.03] 1.02 [0.99,1.05] 
 Tense and stressed 1.02 [0.94,1.10] 1.00 [0.95,1.05] 1.01 [0.98,1.04] 
 Irritable 1.03 [0.96,1.11] 1.00 [0.96,1.06] 1.01 [0.98,1.04] 

Bold text indicates statistically significant association. 
a Adjusted for age and sex. 
b Adjusted for age, sex and economic benefits. 
c Range of number of respondents in the analyses. Differences in number of respondents are due to missing cases, 

that is, the respondents not answering single questions in the questionnaire. 
d [95% CI] 

Association between annoyance outdoors due to wind turbine noise (independent, continuous variable) and 

variables measuring response and/or effect (dependent, binary variable) tested with logistic regression. 

 Study group 
 SWE-00a SWE-05a NL-07b 

 n=319–333c n=720–744c n=658–672c 

Self-reported symptoms 
 Sleep interruption 2.26 [1.76,2.90]d 1.71 [1.35,2.17] 1.78 [1.49,2.14] 
 Chronic disease 0.90 [0.71,1.08] 0.90 [0.74,1.26] 0.98 [0.81,1.19] 
 Diabetes 0.69 [0.37,1.31] 0.71 [0.40,1.28] 1.70 [1.14,2.56] 

Exhibit A4-2c

Page 250 of 296
 

014389



 

251 

 

 High blood pressure 0.82 [0.55,1.22] 1.10 [0.84,1.45] 0.86 [0.64,1.17] 
 Cardiovascular disease 1.07 [0.58,1.98] 1.00 [0.64,1.55] 0.95 [0.65,1.38] 
 Tinnitus 1.55 [0.95,2.53] 0.88 [0.60,0.98] 0.82 [0.45,1.48] 
 Impaired hearing 1.03 [0.96,1.19] 0.78 [0.51,1.21] 1.13 [0.76,1.67] 
 Headache 1.24 [1.01,1.51] 1.04 [0.86,1.26] 1.25 [1.04,1.50] 
 Undue tiredness 1.22 [1.00,1.49] 1.12 [0.93,1.35] 1.10 [0.93,1.31] 
 Tense and stressed 1.25 [1.00,1.56] 1.22 [1.00,1.50] 1.27 [1.07,1.50] 
 Irritable 1.36 [1.10,1.69] 1.22 [1.00,1.49] 1.27 [1.07,1.50] 

Bold text indicates statistically significant association. 
a Adjusted for age, sex, and A-weighted sound pressure levels. 
b Adjusted for age, sex, A-weighted sound pressure levels, and economic benefits. 
c Range of number of respondents in the analyses. Differences in number of respondents are due to missing cases, 

that is, the respondents not answering single questions in the questionnaire. 
d [95% CI] 

Association between annoyance indoors due to wind turbine noise (independent, continuous variable) and 

variables measuring response and/or effect (dependent, binary variable) tested with logistic regression. 

 Study group 
 SWE-00a SWE-05a NL-07b 

 n=318–331c n=719–743c n=624–659c 

Self-reported symptoms 
 Sleep interruption 2.62 [1.90, 3.61]d 2.58 [1.79, 3.71] 2.03 [1.66, 2.47] 
 Chronic disease 0.93 [0.69, 1.25] 0.94 [0.68, 1.31] 1.05 [0.09, 1.28] 
 Diabetes 0.73 [0.30, 1.75] 0.59 [0.22, 1.59] 1.62 [1.10, 2.40] 
 High blood pressure 0.07 [0.36, 1.19]e 0.85 [0.52, 1.38] 0.83 [0.59, 1.16] 
 Cardiovascular disease 0.99 [0.46, 2.17] 0.97 [0.49, 1.94] 0.76 [0.47, 1.22] 
 Tinnitus 1.25 [0.77, 2.05] 0.57 [0.24, 1.33] 0.67 [0.28, 1.57] 
 Impaired hearing 1.14 [0.72, 1.79] 0.56 [0.24, 1.32] 1.20 [0.80, 1.80] 
 Headache 1.07 [0.83, 1.37] 1.11 [0.81, 1.52] 1.28 [1.06, 1.54] 
 Undue tiredness 1.36 [1.05, 1.77] 1.00 [0.95, 1.80] 1.15 [0.96, 1.37] 
 Tense and stressed 1.03 [0.79, 1.35] 1.07 [0.77, 1.48] 1.24 [1.04, 1.48] 
 Irritable 1.22 [0.93, 1.61] 1.23 [0.80, 1.72] 1.26 [1.06, 1.50] 

Bold text indicates statistically significant association. 
a Adjusted for age, sex, and A-weighted sound pressure levels. 
b Adjusted for age, sex, A-weighted sound pressure levels, and economic benefits. 
c Range of number of respondents in the analyses. Differences in number of respondents are due to missing cases, 

that is, the respondents not answering single questions in the questionnaire. 
d [95% CI]. 
e OR and 95%CI as printed in Pedersen 2011. 

Exposure group [21]  

See ‘Adverse effect 

outcomes’ [20]. 

Control group [22]  

NA 

Measure of effect / 

effect size [23]  

95% CI [25]  

See [20]. 

Harms (NNH) [24]  

95% CI [25]  

See [20]. 
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Public health importance (1–4) [26] 

The majority of the statistically significant results 

identified were health-related effects but not health 

effects per se. Tinnitus, diabetes and headache are 

health outcomes and could possibly be ranked 2 

according to NHMRC criteria (tinnitus reduced in one 

study, while diabetes and headache increased each 

in one study). However, these results were not 

replicated in other studies. 

Relevance (1–5) [27] 

1 

Comments [28]  

Cross-sectional design cannot provide evidence of cause and effect. The majority of the self-reported health 

outcomes are patient-relevant. Annoyance is a subjective outcome of uncertain significance to health. Good 

attempt at controlling for confounding in individual studies, although several possible confounders were not 

measured or adjusted for. The authors comment appropriately on the possibility of statistical associations 

arising by chance (i.e. through multiple statistical testing) and so were cautious in attributing an association 

unless it independently occurred in all three studies. The study has limited capacity to inform the assessment 

of wind turbine noise as a cause of adverse health effects. 

Abbreviations: NR = not reported; NC = not calculable 

Explanatory notes 

[1] Full reference citation details 

[2] Details of how the study was funded or other relevant affiliations of the authors (designed to expose 

potential conflicts of interest) 

[3] The study type (e.g. RCT, case-control study, cohort study), with additional detail where relevant 

[4] As per the NHMRC levels of evidence in Merlin, Weston and Tooher (2009) or NHMRC (2009) 

[5] Country/setting (e.g. detail on location in rural area, wind farm distance/proximity to study participants and 

turbine visibility) 

[6] Detail on the exposure, including the type of wind farm, number of turbines, design/model of turbines, age 

of turbines, when construction of the wind farm was completed, community participation in decision making 

etc. Detail is required on the specific exposures—audible noise, infrasound/inaudible noise, shadow flicker, 

electromagnetic radiation, e.g. dose/level of exposure 

[7] Number of participants enrolled in the exposure group 

[8] The type of control used. There may be more than one comparator (e.g. no wind farm (no exposure), 

different type of wind farm)  

[9] Number of participants enrolled in the comparison/control group(s) 

[10] Any factors that may confound/influence the results and/or the external validity (see below) of the results 

(e.g. age, sex, comorbidities, existing medications, socioeconomic status, baseline attitudes to wind farm 

siting, education level, occupation (e.g. shift work), psychosocial stressors, financial implications of wind farm 

siting) 

[11] Length of follow-up of the participants 

[12] The outcomes studied (all adverse health effects mentioned in the study) 
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INTERNAL VALIDITY (QUALITY ASSESSMENT)  

 [13] Report outcomes of use of modified Downs & Black checklist for the Confounding subscale. Comment on 

likelihood of confounding having affected the results and justify 

[14] Report outcomes of use of modified Downs & Black checklist for the Bias subscale. Comment on likelihood 

of bias having affected the results and justify 

EXTERNAL VALIDITY 

 [15] Report outcomes of use of modified Downs & Black checklist for the External Validity subscale. Comment 

on generalisability of the study results and justify; that is, are the participants in the study so different from 

the target population for the NHMRC recommendation that the results may not be generalisable to them? 

[16] Is the exposure in the study so different from the exposures likely to occur in Australia that the results 

may not be applicable? 

 [17] Report outcomes of use of modified Downs & Black checklist for the Reporting subscale. Comment on 

appropriateness of reporting in the study  

[18] When assessing the role of chance, note the use of multiple statistical testing and data dredging, which 

may result in spurious statistically significant results 

[19] Describe your assessment (in words) of the overall quality of the study. Is the study quality good enough 

that you have confidence in the results? 

RESULTS 

Allowing one row for each relevant outcome, enter the following data from the results of the study: 

[20] The outcome relevant for this entry in the database (Note: more than one table may be required if there 

are several outcomes relevant to different questions) 

[21] For binary outcomes, show numbers of participants with the outcome. For continuous outcomes, show 

means ± standard deviations; or medians and interquartile ranges 

[22] For binary outcomes, show numbers of participants with the outcome. For continuous outcomes, show 

means ± standard deviations; or medians and interquartile ranges. Add number of columns as needed (e.g. 3-

arm trials) 

[23] Absolute and relative measures of effect and measure of variability, for example risk differences (absolute 

risk reduction or absolute risk increase), mean differences, relative risk, odds ratio 

[24] A measure of harm, when the exposure increases the risk of specified adverse outcomes. The number 

needed to expose to harm (NNH) = the number of participants who, if they receive the exposure, would lead 

to one additional person being harmed compared with participants who are not exposed; calculated as 

1/absolute risk increase, rounded up to the next highest whole number 

[25] 95% confidence interval (CI) for all measures, if available; otherwise, use p value (be explicit on what 

comparison the p value relates to) 

[26] Insert the appropriate rating from the scale provided at p. 23 of the NHMRC toolkit publication: How to 

use the evidence: assessment and application of scientific evidence 

[27] Insert the appropriate rating from the scale provided at p. 28 of the NHMRC toolkit publication: How to 

use the evidence: assessment and application of scientific evidence 

[28] Add your overall comments regarding the interpretation or implications of this study. 
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APPENDIX C – EXCLUDED ARTICLES 

Study design unsuitable 

Pedersen, E, Hallberg, LRM & Waye, KP 2007, 'Living in the vicinity of wind turbines: a grounded 

theory study', Qualitative Research in Psychology vol. 4, no. 1–2, pp. 63.  

Alves-Pereira, M and Castelo Branco, NAA 2007, ‘In-home wind turbine noise is conducive to 

vibroacoustic disease’, Proceedings of the Second International Meeting on Wind Turbine Noise, 

Lyon, France, pp. 20–21. <www.confweb.org/wtn2007/ABSTRACTS_WTN2007.pdf>. 

 

Study outcome(s) unsuitable 

Bilski, B 2012, 'Factors influencing social perception of investments in the wind power industry with 

an analysis of influence of the most significant environmental factor—exposure to noise', Polish 

Journal of Environmental Studies, vol. 21, no. 2, pp. 289–295. 

Bond, S 2008, 'Attitudes towards the development of wind farms in Australia', Environmental Health, 

vol. 8, no. 3, pp. 19–32. 

Friman, M 2011, Directivity of sound from wind turbines: a study on the horizontal sound radiation 

pattern from a wind turbine, Department of Aeronautical and Vehicle Engineering, The Marcus 

Wallenberg Laboratory for Sound and Vibration Research, Stockholm.  

Kaldellis, JK, Garakis, K & Kapsali, M 2012, 'Noise impact assessment on the basis of onsite acoustic 

noise immission measurements for a representative wind farm', Renewable Energy, vol. 41, no. 1, 

pp. 306–314. 

Kirchner, JC 2012, ‘Acoustic emission characterization of six wind turbines: a diagnostic tool to 

isolate, identify, and quantify point score contributors to a wind turbine’s noise’, Appalachian State 

University. 

Lack, CA 2010, Urban wind turbines, Tallinn University of Technology, Faculty of Mechanical 

Engineering, Barcelona. 

Mitchell, AJ 2004, Wind turbine noise, University of Canterbury, Department of Mechanical 

Engineering, Christchurch. 

Palmer, W 2011, 'Collecting data on wind turbine sound to identify causes of identified concerns', 

Proceedings of Meetings on Acoustics, vol. 12. pp. 040003. 

Velliyur Ramachandran, KG 2010, An aeroacoustic analysis of wind turbines, 

<http://rave.ohiolink.edu/etdc/view?acc%5Fnum=osu1293650904>. 

Watts, CA, Schluter, PJ & Whiting, R 2005, 'Public opinion of a proposed wind farm situated close to 

a populated area in New Zealand: results from a cross-sectional study', Environmental Health, vol. 5, 

no. 3, pp. 73–83. 
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Duplicated study or data 

Janssen, S, Vos, H, Eisses, AR & Pedersen, E 2010, 'Predicting annoyance by wind turbine noise', 

Proceedings of InterNoise, 39th International congress of noise control engineering, Lisbon, 13–16 

June 2010. 

Janssen, SA, Eisses, AR, Pedersen, E & Vos, H 2009, 'Exposure-response relationships for annoyance 

by wind turbine noise: a comparison with other stationary sources', Proceedings of Euronoise, 8th 

European conference on noise control, Edinburgh, 26–28 October 2009. 

Michaud, DS & Keith, SE 2007, 'Evaluating the potential health impacts of wind turbine noise for 

environmental assessments', Wind Turbine Noise, vol. 24. 

Pedersen, E 2007, Human response to wind turbine noise? Perception, annoyance and moderating 

factors, Goteborg University, Sweden.  

<http://gupea.ub.gu.se/dspace/bitstream/2077/4431/1/gupea_2077_4431_1.pdf> 

Pedersen, E & Persson Waye, K 2003, 'Wind turbine noise; dose-response relationship', In: de Jong, 

RG, Houtgast, T, Franssen, EAM, Hofman, WF (eds), Proceedings of the 8th International Congress on 

Noise as a Public Health Problem, Rotterdam, 29 June – 3 July 2003, pp. 278–279.  

Pedersen, E & Persson Waye, K 2008, 'Wind turbines: low-level noise sources interfering with 

restoration?' Environmental Research Letters, vol. 3, no. 1. 

Pedersen, E, Van den Berg, F, Bakker, R & Bouma, J 2010, 'Can road traffic mask sound from wind 

turbines? Response to wind turbine sound at different levels of road traffic sound', Energy Policy, 

vol. 38, no. 5, pp. 2520–2527. 

Persson Waye, K 2009, 'Perception and environmental impact of wind turbine noise', In: Proceedings 

of the InterNoise Congress 2009, 23–26 August, Ottawa, Canada. 

Study exposure unsuitable 

Brown, CL, Hardy, AR, Barber, JR, Fristrup, KM, Crooks, KR & Angeloni, LM 2012, 'The effect of 

human activities and their associated noise on ungulate behavior', PLoS ONE, vol. 7, no. 7. 

Carlos, RG 2008, ‘Very shallow water noise impact of offshore windfarms: parameters to be 

considered’, 15th International Congress on Sound and Vibration, Environmental Acoustics, Instituto 

de Acustica-CSIC, Madrid. 

Harding, G, Harding, P & Wilkins, A 2008, 'Wind turbines, flicker, and photosensitive epilepsy: 

characterizing the flashing that may precipitate seizures and optimizing guidelines to prevent them', 

Epilepsia, vol. 49, no. 6, pp. 1095–1098. 

Lee, S, Kim, K & Choi, W 2011, 'Annoyance caused by amplitude modulation of wind turbine noise', 

Noise Control Engineering Journal, vol. 59, no. 1, pp. 38–46. 

Smedley, AR, Webb, AR & Wilkins, AJ 2010, 'Potential of wind turbines to elicit seizures under 

various meteorological conditions', Epilepsia, vol. 51, no. 7, pp. 1146–1151. 

Verheijen, E, Jabben, J, Schreurs, E & Smith, KB 2011, 'Impact of wind turbine noise in The 

Netherlands', Noise & Health, vol. 13, no. 55, pp. 459463. 
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Study not in English language 

Chouard, CH 2006, 'Le retentissement du fonctionnement des eoliennes sur la sante de l’homme 

[Repercussions of wind turbine operations on human health]', French National Academy of 

Medicine. Panorama du medecin, vol. 20. [note: English translation is available and this is not a 

study] 

Mroczek, B, Karakiewicz, B, Grochans, E, Zultak-Baczkowska, K & Rotter, I 2010, 'Health behaviour of 

adult inhabitants of towns located near wind farms in Poland', Family Medicine and Primary Care 

Review, vol. 12, no. 3, pp. 736–737. 

Study comparator unsuitable 

Janssen, SA, Vos, H, Eisses, AR & Pedersen, E 2011, 'A comparison between exposure-response 

relationships for wind turbine annoyance and annoyance due to other noise sources', Journal of the 

Acoustical Society of America, vol. 130, no. 6, pp. 3746–3753. 

Shepherd, KP, Grosveld, FW & Stephens, DG 1983, 'Evaluation of human exposure to the noise from 

large wind turbine generators’, Noise Control Engineering Journal, vol. 21, no. 1, pp. 30–37. 

Article is not a study (wind energy discussion) 

Asmus, P 2001, 'California crisis: the best argument yet for wind power', Electricity Journal, vol. 14, 

no. 3, pp. 42–47. 

Barnett, J, Burningham, K, Walker, G & Cass, N 2012, 'Imagined publics and engagement around 

renewable energy technologies in the UK', Public Understanding of Science, vol. 21, no. 1, pp. 36–50. 

Brisman, A 2005, 'The aesthetics of wind energy systems, New York University Environmental Law 

Journal, vol. 13, pp. 1–133. 

Breukers, S 2006, ‘Changing institutional landscapes for implementing wind power’, Amsterdam 
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literature search) 

Sloven P 2005 LFN and the A-weighting Journal—Low Frequency Noise, 
Vibration and Active Control 

Background information on technical 
aspects to sound measurements; exclude 

Smedley A, Webb A, 
Wilkins A 

2010 Potential of wind turbines to elicit seizures under 
various meteorological conditions 

Journal—Epilepsia Background information of shadow flicker 
and epileptic seizures; exclude 

Spyrak CH, Papadopoulou-
Daifoti Z, Petounis A 

1978 Norepinephrine levels in rat bran after 
infrasound exposure 

Journal—Psychology and 
Behaviour 

Study—population unsuitable (non-human); 
exclude 

Ambrose SE, Rand RW 2011 The Bruce McPherson infrasound and low-
frequency noise study 

Report  Opinion paper—sound measurements and 
personal experience of symptoms at an 
individual home near a turbine; exclude 

Bakker HHC, Rapley BI 2011 Problems measuring low-frequency sound levels 
near wind farms 

Conference paper Narrative review on human perceptions and 
measurement of low-frequency sound near 
wind farms; exclude 

Bray W, James R 2011 Dynamic measurements of wind turbine acoustic 
signals, employing sound-quality engineering 
methods considering the time- and frequency-
sensitivities of human perception 

Conference paper Background information on low-frequency 
sound and human perception; exclude 
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Chapman S 2011 Wind farms and health: who is fomenting 
community anxieties? 

Op-ed Opinion paper; exclude 

Chapman S n.d. Is there anything that wind turbines don't cause? 
Psychogenic aspects of 'wind turbine disease' 

Presentation Background information on psychogenic 
and attitudinal aspects to causes of health 
problems; exclude 

Dickinson PJ 2012 A pragmatic view of wind turbine noise standard Paper Background information on NZ acoustic 
standards and characteristics of wind farm 
noise; exclude 

E-coustic Solutions n.d. Submission of comments related to proposed 
Ministry of the Environment Regulations to 
Implement the Green Energy and Green Economy 
Act, 2009 

Report Background information on measurement 
of low-frequency and infrasound from wind 
farms, no health outcomes; exclude 

enHealth 2004 The health effects of environmental noise: other 
than hearing loss 

Report Background on health effects of industrial 
noise; exclude 

Environmental Review 
Tribunal 

2010 Erikson V, Director, Ministry of the Environment Legal evidence Tribunal presentations—insufficient study 
details; exclude 

Frey BJ, Hadden, PJ 2012 Wind turbines and proximity to homes: the 
impact of wind turbine noise on health 

Report Narrative review; exclude 

Frey BJ, Hadden PJ 2007 Noise radiation from wind turbines installed near 
homes: effects on health 

Report Narrative review; exclude 

Hall N, Ashworth P, Shaw 
H (CSIRO) 

2012 Exploring community acceptance of rural wind 
farms in Australia: a snapshot 

Report Narrative review of community attitudes to 
wind farms with case studies; exclude 

Hanning C 2010 Wind turbine noise and sleep: the torment of 
sleep disturbance 

Presentation Background information on the effects of 
noise on sleep; exclude 

Hanning, C 2010 Wind turbine noise, sleep and health Report Narrative review; exclude 

Hanning C, Nissenbaum M 2011 Selection of outcome measures in assessing sleep 
disturbance from wind turbine noise 

Conference paper Background information on sleep and noise 
disturbance; exclude 

Harrison J 2010 No rules, no caution, no accountability Presentation Background information on regulation and 
modelling of wind turbine noise; exclude 

Harry A 2007 Wind turbines, noise and health Report—case series Study—case series selected with symptoms 
they attributed to wind turbines, no 
comparative analysis; exclude 

Health Protection Agency 2010 Health effects of exposure to ultrasound and 
infrasound 

Report Background information on environmental 
noise and health; exclude 

Exhibit A4-2c

Page 268 of 296
 

014407



 

269 

 

Health Protection Agency 2010 Environmental noise and health in the UK Report Background information on health and 
exposure to ultrasound and infrasound; 
exclude 

Horner B 2012 NHMRC audit comments Email communication Commentary in response to the NHMRC 
report Wind turbines and health: a rapid 
review of the evidence July 2010; exclude 

Hubbard HH, Shepherd KP 1990 Wind turbine acoustics Report Background information on wind turbine 
acoustics; exclude 

Ison E 2009 Rapid review of health impacts of wind energy Report Narrative review on effects of energy 
production and wind farms; exclude 

James R 2010 No rules, no caution, no accountability Presentation Background information on regulation and 
modelling of wind turbine noise; exclude 

Krogh, C  2011 Brief overview of references on noise including 
industrial wind turbines and adverse health 
effects 

Report Background information on the effects of 
noise on humans; exclude 

Krogh C, Horner B 2011 A summary of new evidence: adverse health 
effects and industrial wind turbines  

Report Opinion/discussion of evidence of health 
effects of wind turbines; exclude 

Leventhall G 2010 Wind turbine syndrome: an appraisal Presentation Opinion/discussion of evidence for wind 
turbine syndrome; exclude 

Leventhall G 2003 A review of published research on low-frequency 
noise and its effects 

Report Background information on low-frequency 
noise and its effects; exclude 

Mills DA, Manwell JF 2012 A brief review of wind power in Denmark, 
Germany, Sweden, Vermont and Maine: possible 
lessons for Massachusetts 

Report Narrative review of wind power in 
Denmark, Sweden, Germany, Vermont and 
Maine; exclude 

Moller H, Pedersen S, 
Stanstrup JK, Pedersen CS 

2012 Assessment of low-frequency noise from wind 
turbines in Maastricht 

Report Background information on the 
measurement, impact and health effects of 
low-frequency noise; exclude 

Moorhouse A, Hayes M, 
Von Hunderbein S, Piper B, 
Adams M 

2007 Research into aerodynamic modulation of wind 
turbine noise: final report 

Report Background information on aerodynamic 
modulation of low-frequency wind turbine 
noise; exclude 

National Research Council 2007 Environmental impacts of wind-energy projects Book Narrative review of assessment and 
measurement of the impact of wind 
turbines on the environment; exclude 

National Toxicology 
Program 

2001 Brief review of toxicological literature Report Background information on the impact of 
infrasound on the environment and 
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humans; exclude 

Nature and Society 2011  Editorial—Journal of the Nature 
and Society Forum 

Opinion/discussion papers on wind farms 
and ecology and controversies around wind 
farming; exclude 

New South Wales 
Landscape Guardians 

2012 Peer-reviewed studies on health impacts of wind 
turbines 

Report Narrative review; exclude 

Nissenbaum M, Aramini J, 
Hanning C 

2011 Adverse health effects of industrial wind 
turbines: a preliminary report 

Conference paper Duplicate study/data—an updated version 
identified and included (Nissenbaum, 
Aramini, Hanning 2012); exclude 

Oregon Health Authority  2012 Strategic health impact assessment on wind 
energy development in Oregon 

Report Narrative review and assessment of health 
impact of wind energy development in 
Oregon; exclude 

Pace Energy and Climate 
Centre 

2011 Case study: Maple Ridge and High Sheldon wind 
farms 

Report Opinion/discussion of the impact of wind 
farming in New York State; exclude 

Pedersen E 2007 Human response to wind turbine noise: 
perception, annoyance and moderating factors 

Thesis Duplicate study/data—duplication of 
included data (Pedersen & Persson Waye 
2007); exclude 

Phillips C 2010 An analysis of the epidemiology and related 
evidence on the health effects of wind turbines on 
local residents  

Report Opinion paper; exclude 

Phipps R, Amati M, 
McCoard S, Fisher R 

2008 Visual and noise effects reported by residents 
living close to Manawatu wind farms: preliminary 
survey results 

Paper Study—self-report survey of preliminary 
results with no relevant health outcomes; 
exclude 

Pierpont N 2009 Wind turbine syndrome: a report on a natural 
experiment 

Book Background information—reporting on a 
collection of case reports but with no 
comparative analysis; exclude 

Punch J, James R, Pabst D 2010 Wind turbine noise: what audiologists should 
know 

Magazine Narrative review; exclude 

Rogers AL, Manwell JF, 
Wright S 

2006 Wind turbine acoustic noise  Report Background information on wind turbine 
acoustic noise; exclude 

Salt A 2010 Infrasound: your ears ‘hear’ it but they don’t tell 
your brain 

Presentation Background information on the impact of 
infrasound on humans; exclude 

Shepherd D 2012 Response to ‘Wind farms and health: who is 
fomenting community anxieties?’ – Letters 

Letter to editor Commentary/opinion, correspondence with 
no data; exclude 
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Sloth E 2010 Parameters influencing wind turbine noise Presentation Background information on factors affecting 
wind turbine noise; exclude 

Sonus Pty Ltd 2010 Infrasound measurements from wind farms and 
other sources 

Report Background information on infrasound 
measurement; exclude 

Stantec Consulting 2011 Health effects and wind turbines: a review for 
renewable energy approval applications 
submitted under Ontario Regulation 359/09 

Report Narrative review; exclude 

Stewart J 2006. Location, location, location: an investigation into 
wind farms and noise by the Noise Association 

Report Background information on wind turbine 
noise and its impact; exclude 

Swinbanks M 2010 Wind Energy Resource Zone Board comments: 
NASA–Langley wind turbine noise research 

Email communication Commentary/opinion, correspondence with 
no data; exclude 

The Acoustics Group Pty 
Ltd 

2011 Peer review of acoustic assessment of Flyers 
Creek wind farm 

Report Background information on acoustic 
assessment of a wind farm in NSW; exclude 

Thorne B 2011 Wind farm noise and human perception: a review Report Background information of wind turbine 
effects and single case study, not 
systematic; exclude 

Thorne R 2012 Waubra & other Victorian wind farm noise 
impact assessments 

Report Study—survey of residents living near wind 
farms; some health outcomes but study not 
yet completed; exclude 

Thorne R  2007 Assessing intrusive noise and low-amplitude 
sound 

Thesis Background information on noise 
assessment; exclude 

Thorne R, Shepherd D 2011 Wind turbine noise: why accurate prediction and 
measurement matter 

Conference paper Background information on noise 
measurement from wind turbines and noise 
annoyance; exclude 

Boorowa District 
Landscape Guardians 

Not 
dated 

Wind energy in the Southern Tablelands Flyer Commentary/opinion; exclude 

Unknown 2010 Overview of references: adverse health effects of 
industrial wind turbines 

Report Narrative review; exclude 

Unknown 2012 Summary of peer-reviewed references Report Abstract list: with no eligible articles not 
previously included 

Van den Berg GP 2006 The sound of high winds: the effect of 
atmospheric stability on wind turbine sound and 
microphone noise 

Book/Report Background information on wind turbine 
noise and measurement; exclude 

Van den Berg GP 2003 Wind turbines at night: acoustical practice and 
sound research 

Conference paper Background information on wind turbine 
noise at night; exclude 
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Von Hunerbein S, King A, 
Hargreaves J, Moorhouse 
A, Plack C 

2010 Perception of noise from large wind turbines Report Background information on wind turbine 
noise perception and annoyance thresholds 
for measurement; exclude 

World Health Organization 2011 Burden of disease from environmental noise: 
quantification of healthy life years lost in Europe 

Report Background information on environmental 
noise; exclude 

Submitted Literature 

Acoustic Ecology Institute 2009 Wind turbine noise impacts Report Background information on wind energy 
noise impact; exclude 

Acoustic Ecology Institute 
(compiled by Jim 
Cummings) 

2011 Wind turbine noise: science and policy overview Report Background information on policy for wind 
farming; exclude 

Acoustic Group Pty Ltd, 
The 

2012 Review of Draft Wind Farm Guidelines 
42.4963.R2:ZSC 

For Flyers Creek Wind Turbine 
Awareness Group Inc., 14 March 
2012  

Background information on wind farm 
guidelines; exclude 

Acoustic Group Pty Ltd, 
The 

2012 Peer Review of Noise Impact Assessment, Stony 
Gap Wind Farm 42.4989.R1:ZSC 

Prepared for Regional Council of 
Goyder, 26 May 2012  

Background information on acoustic 
assessment of a wind farm proposal; 
exclude 

Adcock J, Delaire C, Griffen 
D 

2012 A review of the Draft NSW Planning Guidelines: 
wind farms 

Acoustics Australia 2012; 40:1 Guidelines/regulations for wind farms; 
exclude 

The Acoustic Ecology 
Institute 

2009 AEI Special Report: Wind energy noise impacts  Available from 
<www.acousticecology.org>   

Background information on wind energy 
noise impact; exclude 

The Acoustic Ecology 
Institute 

2011 Wind farm noise 2011: science and policy 
overview  

Available from 
<www.acousticecology.org> 

Background information on policy for wind 
farming; exclude 

Alves-Pereira M, Castelo 
Branco NAA 

2007 Vibroacoustic disease: biological effects of 
infrasound and low-frequency noise explained by 
mechanotransduction cellular signaling 

Progress in Biophysics and 
Molecular Biology 2007; 93(1–
3):256–279 

Background information on vibroacoustic 
disease; exclude 

Alves-Pereira M, Castelo 
Branco NAA 

2007 Public health and noise exposure: the importance 
of low-frequency noise   

Proceedings of the InterNoise 
Conference, Istanbul, Turkey, pp. 
3–20 

Background information on low-frequency 
noise impact; exclude 

Alves-Pereira M, Castelo 
Branco NAA 

2011 Low-frequency noise and health effects, June 
2011 

Presented at the NHMRC forum 
Wind Farms and Human Health, 7 
June 2011 

Background information on possible health 
effects of low-frequency noise; exclude 

Alves-Pereira M, Castelo 
Branco NAA 

2007 In-home wind turbine noise is conducive to 
vibroacoustic disease  

Second International Meeting on 
Wind Turbine Noise, Lyon, 
France, 20–21 September 2007 

Background information on vibroacoustic 
disease; exclude 
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Ambrose R 2009   Letter to Carman Krogh Pharm  Commentary/opinion—letter; exclude 

Ambrose SE, Rand RW, 
Krogh CME 

2012 Wind turbine acoustic investigation: infrasound 
and low-frequency noise: a case study 

Bulletin of Science, Technology & 
Society, doi: 
10.1177/0270467612455734 

Study—does not include exposed 
population and health outcomes; exclude 

Ambrose SE, Rand RW, 
Krogh CME 

2012 Falmouth, Massachusetts wind turbine 
infrasound and low-frequency noise 
measurements 

Presented at InterNoise 2012 19–
22 August 2012, New York City 

Background information on wind turbine 
noise measurement, no health outcomes; 
exclude 

Ambrose SE, Rand RW, 
Krogh CME 

2012 Industrial wind turbines and health: wind 
turbines can harm humans if too close to 
residents. A summary of some peer-reviewed 
and conference articles, their abstracts and 
citations, regarding adverse health effects and 
wind turbines 

Bulletin of Science Technology & 
Society, published online 17 
August 2012 

List of abstracts with no additional articles 
meeting inclusion criteria; exclude 

Appelqvist P, Almgren M 2011 Wind turbine noise in sheltered dwelling areas Fourth International Meeting on 
Wind Turbine Noise, Rome, Italy, 
12–14 April 2011 

Not found by cut-off date; exclude 

Australian Academy of 
Technological Sciences 
and Engineering (ATSE) 

2009 The hidden costs of electricity: externalities of 
power generation in Australia 

  Background information on cost of power 
generation; exclude 

Babish W 2011 Cardiovascular effects of noise Editorial commentary, Noise 
Health 2011; 13:201–204 

Background information on effects of noise 
on health; exclude 

Baerwald EF, D’Amours 
GH, Klug BJ, Barclay RMR 

2008 Barotrauma is a significant cause of bat fatalities 
at wind turbines 

Department of Biological 
Sciences, University of Calgary, 
Calgary, in: Current Biology 2008; 
18:16 

Study—unsuitable population; exclude 

Bakker H, Bennett D, 
Rapley B, Thorne R  

2009 Seismic effect in residents from 3 MW wind 
turbines 

Presented at the Third 
International Meeting on Wind 
Turbine Noise, Aalborg, Denmark, 
17–19 June 2009 

Background information on seismic effects 
of wind turbines in NZ, no health outcomes; 
exclude 

Bakker H, Rapley B  2010 Sound characteristics of multiple wind turbines Sound, Noise, Flicker and the 
Human Perception of Wind Farm 
Activity, pp. 233–258 

Background information on wind turbine 
sound; exclude 

Bakker H, Bennett D, 
Rapley B, Thorne R  

2010 Seismic effects on residents from wind turbines Rapley and Bakker (eds) 2010, pp. 
225–231 

Background information on seismic effects 
of wind turbines; exclude 

Barrett N 2012 Getting the wind up: exploring the concern about   Narrative review; exclude 
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adverse health effects of wind power in Australia 
and Europe 

Bartholomew R, Wessely S 2002 Protean nature of mass sociogenic illness: from 
possessed nuns to chemical and biological 
terrorism fears 

British Journal of Psychiatry 2002; 
180:300–306 

Background information only; exclude 

Bartlett DJ, Marshall NS, 
Williams A, Grunstein RR 

2008 Predictors of primary medical care consultation 
for sleep disorders 

Sleep Medicine 2008; 9:857–864 Background information only; exclude 

Bengtsson J, Persson Waye 
K, Kjellberg A 

 2004 Sound characteristics in low-frequency noise and 
their relevance for the perception of 
pleasantness  

 Acta Acoustica 2004; 90:171–180 Background information on low-frequency 
noise; exclude 

Bengtsson J, Persson Waye 
K, Kjellberg A 

2004 Evaluations of effects due to low-frequency noise 
in a low demanding work situation 

Journal of Sound and Vibration 
2004; 278:83–99  

Background information on low-frequency 
noise; exclude 

Berglund B, Hassmen P, 
Job SR F  

1996 Sources and effects of low-frequency noise Journal of the Acoustical Society 
of America 1996; 99:2985–3002 

Background information on low-frequency 
noise; exclude 

Bin YS, Marshall NS, 
Glozier N 

2012 The burden of insomnia on individual function 
and healthcare consumption in Australia 

Australian and New Zealand 
Journal of Public Health 2012; 
online doi: 10.1111/j.1753-
6405.2012.00845.x 

Background information only; exclude 

Boss LP 1997 Epidemic hysteria: a review of published 
literature 

Epidemiological Review 1997; 
19(2) 

Background information only; exclude 

Bowdler D  2008 Amplitude modulation of wind turbine noise: a 
review of the evidence 

Acoustics Bulletin 2008; 33(4) Background information on technicalities of 
wind turbine noise; exclude 

Bowdler D  2012 Wind turbine syndrome: an alternative view Acoustics Australia 2012; 40(1) Commentary/opinion paper; exclude 

Bradley JS  1994 Annoyance caused by constant-amplitude and 
amplitude-modulated sound containing rumble 

Noise Control Engineering Journal 
1994; 42:203–208  

Background information on annoyance of 
noise; exclude 

Bronzaft AL 2011 The noise from wind turbines: potential adverse 
impacts on children’s well-being 

Bulletin of Science Technology & 
Society 2011; 31:291 

Background information on wind turbine 
noise effects on children; exclude 

Brooks D   Peer-reviewed studies of wind turbine health 
impacts 

  List of references, no additional articles for 
inclusion; exclude 

Brooks D 2012 NSW Planning Guidelines: wind farms: a resource 
for the community, applicants and consent 
authorities (draft) 

Submission to the NSW 
Department of Planning & 
Infrastructure 
By Parkesbourne/Mummel 
Landscape Guardians Inc. 

Guidelines/regulations on wind farm 
planning; exclude 
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Brown County Board of 
Health 

2012 Brown County Board of Health resolution 
requesting emergency state aid for families 
suffering around industrial wind turbines 

  Commentary/opinion; exclude 

Bruni O, Novelli L, Ferri R 2011 Sleep disturbance and wind turbine noise Sapienza University, Rome, Italy 
and Institute for Research on 
Mental Retardation and Brain 
Aging, Troina, Italy 

Background information on noise effects on 
children; exclude 

Canadian Wind Energy 
Association 

2011 Canadian Wind Energy Association responds to 
October 14 2011 statement by Wind Concerns 
Ontario 

 Commentary/opinion, links to related wind 
farm documents; revealed no new 
references; exclude 

Capuccio FP, Cooper D, 
D'Elia L, Strazzullo P, Miller 
MA  

2011 Sleep duration predicts cardiovascular outcomes: 
a systemic review and meta-analysis of 
prospective studies 

European Heart Journal 2011; 
32(12):1484–1492; Epub 7 Feb 
2011 

Background information only; exclude 

Castelo Branco NAA, 
Alves-Pereira M  

2004 Vibroacoustic disease Noise & Health 6 (23), 320 Background information only; exclude 

Le Groupe de Travail   Le retentissement du fonctionnment des 
eoliennes sur la sante de l'homme 

Academie Nationale de Medecine Language not English; exclude 

Ceranna L, Hartmann G, 
Henger M 

2005 The inaudible noise of wind turbines Conference paper, Infrasound 
Workshop Nov 28 – Dec 02 2005, 
Tahiti (Federal Institute for 
Geosciences and Natural 
Resources) 

Background information on wind turbine 
noise; exclude 

Chao P, Yeh C, Juang Y, Hu 
C, Chen C 

2012 Effect of low-frequency noise on the 
echocardiographic parameter E/A ratio 

Noise Health 2012; 14:155–158 Background information on the effects of 
low-frequency noise; exclude 

Chapman S 2011 Wind farms and health: who is fomenting 
community anxieties? 

Medical Journal of Australia 
2011; 195(9)  

Commentary/opinion; exclude 

Chapman S 2012 Submission to NSW Wind Farm Guidelines School of Public Health, 
University of Sydney 

Narrative review; exclude 

Chapman S, George A 2006 A disease in search of a cause: a study of self-
citation and press release pronouncement in the 
factoid of wind farms causing ‘vibroacoustic 
disease’ 

School of Public Health, 
University of Sydney 

Background information on vibroacoustic 
disease; exclude 

Chen HA, Narins P   Wind turbines and ghost stories: the effects of 
infrasound on the human auditory system 

  Background information on technical 
aspects of infra sound from wind turbines; 
exclude 
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Chouard C-H   Impacts of wind turbine operation on humans National Academy of Medicine Background information only; exclude 

Comite senatorial 
permanent de l'energie, 
de l'environnement et des 
ressources naturelles 

2011 Les eoliennes industrielles et la sante. Les 
eoliennes peuvent causer du tort aux humains 

Le 18 octobre 2011 Language not English; exclude 

Cooper D 2012 Peer review of noise impact assessment, Stony 
Gap Wind Farm 42.4989.R1:ZSC 

Prepared for Regional Council of 
Goyder, 26 May 2012 (The 
Acoustic Group Pty Ltd) 

Background information on wind turbine 
noise assessment; exclude 

da Fonseca J, dos Santos 
JM, Branco NC, Alves-
Pereira M, Grande N, 
Oliveira P, Martins AP 

2006 Noise-induced gastric lesions: a light and 
scanning electron microscopy study of the 
alterations of the rat gastric mucosa induced by 
low-frequency noise  

Central European Journal of 
Public Health 2006; 14(1):35–38 

Study—unsuitable population; exclude 

Davis J 2007 Noise pollution from wind turbines Presented at the Second 
International Meeting on Wind 
Turbine Noise, Lyon, France 

Commentary/opinion; exclude 

Dean D 2007 Wind turbine mechanical vibrations: potential 
environmental threat 

  Commentary/opinion—letter; exclude 

Dean R   Infrasound modulation of 1000 Hz one-third 
octave 

  Background information only; exclude 

DeGagne DC, Lapka SD  2008 Incorporating low-frequency noise legislation for 
the energy industry in Alberta, Canada 

Journal of Low Frequency Noise, 
Vibration and Active Control 
2008; 27(2):105–120 

Background information on measurement 
and legislation of low-frequency noise for 
the Canadian energy industry; exclude 

Department of Planning 
and Community 
Development (Victoria) 

2011 Policy and planning guidelines for development 
of wind energy facilities in Victoria, August 2011 

  Guidelines/regulations on policy and 
planning; exclude 

Deutscher Akkreditierungs 
Rat 

2004 Measurement of the acoustic noise emission of 
the IT 77/1500 CIII H80 wind turbine; Report no. 
DEWIS AM 138/04, 2004-07-23 

  Background information on noise 
measurement; exclude 

Devine-Wright P 2011 Public engagement with large-scale renewable 
energy technologies: breaking the cycle of 
NIMBYism 

WIREs Climate Change 2011; 
2(1):19–26  

Background information on the public and 
renewable energy; exclude 

Dickinson PJ 2009 Submission to Standards NZ 6808:2009 Acoustics 
– wind farm noise 

  Discussion on NZ acoustic standards and 
characteristics wind farm noise; exclude 

Dickinson PJ 2009 Nonsense on stilts  Proceedings of Acoustics 2009, 
23–25 November 2009, Adelaide, 

Testimonial submission to Standards NZ; 
exclude 
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Australia 

Dickinson PJ 2010 Sounds from wind turbines: theory, practice, 
assumptions and reality 

In: Rapley and Bakker (eds) 
2010), pp. 181–205 

Discussion only; exclude 

Doolan CJ, Moreau DJ, 
Brooks LA 

2012 Wind turbine noise mechanisms and some 
concepts for its control 

Acoustics Australia 2012; 40(1) Background information on turbine noise 
mechanism; exclude 

Ecker LS, Ullrich KH, Seifert 
CM, Schwarz N, Cook J 

2012 Misinformation and its correction: continued 
influence and successful debiasing 

Psychological Science in the 
Public Interest 2012; 13:3106–
3131 

Background information only; exclude 

Elliott SJ 2005 Feedback control of engineering structures and 
in the inner ear 

Forum Acusticum 2005, Budapest Background information only; exclude 

Environment Protection 
Authority (NSW) 

2000 NSW Industrial Noise Policy, January 2000 Retrieved from 
<www.environment.nsw.gov.au/
noise/industrial.htm> 

Background information on industrial noise 
policy; exclude 

Environment Protection 
Authority (South Australia) 

2009 Wind farms environmental noise guidelines, July 
2009 

  Background information on guidelines for 
wind farms; exclude 

Environmental review 
tribunal 

2011 Erickson Vv, Director, Ministry of the 
Environment  

  Court proceedings; exclude 

Etherington J 2009 The wind farm scam: an ecologist’s evaluation Stacey International, 2009 Commentary/opinion; exclude 

Falmouth Board of Health 2012 Health effects of wind turbines   Summary of testimonial submissions; 
exclude 

Falmouth Health 
Department 

2012 Request that Mass DPH immediately initiate a 
health assessment of the impacts of the 
operation of wind turbines in Falmouth 

Letter to Ms Condon Commentary/opinion paper; exclude 

Feldmann J, Pitten FA 2004 Effects of low-frequency noise on man: a case 
study 

Noise Health 2004;7:23–28 Background information on infrasound; 
exclude 

Findeis H, Peters E 2004 Disturbing effects of low-frequency sound 
immissions and vibrations in residential buildings 

Noise Health 2004;6:29–35 Background information on low-frequency 
sound; exclude 

French Academy of 
Medicine 

2006 Repercussions of wind turbine operations on 
human health  

<http://ventdubocage.net/docu
mentsoriginaux/sante/eoliennes.
pdf > 

Language not English; exclude 

Frey BJ, Hadden PJ  2007 Noise radiation from wind turbines installed near 
homes 

  Narrative review on wind turbine noise and 
health; exclude 

Friends of Collector Inc. 2012 Submission to the New South Wales Department 
of Planning and Infrastructure 'NSW Planning 

Mr Tony Hodgson, Inaugural 
President, Friends of Collector 

Salt, McMurty and Cooper papers—
background information only; Wang study—
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Guidelines -Windfarms' Inc. see Wang V entry; exclude all 

Friends of Collector Inc. 2011 Submission to the Senate Community Affairs 
Committee Inquiry into the Social and Economic 
Impacts of Rural Wind Farms 

Mr Tony Hodgson, Inaugural 
President, Friends of Collector 
Inc. 

Background information on wind farm 
impacts on health; exclude 

Geen RG, McCown EJ  1984 Effects of noise and attack on aggression and 
physiological arousal 

Motivation and Emotion 1984; 
8:231–241 

Background information only; exclude 

Genuit K 2007 Tiefe Frequenzen sind nicht gleich tiefe 
Frequenzen – Tieffrequente Geräuschanteile und 
deren (Lärm-)Wirkungen. (LFN does not equal 
LFN – LF components of sound and their effects 
(on man) 

HEAD acoustics GmbH; 
conference paper – DAGA 2007 

Language not English; exclude 

Gillespie EK 2011 WPD (White Pines Project), Prince Edward 
County, Ontario (the ‘Project’) 

Letter to Mr K Surette, WPD, 
Canada, 8 November 2011 

Commentary/opinion—letter; exclude 

Gillespie EK 2011 Ministry of the Environment webpage: ‘The 
sound of science’ 

Letter to various recipients, 23 
November 2011 

Commentary/opinion—letter; exclude 

Gillespie EK 2012 Ministry of the Environment Media Release 
‘Expert report Confirms no direct health effects 
from wind turbines’ 

Letter to various recipients, 3 
January 2012 

Commentary/opinion—letter; exclude 

Grewal T, James C, 
Macefield VG  

2011 Frequency-dependent modulation of muscle 
sympathetic nerve activity by sinusoidal galvanic 
vestibular stimulation in human subjects  

Journal of Occupational and 
Environmental Medicine 2011; 
53(2):146–152 

Background information only; exclude 

Griefahn B, Basner M 2011 Disturbances of sleep by noise  Paper no. 107, Proceedings of 
Acoustics 2011, 2–4 November 
2011, Gold Coast, Australia 

Background information on sleep 
disturbance; exclude 

Gueniot C. 2006 Le retentissement du fonctionnement des 
éoliennes sur la santé de l’homme 
(‘Repercussions of wind turbine operations on 
human health’) 

Wind turbines: The Academy 
cautious, Panorama du médecin, 
20 March  2006, reporting on 
National Academy of Medicine in 
France 

Language not English; exclude 

Guest M, Boggess M, 
D'Este C, Attia J, Brown A  

2011 An observed relationship between vestibular 
function and auditory thresholds in aircraft-
maintenance workers 

School of Health Sciences, 
University of Newcastle, 
Australia, Journal of Occupational 
and Environmental Medicine 
2011; 53(2):146–152  

Background information only; exclude 
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Hansen C 2010 Assessment of noise from the proposed wind 
farm development around Mt Bryan, near the 
township of Hallett 

Prepared for Environment, 
Resources and Development 
Court, SA, by School of 
Mechanical Engineering, 
University of Adelaide, South 
Australia 

Not found by cut-off date; exclude 

Hanning C 2010 Sleep disturbance and wind turbine noise On behalf of the Northumberland 
& Newcastle Society 

Narrative review; exclude 

Hanning C 2012 Wind turbine noise, sleep and health Response to: The 
Northumberland County Council 
Core Issues and Options Report 
Consultations 

Narrative review; exclude 

Hanning CD, Evans A 2012 Wind turbine noise (editorial)  British Medical Journal 2012; 
344:e1527  
doi: 10.1136/bmj.e1527 
(published 8 March 2012) 

Commentary/opinion—editorial; exclude 

Harding G, Harding P,  
Wilkins A 

2008 Wind turbines, flicker and photosensitive 
epilepsy: characterizing the flashing that may 
precipitate seizures and optimizing guidelines to 
prevent them 

Epilepsia 2008; 49(6):1095–1098 Background information on wind turbine 
flicker; exclude 

Harrison J P  2011 Wind turbine noise  Bulletin of Science, Technology & 
Society 2011; 31:256–261  

Background information on wind turbine 
noise; exclude 

Hatfield J, Job RF, Hede AJ, 
Carter NL, Peploe P, Taylor 
R et al.  

2002 Human response to environmental noise: the 
role of perceived control 

Journal of Behavioural Medicine 
2002;9:341–359 

Background information on environmental 
noise; exclude 

Hauser W, Hansen E, Enck 
P 

2012 Nocebo phenomena in medicine Deutsches Arztblatt International 
2012; 109(26):459–465 

Background information only; exclude 

Havas M, Colling D  2011 Wind turbines make waves: why some residents 
near wind turbines become ill  

Published online before print 30 
September 2011, doi: 
10.1177/0270467611417852; 
Bulletin of Science, Technology & 
Society 2011; 31:414–426 

Background information on possible health 
associations with wind turbines; exclude 

Health Canada 2009 Health Canada's response to the Digby Wind 
Power Project Addendum, Digby, Nova Scotia 

Email correspondence to Mr 
Sanford, 6 August 2009 

Commentary/opinion—letter; exclude 

Health Canada 2010 Useful information for environmental   Background information only; exclude 
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assessments 

Health Canada 1986 Achieving health for all: a Framework for health 
promotion 

Webpage  Background information only; exclude 

Health Canada 2012 Community noise annoyance Copy of webpage  Background information only; exclude 

Health Canada 2009 Mental health: anxiety disorders Fact sheet   Background information only; exclude 

Health Canada 2012 Mental health Copy of webpage  Background information only; exclude 

Health Canada 2008 Mental health: coping with stress Fact sheet Background information only; exclude 

Hegarty & Elmgree 
Lawyers 

2012 Wind farms and human health Letter to Profs Anderson and 
McCallum acting on behalf of 
Friends of Collector Inc. 

Commentary/opinion—letter; exclude 

Horner B 2012 Open letter audit: National Health and Medical 
Research Council updated literature review and 
NHMRC updated public statement 

Letter to Profs Anderson and 
McCallum at the NHMRC, and Dr 
Bruce Armstrong, University of 
Sydney 

Commentary/opinion—letter; exclude 

Horner B  2012 Comment on the ‘Wind Turbine Impact Study: 
Report of independent expert panel, January 
2012, prepared for Massachusetts Department of 
Environment Protection, Massachusetts 
Department of Public Health’ 

  Commentary/opinion—letter; exclude 

Horner B, Jeffery RD, 
Krogh CME  

2011 Literature reviews on wind turbines and health: 
are they enough? 

Bulletin of Science Technology & 
Society 2011; 31:399 

Background information on effectiveness of 
literature reviews of the health effects of 
wind turbines; exclude 

Howe Gastmeier Chapnik 
Limited 

2010 Low-frequency noise and infrasound associated 
with wind turbine generator systems: a literature 
review.  

Ontario Ministry of the 
Environment RFP no. OSS-078696 

Background information on wind turbine 
noise; exclude 

Hubbard HH, Shepherd KP 1990 Wind turbine acoustic  NASA Technical Paper 3057 
DOE/NASA/20320-77 

Background information on wind turbine 
acoustics; exclude 

Hygge S 2011 Noise and cognition in children University of Gävle, Gävle, 
Sweden, Elsevier BV  

Background information only; exclude 

IBM Consulting Services 2002 Traffic noise outside the home POR-02-65-S HealthInsider 2002 Background information only; exclude 

Independent Australia 2012 Study shows why misinformation works <http://www.independentaustral

ia.net/2012/environment/why-
misinformation-works/>  

Background information only; exclude 

Institute for Clinical 
Evaluative Sciences, Public 

2012 Seven more years: the impact of smoking, 
alcohol, diet, physical activity and stress on 

Report   Background information only; exclude 
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Health Ontario health and life expectancy in Ontario 

Intergovernmental Panel 
on Climate Change  

2012 Renewable energy sources and climate change 
mitigation 

  Background information only; exclude 

Inukai Y, Taya H, Yamada S 2005 Thresholds and acceptability of low-frequency 
pure tones by sufferers 

Journal of Low Frequency Noise, 
Vibration and Active Control 
2005; 24(3):163–169, 
doi:10.1260/0263092057753744
33 

Background information on low-frequency 
sound; exclude 

Iser D 2004 Local wind farm survey Dr David Iser's findings at Toora, 
Victoria, 2004   

Study—case series, no comparative 
analysis; exclude 

Ising H, Lange-
Asschenfeldt H, Moriske H, 
Born J, Eilts M 

2004 Low-frequency noise and stress: bronchitis and 
cortisol in children exposed chronically to traffic 
noise and exhaust fumes 

Noise Health 2004; 6:21–28 Background information on low-frequency 
noise and health effects; exclude 

James RR 2012 Wind turbine infra- and low-frequency sound: 
warning signs that were not heard 

Bulletin of Science, Technology & 
Society 2012; 32(2):108–127 

Background information on wind turbine 
low-frequency and infrasound; exclude 

Johansson M 2012 Speech at the General Meeting of Vestas Thursday 29 March 2012, Aarhus 
Concert Hall 

Commentary/opinion; exclude 

Jones, GP, Lukashkina, VA, 
Russell, IJ, Lukashkin, AN  

2010 The vestibular system mediates sensation of low-
frequency sounds in mice 

Journal of the Association for 
Research in Otolaryngology, 
2010; 11(4):725–732 

Study—unsuitable population; exclude 

Jung SS, Cheung W 2008 Experimental identification of acoustic emission 
characteristics of large wind turbines with 
emphasis on infrasound and low-frequency noise 

Journal of Korean Physical 
Society; 53:1897–1905  

Background information on wind turbine 
low-frequency noise and infrasound; 
exclude 

Kaiser-Wilhelm-Koog 
GmbH 

2006 WINDTEST Report of acoustical emissions of 
a wind turbine generator system 
type Acciona AW 82/1500 IEC lllb 
T80A LM40.3P in the Moncayuelo 
wind farm in Spain 

Background information only; exclude 

Kamp F, Sottek R, Fiebig A  2012 Lautheitswahrnehmung von tieffrequenten 
Schallen (Perception of loudness of low-
frequency sounds)  

HEAD acoustics GmbH; 
Conference paper, DAGA 2012  

Language not English; exclude 

Kasprzak C   The influence of infrasounds on the 
electrocardiograph patterns in humans  

Acoustic and Biomedical 
Engineering 2010; 118(1) 

Background information on effects of 
infrasound; exclude 

Keith SE, Michaud DS, Bly 
SHP  

2008 A proposal for evaluating the potential health of 
wind turbine noise for projects under the 

Journal of Low Frequency Noise, 
Vibration and Active Control 

Background information on wind turbine 
noise evaluation; exclude 
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Canadian Environmental Assessment Act 2008; 27(4):253–265 

Kemp AJ 2010 Written correspondence with medical opinion Medical information evidence of 
non-compliance 

Commentary/opinion—letter; exclude 

Knopper LD, Ollson C 2011 Health effects and wind turbines: a review of the 
literature 

Environmental Health 2011; 
10:78 
<http://www.ehjournal.net/cont
ent/10/1/78>  

Narrative review; exclude 

Krahé D.  2008 Why is sharp-limited low-frequency noise 
extremely annoying?  

Conference paper, Acoustics08, 
Paris, June 29 – July 4 2008 

Background information only; exclude 

Krogh CME 2010 A gross Injustice Paper presented to the First 
International Symposium on 
Adverse Health Effects from Wind 
Turbines, Picton, Ontario, 29–31 
October 2010 

Commentary/opinion; exclude 

Krogh CME 2012 Adverse health effects and industrial wind 
turbines 

Letter to Profs Anderson and 
McCallum at the NHMRC   

Commentary/opinion—letter; exclude 

Krogh CME 2011 Industrial wind turbine development and loss of 
social justice? 

Bulletin of Science Technology & 
Society 2011; 31:321 

Background information on social justice 
and wind energy; exclude 

Krogh CME 2012 Notice to stakeholders: Health Canada Wind 
Turbine Noise and Health Study 

Letter to Prime Minister Stephen 
Harper, Office of the Prime 
Minister, Ottawa 

Commentary/opinion—letter; exclude 

Krogh CME, Gillis L, 
Kouwen N 

2011 A self-reporting survey of adverse health effects 
associated with industrial wind turbines: the 
need for vigilance 

WindVOICE - Wind Vigilance for 
Ontario Communities  

Study; include 

Krogh CME, Horner B 2012 Open letter; peer review; Health Canada Wind 
Turbine Noise and Health Study 

  Narrative review; exclude 

Krogh CME, Jeffery RD, 
Aramini J, Horner B 

2012a Wind turbine noise perception, pathways and 
effects: a case study 

Inter-Noise Congress, 19–22 
August 2012, New York City 

Background information on wind turbine 
noise perception; exclude 

Krogh CME, Jeffery RD, 
Aramini J, Horner B 

2012b Annoyance can represent a serious degradation 
of health—wind turbine noise: a case study 

Inter-Noise Congress, 19–22 
August 2012, New York City  

Background information on wind turbine 
noise and annoyance; exclude 

Krogh CME, Jeffery RD, 
Aramini J, Horner B 

2012c Wind turbines can harm humans: a case study Inter-Noise, 19–22 August 2012, 
New York City  

Background information only; exclude 

Laurie S  2010 Blood pressures elevating dangerously after 
night-time wind turbine exposure (Australia) 

<www.windturbinesyndrome.co
m/news/>  

Background information on wind turbine 
syndrome; exclude 

Leake J, Byford H 2009 Officials cover up wind farm noise report The Sunday Times, 13 December Commentary/opinion; exclude 
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2009 

Legislative Assembly of 
Ontario 

2009 Official Report of Debates (Hansard), Standing 
Committee on General Government; Green 
Energy and Green Economy Act 2009 

  Background information only; exclude 

Leventhall G 2006 Infrasound from wind turbines: fact, fiction or 
deception 

Canadian Acoustics 2006; 34(2): 
29 

Background information on wind turbine 
infrasound; exclude 

Leventhall G 2005 How the ‘mythology’ of infrasound and low-
frequency noise related to wind turbines might 
have developed 

First International Meeting on 
Wind Turbine Noise: Perspectives 
for Control, Berlin 17–18 October 
2005 

Commentary/opinion; exclude 

Leventhall G 2009 Wind turbines: large, small and unusual Presentation Background information only; exclude 

Leventhall G 2009 Wind turbine syndrome: an appraisal   Commentary/opinion; exclude 

Leventhall G 2011 Wind farms and human health Presentation Background information only; exclude 

Leventhall G, Pelmear P, 
Benton S 

2003 A review of published research on low-frequency 
noise and its effects 

Department of the Environment, 
Food and Rural Affairs, Defra 
Publications, London, England 

Background information on low-frequency 
noise; exclude 

Maruyama Y   Noise issue report   Language not English; exclude 

Maruyama Y   Capacity x distance   Language not English; exclude 

Maschke C, Niemann H  2007 Health effects of annoyance induced by 
neighbour noise 

Noise Control Engineering Journal 
2001; 55(3):348–356(9) 

Background information on annoyance 
caused by noise; exclude 

McBride D, Rapley B 2010 Blade flicker, shadow flicker, glint: potential 
hazards of wind turbines 

Rapley and Bakker (eds) 2010, pp. 
79–92  

Background information on potential 
impacts of wind turbines; exclude 

McMurtry R 2011 Appendix C: Evidence of known adverse health 
effects to industrial wind turbines 

Submitted to the Appeal for 
Renewable Energy Approval 
issued to Kent Breeze Corp. and 
MacLeod Windmill Project Inc. 
(Kent Breeze Wind Farms) c/o 
Suncor Energy Services Inc., EBR 
Registry Number 011-1039 
Chatham-Kent, 16 January 2011 

Narrative review; exclude 

McMurtry R, Nissenbaum 
MA, Hanning C, Jeffery RD, 
Harrison J, James R, White 
DL, Horner B, Harrington 
B, Krogh CME 

2010 A primer on adverse health effects and industrial 
wind turbines, March 2010  

Prepared by the Society for Wind 
Vigilance 
<www.windvigilance.com/primer
_ahe.aspx>  

Commentary/opinion; exclude 
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McMurtry R, Nissenbaum 
MA, Hanning C, Jeffery RD, 
Harrison J, James R, White 
DL, Horner B, Harrington 
B, Krogh CME 

2010 Haste makes waste: an analysis of the National 
Health and Medical Research Council’s Wind 
turbines and health, a Rapid review of the 
evidence, July 2010’ 

Prepared for the Society for Wind 
Vigilance 

Background information—discussion and 
analysis of the NHMRC 2010 rapid review; 
exclude 

McMurtry RY 2011 Toward a case definition of adverse health 
effects in the environs of industrial wind 
turbines: facilitating a clinical diagnosis 

Bulletin of Science Technology 
and Society 2011; 31:316  

Background information on how to define 
health effects of wind turbines; exclude  

Mechanical Engineering 
Testing & Consulting 

2010 Assessment of noise from the proposed wind 
farm development around Mt Bryan, near the 
township of Hallett 

Prepared for Environment, 
Resources and Development 
Court, SA, by School of 
Mechanical Engineering, 
University of Adelaide, South 
Australia 

Background information on wind farm noise 
assessment; exclude 

Michaud DS, Bly SHP, Keith 
SE  

2008 Using a change in percentage highly annoyed 
with noise as a potential health effect measure 
for projects under the Canadian Environmental 
Assessment Act 

Canadian Acoustics 2008; 
36(2):13–28  

Background information on noise 
annoyance as a health effect; exclude 

Michaud DS, Keith SE, 
McMurchy D 

2005 Noise annoyance in Canada Noise & Health 2005; 7(27):39–47 Background information on noise 
annoyance as a health effect; exclude 

Michaud DS, Keith SE, 
McMurchy D 

2007 A proposal for evaluating the potential health of 
wind turbine noise for projects under the 
Canadian Environmental Assessment Act 

Second International Meeting on 
Wind Turbine Noise, Lyon, 
France, 20–21 September 2007 

Background information on wind turbine 
noise evaluation; exclude 

Mirowska M, Mroz E 2000 Effect of low-frequency noise at low levels on 
human health in light of questionnaire 
investigation 

Proceedings of Inter-Noise 
Congress 2000; 5:2809–2812 

Background information on low-frequency 
noise and human health; exclude 

Moller H, Pedersen CS 2011 Low-frequency noise from large turbines Section of Acoustics, Aalborg 
University; J Acoustical Society 
America 2011; 129:3727–3744 

Background information on noise 
description of wind turbines ; exclude 

Moller H, Pedersen CS 2004 Hearing at low and infrasonic frequencies Noise and Health 2004; 6(23):37–
57 

Background information only; exclude 

Moller H, Pedersen CS 2011 Low-frequency wind turbine noise Journal of the Acoustical Society 
of America 2011; 129(6):3725–
3743 

Background information on noise 
description of wind turbines; exclude 

Morris M 2012 Waterloo Wind Farm Survey    Links 2,3 and 4 opinion papers/letters only; 
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exclude. Link 1 included for additional data 
to Morris 2012 Survey. 

Morris M 2012 Waterloo Wind Farm Survey April 2012: Part 2—
Graphs 

This document is to be read in 
conjunction with ‘Waterloo Wind 
Farm Survey April 2012 – Select 
Committee’ by M Morris  

Study; include 

New South Wales 
Landscape Guardians Inc. 

2011a What is wrong with the current noise assessment 
for wind turbines in NSW? July 2011 

  Commentary/opinion; exclude 

New South Wales 
Landscape Guardians Inc. 

2012 Submission to Health Canada regarding Health 
Canada Wind Turbine Noise and Health Study, 
August 2012 

  Not found by cut-off date; exclude 

New South Wales 
Landscape Guardians, Inc. 

2011b Grounds for an appeal against NSWLEC 59 [2007] 
and NSWLEC 1102 [2010], the Taralga and Gullen 
Range Wind Farm Cases, August 2011 

  Commentary/opinion; exclude 

New South Wales. 
Parliament, Legislative 
Council; General Purpose 
Standing Committee No. 5 

2009 Rural wind farms   Background information on legislation for 
wind farm projects; exclude 

New South Wales. 
Parliament, Legislative 
Council; General Purpose 
Standing Committee No. 5 

2009 Inquiry into rural wind farms Media release, Wednesday 16 
December 2009 

Commentary/opinion; exclude 

NHS Choices 2010 Wind turbine sound 'needs research' NHS Knowledge Service 28, 
January 2010 

Commentary/opinion; exclude 

Niemann H, Bonnefoy X, 
Braubach M, Hecht K, 
Maschke C, Rodrigues C, 
Robbel N. 

2006 Noise-induced annoyance and morbidity results 
from the pan-European LARES study 

Noise Health 2006; 8:63–79 Background information on annoyance 
caused by noise; exclude 

Niemann H, Maschke C 2004 WHO LARES: report on noise effects and 
morbidity 

  Background information on noise and 
morbidity; exclude 

Nissenbaum MA  2010 Wind turbines, health, ridgelines and valleys   Duplicate study/data—an updated version 
identified and included (Nissenbaum, 
Aramini, Hanning 2012); exclude 

Nissenbaum MA  2009 Mars Hill Wind Turbine Project health effects: 
preliminary findings 

Presentation to Maine Medical 
Association, March 2009 

Preliminary study data presented in 
PowerPoint, with no comparative analysis; 
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exclude 

Nissenbaum MA, Aramini 
JJ, Hanning CD 

2011 Adverse health effects of industrial wind 
turbines: a preliminary report 

Conference paper, 10th 
International Congress on Noise 
as a Public Health Problem 
(ICBEN) 2011, London, UK 

Duplicate study/data—an updated version 
identified and included (Nissenbaum, 
Aramini, Hanning 2012); exclude 

Nissenbaum MA, Aramini 
JJ, Hanning CD 

2012 Effects of industrial wind turbine noise on sleep 
and health 

Noise & Health 2012; 14(60):237–
43 

Study; include 

Nobbs B, Doolan CJ, 
Moreau DJ  

2012 Characterisation of noise in homes affected by 
wind turbine noise 

Australian Acoustical Society Background information on characterisation 
of wind turbine noise; exclude 

Noise Association, The 
(UK) 

2009 Location, location, location: an investigation into 
wind farms and noise by the Noise Association  

<http://windconcernsontario.files
.wordpress.com/2009/07/ukna-
windfarmreport.pdf> 

Background information on wind turbine 
location impact; exclude 

Ogido R, Costa EA, 
Machado Hda C 

2009 Prevalence of auditory and vestibular symptoms 
among workers exposed to occupational noise 

Departamento de Medicina 
Preventiva e Social, Universidade 
Estadual de Campinas, Campinas, 
SP, Brazil; Revista de Saude 
Publica 2009; 43(2):377–380  

Language not English; exclude 

O’Neal RD, Hellweg RD Jr, 
Lampeter RM 

2011 Low-frequency noise and infrasound from wind 
turbines 

Noise Control Engineering 2011; 
59(2) 

Background information on wind farm 
measurements and guidelines; exclude 

Ontario Ministry of Health 2011 Open minds, healthy minds: Ontario's 
comprehensive mental health and addictions 
strategy 

  Background information only; exclude 

Ontario Ministry of Health 2010 Health, not health care: changing the 
conversation 

2010 Annual Report of the Chief 
Medical Officer of Health of 
Ontario and the Legislative 
Assembly of Ontario 

Background information only; exclude 

Ontario Ministry of the 
Environment 

  Sound level adjustments Publication NPC-104 Background information only; exclude 

Palmer W   Learning from evidence of sound experienced 
from wind turbines 

  Commentary/opinion; exclude 

Papadopoulos G 2012 Wind turbines and low-frequency noise: 
implications for human health 

  Commentary/opinion; exclude 

Park J, Robertson J 2009 A portable infrasound generator Infrasound Laboratory, University 
of Hawaii, 2009 Acoustical 
Society of America;  

Background information only; exclude 
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doi: 10.1121/1.3093797  

Parkesbourne/Mummel 
Landscape Guardians Inc. 

2012 NSW Planning Guidelines—Wind farms: a 
resource for the community, applicants and 
consent authorities (draft)  

Submission to the NSW 
Department of Planning & 
Infrastructure, March 2012 

Guidelines/ regulations; exclude 

Pedersen E 2010 Health aspects associated with wind turbine 
noise: results from three field studies 

Noise Control Engineering Journal 
2010; 59(1):47–53 

Study; include (also identified in the black 
literature search) 

Pedersen E, Hallberg LRM, 
Persson Waye K 

2007 Living in the vicinity of wind turbines: a grounded 
theory study. 

Qualitative Research in 
Psychology 2007; 4(1):49–63 

Study—qualitative design; exclude 

Pedersen E, Larsman P 2008 The impact of visual factors on noise annoyance 
among people living in the vicinity of wind 
turbines 

Journal of Environmental 
Psychology 2008; 28:379–389 

Study; include (also identified in the black 
literature search) 

Pedersen E, Persson Waye 
K 

2004 Perception and annoyance due to wind turbine 
noise—a dose-response relationship. 

Journal of the Acoustical Society 
of America 2004; 116(6):3460–
3470 

Study; include (also identified in the black 
literature search) 

Pedersen E, Persson Waye 
K 

2007 Wind turbine noise, annoyance and self‐reported 
health and well‐being in different living 
environments 

Occupational and Environmental 
Medicine 2007; 64(7):480–486  

Study; include (also identified in the black 
literature search) 

Pedersen TH, Nielsen KKS  1994 Annoyance by noise from wind turbines Report no. 150, DELTA Acoustic 
and Vibration, Lydtekniske 
Institute, Copenhagen [in Danish] 

Language not English; exclude 

Persson Waye K  2004 Effects of low-frequency noise on sleep  Noise Health 2004; 6:87–91 Background information on low-frequency 
noise and sleep; exclude 

Persson Waye K, Rylander 
R 

2001 The prevalence of annoyance and effects after 
long-term exposure to low-frequency noise 

Journal of Sound and Vibration 
2001; 240(3):483–497 

Background information on low-frequency 
noise and annoyance; exclude 

Persson Waye K, Rylander 
R, Benton S, Leventhall HG 

1997 Effects on performance and work quality due to 
low-frequency ventilation noise 

Journal of Sound and Vibration 
1997; 205(4):467–474 

Background information on noise and work 
performance; exclude 

Persson Waye K, 
Bengtsson J, Rylander R, 
Hucklebridge F, Evans P, 
Chow A 

2002 Low-frequency noise enhances cortisol among 
noise sensitive subjects 

Life Sciences 2002; 70:745–758 Background information on health effects of 
low-frequency noise; exclude 

Persson Waye K, 
Bengtsson J, Kjellberg A, 
Benton S 

2001 Low-frequency noise ‘pollution’ interferes with 
performance 

Noise Health 2001; 4:33–49 Background information on low-frequency 
noise; exclude 

Persson Waye K, Clow A, 
Edwards S, Hucklebridge F, 

2003 Effects of night time low-frequency noise on the 
cortisol response to awakening and subjective 

Life Sciences 2003; 72:863–875  Background information on low-frequency 
noise and sleep; exclude 
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and Rylander R sleep quality 

Philips CV 2011 Properly interpreting the epidemiologic evidence 
about the health effects of industrial wind 
turbines on nearby residents 

Populi Health Institute, Wayne, 
PA, USA; Bulletin of Science, 
Technology & Society 2011; 
31:303–315; 
doi:10.1177/0270467611412554 

Background information on interpretation 
of health effects of wind turbines; exclude  

Phillips CV 2011 Submission to the Australian Senate by CV 
Phillips on ‘the health effects of wind turbines on 
nearby residents’ re the social and economic 
impact of rural wind farms, 9 February 2011 

  Commentary/opinion; exclude 

Phipps R  2007 Evidence of Dr Robyn Phipps, In the Matter of 
Moturimu Wind Farm Application, heard before 
the Joint Commissioners, 8–26 March, 2007, 
Palmerston North, NZ 

  Commentary/opinion; exclude 

Pierpont N 2010 Wind turbine syndrome and the brain Conference paper, First 
International Symposium on the 
Global Wind Industry and 
Adverse Health Effects: Loss of 
social justice?, Picton, Ontario, 
Canada, 30 October 30 2010 

Background information on wind turbine 
syndrome; exclude 

Pierpont N 2007   Letter to Geoff Leventhall, 
Consultant in Noise and Vibration 
and Acoustics, 14 January 2007 

Commentary/opinion—letter; exclude 

Punch J, James R, Pabst D 2010 Wind turbine noise: what audiologists should 
know 

Audiology Today 2010; 
July/August issue  

Background information on wind turbine 
noise; exclude 

PWC Consulting 2002 Noise proprietary questions for Health Canada HealthInsider 2002; 7 Background information only; exclude 

Radneva R  1997 Studying the effect of acoustic conditions in the 
living environment of multifamily buildings on 
inhabitants (Bulg.) 

Khig. Zdraveopazvane 1997; 
40(3–4):40–44  
EMBASE record 1998252323 

Background information on built 
environment acoustics; exclude 

Rand RW, Ambrose SE, 
Krogh CME 

2011 Occupational health and industrial wind turbines: 
a case study 

Published online, doi: 
10.1177/0270467611417849, 
Bulletin of Science, Technology & 
Society 2011; 31:359–362 

Commentary/opinion—sound 
measurements and personal experience of 
symptoms at an individual home near a 
turbine; exclude 
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Rapley B, Bakker H 
(editors) 

2010 Sound, noise, flicker and the human perception 
of wind farm activity 

Atkinson & Rapley Consulting Ltd 
(Palmerston North, New 
Zealand), in association with 
Noise Measurement Services Pty 
Ltd (NMS) (Brisbane, Australia) 

Background information, book requiring 
payment; exclude 

Rideout K, Copes R, Bos C 2010 Wind turbines and health: evidence review National Collaborating Centre for 
Environmental Health (Canada) 

Background information only; exclude 

Rider CV, Dourson M, 
Hertzberg RC, Mumtaz 
MM, Price PS, Simmons JE 

2012 Incorporating Nonchemical Stressors into 
Cumulative Risk Assessment 

Toxicological Sciences Advance 
Access; published 17 February 
2012 

Background information only; exclude 

Robert Koch Institute 2007 Infraschall und tieffrequenter Schall:  ein Thema 
für den umweltbezogenen Gesundheitsschutz in 
Deutschland? (Subsonic low-frequency sound: a 
topic for the environmentally related health 
protection?)  

Bundesgesundheitsbl – 
Gesundheitsforsch – 
Gesundheitsschutz 2007; 
50:1582–1589 

Language not English; exclude 

Roberts M, Roberts J 2009 Evaluation of the scientific literature on the 
health effects associated with wind turbines and 
low-frequency sound 

Prepared for Wisconsin Public 
Service Commission Docket No. 
6630-CE-302 

Narrative review; exclude 

Salt AN  2004 Acute endolymphatic hydrops generated by 
exposure of the ear to non-traumatic low-
frequency tone  

Journal of the Association of 
Research in Otolaryngology 2004; 
5:203–214 

Background information on effects of low-
frequency sound; exclude 

Salt AN 2010 Wind turbines are hazardous to human health <www.oto2.wustl.edu/cochlea/w
ind.html> and at 
<www.windvigilance.com> 

Background information on wind turbine 
infrasound; exclude 

Salt AN, Hullar TE 2010 Responses of the ear to low-frequency sounds, 
infrasound, and wind turbines 

Hearing Research 2010; 268(1–
2):12–21 

Background information on effects of 
infrasound and low-frequency noise from 
wind turbines; exclude 

Salt AN, Lichtenhan JT 2011 Responses of the inner ear to infrasound Fourth International Meeting on 
Wind Turbine Noise, Rome, Italy, 
12–14 April 2011 

Background information on effects of 
infrasound; exclude 

Salt AN, Lichtenhan JT 2012 Perception-based protection from low-frequency 
sounds may not be enough 

Inter-Noise Congress, 19–22 
August 2012, New York City 

Background information on effects of low-
frequency sound; exclude 

Schust M  2004 Effects of low-frequency noise up to 100 Hz Noise & Health 2004; 6 23):73–85 Background information on effects of low-
frequency sound; exclude 

Senanayake MP 2002 Noise from power generators: its impact on the Sri Lanka Journal of Child Health Background information only; exclude 
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health of five children below two years of age 2002; 31:115–117 

Senate, The; Community 
Affairs References 
Committee 

2011 The social and economic impact of rural wind 
farms, June 2011 

  Background information with no health 
outcomes; exclude 

Sennheiser J 2011 The city and its secret vibrations    Commentary/opinion; exclude 

Shepherd D 2012 Wind farms and health: who is fomenting 
community anxieties? 

Medical Journal of Australia 
2012; 196(2) 

Commentary/opinion—letter; exclude 

Shepherd D 2010 Wind turbine noise and health in the New 
Zealand context 

Rapley and Bakker (eds) 2010, pp. 
15–68  

Background information only; exclude 

Shepherd D 2010   Submission by Daniel Shepherd, 
Auckland University of 
Technology 

Background information and review; 
exclude 

Shepherd D, Billington R 2011 Mitigating the acoustic impacts of modern 
technologies: acoustic, health and psychosocial 
factors informing wind farm placement 

Bulletin of Science Technology & 
Society 2011; 31:389, originally 
published online 22 August 2011 

Background information on acoustic impact 
of technology; exclude 

Shepherd D, Hanning C, 
Thorne B 

2012 Noise: windfarms   Background information on wind farm 
noise; exclude 

Shepherd KP, Hubbard HH 1989 Noise radiation characteristics of the 
Westinghouse WWG-0600 (600 kW) wind turbine 
generator 

National Aeronautics and Space 
Administration, TM101576, July 
1989 

Background information only; exclude 

Simonetti T, Chapman S 2012 Is there any disease or symptom NOT caused by 
wind turbines? 

  List of symptoms with related weblinks, no 
additional references to include; exclude 

Siponen D 2011 The assessment of low-frequency noise and 
amplitude modulation of wind turbines 

Conference paper, 4th 
International Meeting on Wind 
Turbine Noise, Rome, Italy, 12–14 
April 2011 

Background information on assessment of 
low-frequency noise from wind turbines; 
exclude 

Smedley ARD, Webb AR, 
Wilkins AJ 

2010 Potential of wind turbines to elicit seizures under 
various meteorological conditions 

Epilepsia 2010; 51(7):1146–1151  Background information of modelling for 
linking epileptic seizures to turbine shadow 
flicker; exclude  

Society for Wind Vigilance 2010a Wind energy industry acknowledgement of 
adverse health effects: an analysis of the 
American/Canadian Wind Energy Association-
sponsored wind turbine sound and health 
effects: an expert panel review, December 2009 

Prepared by the Society for Wind 
Vigilance, January 2010 

Background information only; exclude 
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Society for Wind Vigilance 2010b Delay, denial and disappointment: an analysis of 
the Chief Medical Officer of Health (CMOH) of 
Ontario’s ‘The potential health impacts of wind 
turbines’, May 2010 

Prepared by the Society for Wind 
Vigilance, 3 June 2010  

Background information and analysis of 
CMOH of Ontario review; exclude 

Sonus Pty Ltd 2010 Wind farms technical paper: environmental noise Prepared for the Clean Energy 
Council, November 2010, 
S3387C6 

Background information on wind farm infra 
sound; exclude 

Sonus Pty Ltd 2010 Infrasound measurements from wind farms and 
other sources 

  Background information on infrasound; 
exclude 

Standing Senate 
Committee on Energy, The 
Environment and Natural 
Resources 

2011 Industrial wind turbines and health: wind 
turbines can harm humans 

The Society for Wind Vigilance List of abstracts, no additional references to 
include; exclude 

Standing Senate 
Committee on Energy, The 
Environment and Natural 
Resources 

2011 Industrial wind turbines and health: wind 
turbines can harm humans 

Presentation, 18 October 2011 Background information on health effects of 
wind farm noise; exclude 

Styles P, Stimpson I, Toon 
S, England R, Wright M 

2005 Microseismic and infrasound monitoring of low-
frequency noise and vibrations from windfarms: 
recommendations on the siting of windfarms in 
the vicinity of Eskdalemuir, Scotland 

Keele University Guidelines/regulations for wind farm siting; 
exclude 

Suter AH 1991 Noise and its effects Administrative Conference of the 
United States 

Background information on noise and its 
impact; exclude 

Swinbanks MA 2012 Infrasound from wind turbines  Letter from Malcolm Swinbanks Commentary/opinion—letter; exclude 

Swinbanks MA 2011 The audibility of low-frequency wind turbine 
noise  

Fourth International Meeting on 
Wind Turbine Noise, Rome, Italy, 
12–14 April 2011 

Background information on low-frequency 
noise; exclude 

Swinbanks MA 2012 Numerical simulation of infrasound perception, 
with reference to prior reported laboratory 
effects  

Inter-Noise Congress 2012, 19–22 
August 2012, New York City 

Background information on infrasound 
perception; exclude 

Swinbanks MA 2012 Numerical simulation of infrasound perception, 
with reference to prior reported laboratory 
effects.  

Power Point presentation at 
Inter-Noise Congress, 19–22 
August 2012, New York City 

Background information on infrasound 
perception; exclude 

Swinbanks MA 2012 Numerical simulation of infrasound perception, 
with reference to prior reported laboratory 

Paper presented to the First 
International Symposium on 

Background information on infrasound 
perception; exclude 
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effects Adverse Health Effects from Wind 
Turbines, Picton, Ontario, 29–31 
October 2010 

Swinbanks MA 2011 Wind turbines: low-frequency noise, infrasound 
& health effects 

Scottish National Wind 
Conference, Friday 11 November 
2011, Prestwick, Scotland 

Background information on wind turbine 
noise; exclude 

Tamura H, Ohgami N, 
Yajima I, Iida M, Ohgami K, 
Fujii N, Itabe H, Kusudo T, 
Yamashita H, Kato M  

2012 Chronic exposure to low-frequency noise at 
moderate levels causes impaired balance in mice 

PLOS ONE: research article, 
published 29 June 2012; doi: 
10.1371/journal.pone.0039807 

Study—unsuitable population; exclude 

Tharpaland International 
Retreat Centre 

2003 Effects of windfarms on meditative retreaters: a 
human impact assessment (Tharpaland 
International Retreat Centre) 

  Commentary/opinion regarding visitors to 
an area proximal to a wind farm; exclude 

Tharpaland International 
Retreat Centre 

2004 An assessment of infrasound and other possible 
causes of the adverse effects of windfarms  

  Background information on possible cause 
of health effects near wind farms; exclude 

Tharpaland International 
Retreat Centre 

  Executive summary: Three windfarm studies and 
an assessment of infrasound 

Submission by Tharpaland 
International Retreat Centre 
(accompanied by additional 
documents) 

Background information on health effects of 
wind farms; exclude 

The Acoustic Group Pty 
Ltd 

2012 Peer review of environmental noise assessment: 
Collector Wind Farm 42.5006.R1:ZSC 

Prepared for Friends of Collector, 
C/- Hegarty and Elmgreen 

Background information on noise effects, 
opinion paper; exclude 

The Acoustic Group Pty 
Ltd 

2012 Annexure A Prepared for Friends of Collector, 
C/- Hegarty and Elmgreen 

Background information on noise and wind 
farms; exclude 

The Acoustic Group Pty 
Ltd 

2011 Peer review of acoustic assessment: Flyers Creek 
Wind Farm 41.4963.R1A:ZSC 

Prepared for Flyers Creek Wind 
Turbine Awareness Group Inc., 15 
December 2011 

Background information on acoustic 
assessment; exclude 

The Regional Municipality 
of Durham 

2010 Correspondence advising of the resolution 
passed by the city of Oshawa: A. Endorsing the 
city of Pickering's motion requesting the region 
of Durham retain an integrity commissioner; B. 
Advising that the city of Oshawa will accept its 
share of the cost on per-use basis  

  Commentary/opinion—letter; exclude 

The Regional Municipality 
of Durham 

2010 The potential health impact of wind turbines Report No. 2010-MOH-18 Narrative review; exclude 

Thorne R 2011 The problem with 'noise numbers' for wind farm Bulletin of Science, Technology Narrative review; exclude 
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noise assessment and Society 2011; 31(4):262–290 

Thorne R 2010 Hearing and personal response to sound Rapley and Bakker (eds) 2010, pp. 
69–78  

Background information only; exclude 

Thorne R 2010 Health, wellbeing, annoyance and amenity Rapley and Bakker (eds) 2010, pp. 
93–101 

Background information only; exclude 

Thorne R 2010 Synopsis of assessing intrusive noise and low-
amplitude sound 

Rapley and Bakker (eds) 2010, pp. 
111–125 

Background information only; exclude 

Thorne R 2010 Wind farms: the potential for annoyance Rapley and Bakker (eds) 2010, pp. 
127–133  

Background information only; exclude 

Thorne R 2010f Noise from wind turbines Rapley and Bakker (eds) 2010, pp. 
217–224  

Background information only; exclude 

Thorne R 2011 Wind farms in a rural environment and potential 
for serious harm to human health due to noise 

Submission to the Senate 
Community Affairs Committee, 
‘Inquiry into the social and 
economic impacts of rural wind 
farms’, 30 January 2011, rev.1  

Commentary/opinion paper; exclude 

Thorne R, Rapley B, Heilig J  2010 Waubra Wind Farm Noise Impact Assessment for 
Mr & Mrs Dean; Report no. 1537, Rev. 1, July 
2010 

  Background information on wind turbine 
noise assessment, particularly at the 
Waubra Wind Farm; exclude 

Todd N  2001 Evidence for a behavioural significance of 
saccular acoustic sensitivity in humans 

Journal of the Acoustical Society 
of America 2001; 110(1):380–
390. 

Background information only; exclude 

Todd NP, Rosengren SM, 
Colebatch JG 

2008 Tuning and sensitivity of the human vestibular 
system to low-frequency vibration 

Faculty of Life Science, University 
of Manchester, UK; Neuroscience 
Letters 2008; 444(1):36–41  
Epub 8 August 2008  

Background information only; exclude 

Tognato C, Spoehr J 2012 The energy to engage: wind farm development 
and community engagement in Australia 

Report prepared for the Institute 
for Mineral and Energy 
Resources, The University of 
Adelaide 

Background information on community 
engagement and wind farms; exclude 

Turnbull C, Turner J, Webb 
D 

2012 Infrasound measurement results in Australia near 
wind turbines and other infrasound sources 

Acoustics Australia (2012) Vol. 40, 
No. 1 

Background information—infrasound 
measurements, no health outcomes; 
exclude 

UK Noise Association 2006 Location, location, location: an investigation into 
wind farms and noise 

  Narrative review, personal testimonies; 
exclude 
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University of Gothenburg 2008 Wind farm perception: visual and acoustic impact 
of wind turbine farms on residents; final report 

FP6-2005-Science-and-Society-
20; Specific Support Action, 
Project no. 044628 

Duplicate study/data—duplication of data 
from included study (van den Berg et al., 
see below); exclude  

Van den Berg GP 2005 The beat is getting stronger: the effect of 
atmospheric stability on low-frequency 
modulated sound by wind turbines  

Journal of Low Frequency Noise, 
Vibration, and Active Control 
2005; 24(1):1–24 

Background information on wind turbine 
noise measurement; exclude 

Van den Berg GP 2003 Effects of the wind profile at night on wind 
turbine sound 

Journal of Sound and Vibration 
doi:10.1016/j.jsv.2003.09.050 

Background information on wind turbine 
noise measurement; exclude 

Van den Berg GP  2001 Do wind turbines produce significant low-
frequency sound levels? 

Conference paper: 11th Meeting 
on Low Frequency Noise and 
Vibration and its Control, August 
30 – September 1, Maastricht, 
Holland  

Background information on wind turbine 
low-frequency noise; exclude 

Van den Berg F, Pedersen 
E, Bouma J, Bakker R 

  Visual and acoustic impact of wind turbine farms 
on residents 

<https://www.wind-

watch.org/documents/visual-
and-acoustic-impact-of-wind-

turbine-farms-on-residents/> 

Study; include (provides additional 
information to the study by Bakker et al. 
(2012) identified in the black literature 
search) 

Wang Z 2011 Evaluation of wind farm noise policies in South 
Australia: a case study of Waterloo Wind Farm 

Case study Study—does not include any comparative 
analysis, includes the same population as 
Morris's study (residents living near 
Waterloo Wind Farm); exclude 

Watts CJ 2011 Submission to Department of Planning and 
Infrastructure on proposed Flyers Creek Wind 
Farm, Blayney local government area  

Flyers Creek Wind Turbine 
Awareness Group Inc. 

Commentary opinion—response to the 
proposal for wind farm at Flyers Creek, 
NSW; exclude 

Watts CJ 2011 Flyers Creek submission: personal letters, 15 
December 2011 

  Commentary/opinion—letters; exclude 

Watts AC, Watts CJ 2012 Draft NSW Planning Guidelines Wind Farms 
submission, NSW Department of Planning and 
Infrastructure 

  Background information on wind farm 
planning guidelines; exclude 

Watts AC, Watts CJ 2012 Collector Wind Farm MP 10_0156; Proposed 
Collector Wind Farm, Upper Lachlan local 
government area (Ratch Australia Corporation): 
noise and health 

  Background information on wind farm noise 
and effects, particularly the Waubra Wind 
Farm; exclude 

Waubra Foundation 2012 Submission by Dr Sarah Laurie, CEO Waubra 
Foundation 

  Commentary/opinion—letter; exclude 
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Waubra Foundation 2012 Wind turbine acoustic pollution assessment 
requirements 

  Commentary/opinion; exclude 

Waubra Foundation 2011 Brief summary of field data collected from 
residents and visitors adversely impacted by 
infrasound and low-frequency noise (ILFN) 
emissions from a variety of sources in Australia 

  Study—qualitative design; exclude 

Waubra Foundation 2012 Collector Wind Farm development Hon Brad Hazzard, Director 
General, NSW Department of 
Planning, individuals responsible 
for the decision re the Collector 
Wind Development  

Not found by cut-off date; exclude 

Wind Watch   Wind energy facilitates local law, town of 
Litchfield, New York 

  Commentary/opinion; exclude 

Wolsink M, Sprengers M  1993 Wind turbine noise: a new environmental threat?  Proceedings of the Sixth 
International Congress on the 
Biological Effects of Noise, ICBEN, 
Nice, France, 1993; 2:235–238 

Background information only; exclude 

Wolsink M, Sprengers M, 
Keuper A, Pedersen TH, 
Westra CA  

1993 Annoyance from wind turbine noise on sixteen 
sites in three countries. 

Proceedings of the European 
Community Wind Energy 
Conference, Lubeck, Travemunde, 
1993; 273–276 

Not found by cut-off date; exclude 

World Health Organization 1990 Guidelines for community noise, ed. by Berglund, 
B, Lindvall, T, Schwela, DH, World Health 
Organization, 1999  

  Guidelines/regulations for acceptable noise 
levels; exclude 

World Health Organization   Constitution of the World Health Organization   Background only; exclude 

World Health Organization 2003 WHO definition of health   Background only; exclude 

World Health Organization 1998 Health promotion glossary   Background only; exclude 

World Health Organization 2008 Closing the gap in a generation: health equity 
through action on the social determinants of 
health 

  Background only; exclude 

World Health Organization 2009 Noise and health Copy of email correspondence Background information on health effects of 
noise; exclude 

World Health Organization 2011 Occupational and community noise  Fact sheet no. 258 Background information on health effects of 
noise; exclude 

World Health Organization 2010 Mental health: strengthening our response Media centre fact sheet no. 220, Background only; exclude 
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September 2010 

World Health Organization 
Europe 

2009 Night Noise Guidelines for Europe, World Health 
Organization, Copenhagen, 2009  

  Guidelines/regulations for acceptable noise 
levels; exclude 

World Health 
Organization, Health and 
Welfare Canada 

1986 Ottawa Charter for Health Promotion   Background information only; exclude 

World Health 
Organization, Regional 
office for Europe 

2012 Environmental health in equities in Europe   Background information only; exclude 

World Health 
Organization, Regional 
office for Europe 

2004 WHO LARES final report: Noise effects and 
morbidity 

  Background information on health effects of 
noise; exclude 

World Health 
Organization, Regional 
office for Europe 

2004 WHO LARES final report: Noise effects and 
morbidity 

Copy of website page Background information on health effects of 
noise; exclude 

World Health 
Organization, Regional 
office for Europe 

2007 Large analysis and review of European housing 
and health status (LARES): preliminary overview 

  Background information only; exclude 

Yang Y 2009 Gene and protein expression patterns in the rat 
inner ear during ototoxicity and otoprotection 

Dissertation Study—unsuitable population; exclude 
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The Director General 
Maisons-Alfort, 14 February 2017 

OPINION 
of the French Agency for Food, Environmental 

and Occupational Health & Safety 

Exhibit A4-3 

regarding the expert appraisal on the "Assessment of the health effects of low-frequency 
sounds and infrasounds from wind farms" 

ANSES undertakes independent and pluralistic scientific expert assessments. 
ANSES primarily ensures environmental, occupational and food safety as well as assessing the potential health risks 
they may entail. 
It also contributes to the protection of the health and welfare of animals, the protection of plant health and the evaluation 
of the nutritional characteristics of food. 

It provides the competent authorities with all necessary information concerning these risks as well as the requisite 
expertise and scientific and technical support for drafting legislative and statutory provisions and implementing risk 
management strategies (Article L.1313-1 of the French Public Health Code). 

Its opinions are published on its website. 
This opinion is a translation of the original French version. In the event of any discrepancy or ambiguity the French 
language text dated 14 February 2017 shall prevail. 

On 4 July 2013, ANSES received a formal request from the Directorate General for Risk 
Prevention (DGPR) and the Directorate General for Health (DGS) to undertake the following expert 
appraisal: assessment of the health effects of low-frequency sounds and infrasounds from wind 
farms. 

1. BACKGROUND AND PURPOSE OF THE REQUEST 

The development of wind turbines as renewable sources of electrical energy has led to questions 
about their potential to produce low-frequency sounds (20 Hz to 200 Hz) and infrasounds {below 
20 Hz), and their possible impact on health. 

In March 2006, the French National Academy of Medicine considered, in a report on the impact of 
the operation of wind turbines on human health, that the noise impact of wind farms is comparable 
to that of airports, transport infrastructure and factories. This report recommended classifying wind 
farms as "industrial zones" and keeping a minimum distance of 1,500 metres between wind 
turbines and residential areas. 

Further to a new request from the DGPR and DGS, the French Agency for Environmental Health 
(AFSSE) concluded, in its report entitled "Health effects of noise from wind turbines" published in 
March 2008, that the noise emissions of wind turbines have no direct consequences on health, 
whether in terms of the auditory system or effects related to exposure to low frequencies and 
infrasounds. This report also considered that setting a systematic minimum distance of 1,500 
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metres, without taking into account the environment (topographic in particular) of the wind farm, did 
not seem appropriate. 

The French regulations on wind turbines have since been amended, with the introduction of a 
minimum separation distance of 500 metres from any residential dwelling, and then the 
classification of wind farms in the regime of Classified Installations for the Protection of the 
Environment (ICPE, Ministerial Orders of 26 August 2011). These texts consider the octave bands 
from 125 to 4,000 Hz. Very low frequencies and infrasounds, which are more difficult to measure, 
are currently not taken into account.  

As highlighted in a review of the French and foreign regulations produced in 2014 by the French 
Information and Documentation Centre on Noise (CIDB), at ANSES's request, there are currently 
no harmonised regulations in the European Union specific to noise from wind turbines or to 
infrasounds and low-frequencies from all other noise sources. Only a few national guidelines 
include specific provisions on wind farms. Most of the complaints filed about low-frequency noises 
have been related to situations of exposure inside buildings. Some countries1 have therefore 
formulated recommendations on exposure to low-frequency noises and infrasounds inside homes, 
most often located near industrial facilities.  

In France, complaints from local residents regarding noise from wind turbines have been reported 
to the DGPR by Regional Directorates of the Environment, Land-Use Planning and Housing 
(DREALs). 

In this context, on 4 July 2013, the French Agency for Food, Environmental and Occupational 
Health & Safety (ANSES) received a formal request from the Directorate General for Risk 
Prevention (DGPR) and the Directorate General for Health (DGS) to assess the health effects of 
low-frequencies and infrasounds from wind farms. The Agency was asked to address the following 
points in particular: 

• conduct a review of the available knowledge of the auditory and extra-auditory health 
effects of wind farms, in particular in the area of low-frequencies and infrasounds; 

• study the regulations implemented in countries, mainly European, faced with the same 
issues; 

• measure the noise impact of wind farms, especially of those where disturbance has been 
reported by local residents, taking into account the contributions of low-frequencies and 
infrasounds; 

• propose avenues of improvement taking into account possible health effects in the 
regulations, as well as recommendations to better understand these health effects in impact 
assessments for wind turbine projects. 

2. EXPERT APPRAISAL METHOD 

Organisation of the expert appraisal 

ANSES entrusted the examination of this formal request to the Working Group on the "Health 
effects of low frequencies and infrasounds from wind farms", reporting to the Expert Committee 
(CES) on the "Assessment of risks related to physical agents, new technologies and development 
areas". 

1 For example, Denmark officially included low-frequency sound in its regulations on the noise impact of wind farms. But 
the insulation values used to calculate levels of exposure to low-frequency sounds in homes are controversial. 
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This Working Group, set up following a public call for applications, brought together experts 
selected for their competence and independence in complementary scientific and technical fields. It 
held 27 plenary meetings (at ANSES) between April 2013 and October 2016.  

Several hearings with stakeholders and eminent scientists were held during these meetings, to 
enable the Working Group to have all useful and necessary information to undertake the expert 
appraisal. 

Lastly, two additional studies were requested, as part of the research and development 
agreements financed by ANSES: 

• a review, by the CIDB, of the current regulations on low-frequency noise, applying to wind 
turbines in France and abroad; 

• an analysis of the socio-economic context surrounding the construction of wind farms, by 
the International Environment and Development Research Centre (CIRED)2. 

The methodological and scientific aspects of this expert appraisal work were regularly submitted to 
the CES. The produced report and collective expert appraisal summary take into account the 
comments and additional information provided by the members of the CES. 

The expert appraisal was carried out in accordance with French Standard NF X 50-110 “Quality in 
Expert Appraisals – General Requirements of Competence for Expert Appraisals”.  

ANSES analyses interests declared by experts before they are appointed and throughout their 
work in order to prevent risks of conflicts of interest in relation to the points addressed in expert 
appraisals. 

The experts’ declarations of interests are made public via the ANSES website (www.anses.fr). 

Description of the expert appraisal method 

■ Measurement campaigns on exposure to noise from wind turbines 

In order to supplement the data from the scientific literature on exposure to infrasounds and low 
frequencies from wind farms, ANSES commissioned noise measurement campaigns (including low 
frequencies and infrasounds) in the vicinity of several wind farms. These acoustic measurements 
were taken by the National Centre for Studies and Expertise on Risks, Environment, Mobility, and 
Urban and Country planning (CEREMA3).  

For the selection of sites (wind farms) for the measurement campaigns, a compromise was made 
between the number of sites to be included in the study and the desired level of analysis for each 
of these sites. 

The measurement campaign protocol was designed so as to have, for each studied wind farm: 

• all possible classes of wind (wind speed and direction categories); 
• access to four simultaneous measurement points: 

o at the regulatory minimum separation distance (500 m); 

2 Joint research unit no. 8568 of the French National Centre for Scientific Research (CNRS). 
3 CEREMA is a public agency created in 2014 to provide enhanced scientific and technical support for the development, 
implementation and evaluation of public policies for development and land planning. It comprises the eight former 
Technical Centres for Public Works (CETEs), the former Centre for Studies on Networks, Transport, Urban Planning and 
Public Construction (CERTU), the former Centre for Technical Maritime and River Studies (CETMEF), and the former 
Technical Agency for Transport, Roads and Planning (SETRA). 

Exhibit A4-3

Page 3 of 15 
014438

http://www.anses.fr/


o at the façade and inside a home (preferably as close as possible to a wind turbine); 
o and close to the source, in order to characterise the noise emissions of wind 

turbines. 
Following an analysis comparing several criteria of interest listed by the Working Group's experts 
and the known characteristics of wind farms in France, three sites were selected, with the following 
characteristics: 

• site 1: farm with the largest (blade diameter) and most powerful wind turbines in operation 
in France on the dates of this analysis period. These wind turbines are theoretically those 
emitting the most infrasounds and low frequencies, due to their large dimensions, and 
prefigure future wind turbines of over 3 MW (measurement period: from 12/10/2015 to 
19/10/2015; 1,000 usable 10-minute samples); 

• site 2: farm with a "conventional" configuration against which complaints had been filed 
(measurement period: from 30/06/2015 to 06/07/2015; 887 usable 10-minute samples); 

• site 3: farm with a "conventional" configuration against which no complaints had been filed 
(measurement period: from 23/03/2015 to 27/03/2015; 541 usable 10-minute samples). 

■ Review of knowledge related to the health effects of infrasounds and low-frequency 
noise emitted by wind farms  

A systematic literature search4 by keywords was undertaken for the period up to 1 December 
2015; the corpus of documents was regularly updated during the expert appraisal. 

In addition to this search, other documents were found via the references in the key reports and 
documents previously identified.  

Lastly, the body of literature was supplement via hearings5, in which the various invited 
stakeholders informed the Working Group of the references they considered relevant on the topic. 

These various documents were sorted, analysed and summarised. 

Given the controversies associated with "environmental diseases" such as vibroacoustic disease 
(VAD) and wind turbine syndrome (WTS), the analyses of articles relating to them were compiled 
in a specific summary. 

Moreover, the analyses of articles were grouped together by study type: 

• experimental data; 
• epidemiological data. 

■ Assessment of health risks related to exposure to infrasounds and low-frequency 
sounds emitted by wind farms 

The conclusions of the expert appraisal thus rely on a comparison of data on exposure to the 
infrasounds and low frequencies measured near wind farms, and the levels of evidence provided 
by the review of knowledge on the potential health effects related to exposure to infrasounds and 
low-frequency sounds. 
 

4 The following search engines were used: PubMed, Science Direct and Google Scholar. 
5 In particular the French Renewable Energies Union (SER), Électricité de France (EdF) / Électricité de France – 
Énergies Nouvelles, France Énergie Éolienne (FEE), Vent de Colère, the Sustainable Environment Federation (FED) 
and several residents living near wind farms. 
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3. ANALYSIS AND CONCLUSIONS OF THE CES  

Results and conclusions of the collective expert appraisal 

The CES on "Physical agents, new technologies and development areas" adopted the collective 
expert appraisal work and its conclusions and recommendations as described in this summary at 
its meeting of 5 December 2016 and informed the ANSES General Directorate accordingly. 

■ Exposure of local residents to infrasounds and low frequencies emitted by wind 
turbines 

The measurement of exposure to infrasounds and low frequencies in residents living near wind 
farms involves several complexities: 

• of a metrological nature: the calibration of measurement instruments is complicated and 
unsatisfactory for very low frequencies, as instrumental background noise is higher at low 
frequencies; 

• of an organisational nature: the current lack of published technical standards limits the 
relevance of comparisons between measurements taken by various teams, and does not 
guarantee the quality of practices. For example, the choice of the apparatus used and 
frequency bands studied heavily influences the results. However, a draft standard on the 
measurement of infrasounds for all noise sources is about to be published by AFNOR; 

• related to the particularities of the noise source and its environment: the sound signal 
fluctuates over time depending on various factors, some of which are clearly identified 
(wind speed, topography, etc.) while others remain undetermined or cannot be verified 
(wind turbulence on the blades or in the propagation medium, local temperature gradients, 
etc.); 

Inside homes, there are also difficulties measuring weak signals, and problems of sound wave 
reverberation. 

These metrological challenges were taken into account in the measurement campaign undertaken 
near the three wind farms. This work, supplemented by the data from the literature, led to the 
following findings:  

• wind turbines are sources of noise whose spectrum of sound emission mainly contains 
infrasounds and low-frequency sounds. According to the scientific literature, the sound level 
of these spectral components increases with the size of the wind turbine's rotor; 

• the measurement results on the noise emissions of the wind turbines confirmed the trends 
described in the scientific literature: 

o the general profile of the spectrum of noise emissions from wind farms (near-linear 
decrease in the sound level with the logarithm of the frequency) was found on all the 
sites, with few major differences. A few frequency peaks, probably attributable to 
mechanical noise in the nacelle, were found in the infrasound and low-frequency 
part of the spectrum; 

o the greater the increase in wind speed, the greater the increase in noise emissions 
of infrasounds and low frequencies, up to a theoretical maximum; 
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• the measurement results for sound levels at 500 m and 900 m (at the façades of homes) 
from the wind farms confirmed the trends observed in the scientific literature for two of the 
three explored sites6: 

o a wide spread of measurements as a function of time for a given wind farm and 
wind conditions. Other factors that are difficult to verify (occasional wind turbulence, 
contamination by other noise sources, etc.) may have had a non-negligible impact 
on measured noise; 

o the hearing thresholds for infrasounds and low frequencies (< 50 Hz) were not 
exceeded;  

• the infrasound and low-frequency signals measured inside homes, in conditions where wind 
turbines were operating with the highest wind speeds (above 6 m/s) encountered when 
taking the measurements, were below the hearing threshold (ISO 2267). 

The CES points out that noise level measurements expressed in dBA, which are those 
recommended by the technical standards, are not suited to infrasounds or low-frequency sounds. 
However, the particular profile of the spectrum of wind turbine noise implies proportionality 
between the spectral content measured in dBA and the spectral content of infrasounds and low-
frequency sounds. Thus, relevant information regarding exposure to infrasounds and low 
frequencies can be obtained from exposure data measured in dBA. This finding is consistent with 
those established in recent studies. 

Therefore, in light of the emission spectra of current wind turbines, limiting a noise level in dBA 
also means limiting the noise level of infrasounds and low frequencies.  

■ Health effects of infrasounds and low-frequency sounds: exploitation of the available 
scientific knowledge 

An imbalance between primary and secondary sources 

An examination of the available data on the health effects of infrasounds shows a strong imbalance 
between primary (documents on original experiments or scientific studies) and secondary (reviews 
of the scientific literature and opinion articles) literature sources. Indeed, there are many secondary 
sources while the number of primary sources they are supposed to summarise is limited. This 
particularity, combined with the markedly different conclusions of these reviews, clearly shows that 
there is strong public controversy surrounding this issue. 

Review of the health concerns expressed by residents living near wind farms 

The symptoms described by some residents living near wind farms, which they associate with their 
exposure to noise emissions from wind turbines, are extremely varied. In the literature, they were 
classified into two categories:  

• those associated with vibroacoustic disease (VAD); 
• those characteristic of wind turbine syndrome (WTS). 

VAD was defined by a single research team8 and refers to a specific biological mechanism that it 
links to exposure to infrasounds and low-frequency sounds (growth of collagen and elastin fibres in 
extracellular matrices, in the absence of any inflammatory process). This mechanism could, 

6 The sound contribution of wind turbines in relation to other noises recorded for local residents at site no. 2 could not be 
clearly established, causing this site to be excluded from the analyses. 
7 ISO 226:2003: Acoustics - Normal equal-loudness-level contours. 
8 Research team of Alves-Pereira and Castelo-Branco. 
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according to these authors, ultimately lead to the occurrence of a wide variety of health effects 
(fibroses, damage to the immune system, respiratory effects, genotoxic effects, morphological 
changes in organs, etc.). 

The Working Group attributed a very low level of evidence to this assumption of a mechanism for 
health effects, due to its weak scientific bases and major biases in the studies published by this 
team, often in non-peer-reviewed journals, whose results have not been reproduced by other 
research teams. Therefore, the Working Group did not take VAD into account in the assessment of 
the potential health risks related to noise emissions from wind turbines.  

Wind turbine syndrome was described in the literature (Pierpont 2009) as a set of symptoms 
reported by residents living near wind farms which they themselves attribute to wind turbines. 
These symptoms (sleep disturbance, headaches, tinnitus, balance problems, etc.) are not specific 
to a disease. They are found in syndromes of idiopathic environmental intolerance in particular. 
However, they correspond to a set of signs that may occur further to stress or sleep loss, which 
may become disabling for the subject who experiences them.   

Review of the experimental data  

 Potential mechanisms for effects via the cochleovestibular system, which have 
yet to be confirmed 

Recently acquired knowledge related to the physiology of the cochleovestibular system has 
highlighted several potential mechanisms for physiological effects that could be activated in 
response to exposure to infrasounds and low-frequency sounds. This sensory system is indeed 
particularly susceptible to these frequencies, more so than other parts of the human body. 

The current data suggest that sound frequencies that are too low or levels that are too soft to be 
clearly heard could have effects mediated by receptors of the cochleovestibular system. The 
possible mechanisms include the following: 

• the induction of non-auditory responses by the vestibular cells when a very low-frequency 
sound reaches the base of the cochlea; 

• the "non-conventional" stimulation of the most apical auditory sensory cells activating non-
auditory cochlear pathways; 

• the induction of ionic and volume imbalances in the fluid of the inner ear, through the 
prolonged overall generation of vibrations of the basilar membrane by a very low-frequency 
sound; 

• the induction of modulations in the response of auditory sensory cells to ordinary sounds by 
very low-frequency sounds, which themselves are inaudible but affect the audibility of 
concomitant audible sounds. Certain characteristics, particularly anatomical, could 
predispose their carriers to more intense modulations; 

• assuming that when certain noise levels are exceeded, it is likely to generate nerve 
stimulation in the cochleovestibular system (Salt and Hullar 2010), the noise levels 
occasionally9 encountered when taking the measurements showed that these levels can be 
exceeded outside homes, for frequencies below 20 Hz. 

The phenomena described above were experimentally observed with intense pure tones (e.g. 
around a hundred dB SPL at 200 Hz in small laboratory animals, which is not necessarily the 
equivalent of very low-frequency sound in humans); whether they occur for noise exposure similar 

9 From a few % of the time at 8 Hz to 20% of the time for 20 Hz at a distance of 500 m from the wind turbine. No 
frequencies below 8 Hz exceeded the various thresholds. 
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to that caused by wind turbines (prolonged, complex tones of lesser intensity) remains to be 
demonstrated.  

The Working Group underlines that these physiological effects, often described by associations of 
residents living near wind farms, have an objective signature; for example, if there is a volume 
imbalance in the fluid of the inner ear, this is manifested as abnormal ENT test results, with higher 
sensitivity and specificity. And yet this signature has never been tested for in complainants.  

These physiological effects are also reflected in symptoms (dizziness, tinnitus, nausea, etc.) that 
people know how to describe but are seldom mentioned; however the various testimonials 
collected during this expert appraisal more commonly described other types of effects, such as 
sleep and mood disturbances (depression, stress, anxiety, etc.). 

 Ill-defined effects for exposure to very high-intensity infrasounds and low-
frequency sounds  

Exposure to very high-intensity infrasounds and low-frequency sounds (intensities 20 to 40 dB 
higher than those of wind turbines, thus delivering energy levels 100 to 10,000 times greater) is 
found in the workplace. However, its effects are controversial (non-specific effects, unsubstantiated 
and/or old data, etc.). The scientific situation is therefore unclear and the published 
recommendations on the limitation of occupational exposure can in no circumstances be 
transposed to this formal request. 

 Unstable knowledge of the effects of prolonged exposure to lower-intensity 
infrasounds and low-frequency sounds 

There are very few peer-reviewed publications addressing the issue of the potential effects of 
infrasounds and low frequencies produced by wind turbines. However, some studies have been 
undertaken for other noise sources, such as ventilation, heat pumps, compressors, road traffic, 
etc., for the same intensity levels as those emitted by wind farms. In these studies, self-reported 
disturbance (questionnaire) was the only observed health effect. No link was found with any 
physiological marker enabling a health effect to be identified. Nonetheless, these studies helped 
establish that a much higher sound level than that known for higher frequencies is required to 
perceive an infrasound and/or hear a low-frequency sound. Caution is required when extrapolating 
the above results to the situation of wind turbines.  

 An observed nocebo effect 

In parallel with these controversial results regarding the effects of prolonged exposure to low-
intensity infrasounds and low-frequency sounds, several repeated double-blind experimental 
studies of very high scientific quality have shown negative effects and feelings in people who 
thought they were exposed to inaudible infrasounds when this was not necessarily the case. These 
negative effects and feelings were thought to be due to mere expectations about the harmful 
effects associated with this exposure. 

This "nocebo10" effect helps explain why residents living near wind farms report stress-related 
symptoms. It is likely even greater in a context where there are multiple opposing arguments not 
only related to health (economic, cultural, regional, political arguments, etc.), conveyed in particular 
on the Internet, which can contribute to creating an anxiety-inducing situation. 

10 The nocebo effect can be defined as a set of symptoms experienced by a subject undergoing something that is "seen 
as negative"; this may be medication, non-medicated therapy, or exposure to environmental factors. It is the opposite of 
the placebo effect, initially defined in medicine as a "Substance improving a patient's symptoms whereas its 
phamacologically predictable efficacy should be nil or negligible". The effect of the vector varies in both cases depending 
on the subject's expectations. 
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However, the occurrence of such a nocebo effect does not rule out the actual occurrence of health 
effects that it may potentially exacerbate. 

Review of the epidemiological data  

 Limited and inconclusive studies 

Epidemiological studies should enable a comparison of the potential mechanisms for physiological 
effects with the health conditions observed in local populations. Unfortunately, such studies are 
limited in number and have exclusively dealt with the effects of audible noise from wind turbines on 
the health of local residents. None have focused on the health effects of infrasounds or low-
frequency sounds emitted in the environment and more specifically produced by wind turbines. 

All were cross-sectional studies and therefore did not provide grounds to affirm that the cause, i.e. 
exposure to noise from wind turbines, preceded the effect. The results observed in the majority of 
these studies were marked by selection biases or confounding factors. Only one of the analysed 
studies can be considered as of good scientific quality. It was also the only one that included not 
only subjective measurements but also objective measurements associated with the potential 
effects it examined. This study did not show any link between the level of audible noise from wind 
turbines and the health conditions self-reported by the respondents (sleep quality, dizziness, 
tinnitus, frequent migraines and headaches, chronic diseases such as heart diseases, 
hypertension and diabetes), stress levels, or perceived quality of life. The objective health 
measurements (cortisol levels in hair, blood pressure, resting heart rate and measured sleep 
quality) were consistent with the participants' reports. Again, these measurements were not linked 
to the level of audible noise from wind turbines. However, this study did show a link between this 
same level of audible noise and disturbance due to certain wind turbine characteristics 
(stroboscopic effect, flashing lights, vibrations, visual effect). 

Given the small number of studies undertaken on this topic and their methodological shortcomings, 
it should be considered that no conclusions can currently be drawn as to the health impacts of 
noise from wind turbines.  

■ Conclusions 

Some residents living near wind turbines state that they feel health effects they attribute to the 
emitted infrasounds. Some situations of real malaise are encountered in these local residents, 
sometimes with medically observed health effects for which the causal link to exposure to 
infrasounds and low-frequency sounds produced by wind turbines cannot however be clearly 
established. 
Exposure to infrasounds and low-frequency sounds from wind turbines is merely one of many 
assumptions reported (audible noise, visual and stroboscopic effects, electromagnetic fields, etc.) 
to explain these effects. This situation is not specific to wind turbines. It can be compared to those 
encountered in other areas such as electromagnetic waves. 
It is currently very difficult to isolate the health effects of infrasounds and low-frequency sounds 
from those of audible noise and other potential causes related to wind turbines. 

The measurement campaign undertaken by ANSES: 

• confirmed that wind turbines are sources of noise whose spectrum of sound emission 
mainly contains infrasounds and low-frequency sounds; 

• did not show any cases of the hearing thresholds for infrasounds and low frequencies (< 50 
Hz) being exceeded. 
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Furthermore, according to the analysis of the literature: 

• infrasounds may be felt by cochleovestibular mechanisms other than hearing at higher 
frequencies; 

• physiological effects have been found in animals (cochleovestibular system) for high levels 
of infrasounds and low-frequency sounds;  

• these effects have yet to be demonstrated in humans for the exposure levels related to 
wind turbines found in local residents (prolonged exposure to low levels); 

• the connection between potential physiological effects and the occurrence of a health effect 
has not been documented; 

• the expected symptoms in the event of cochleovestibular system disruption are not 
generally those reported by complainants; they seem mainly related to stress and can be 
found in wind turbine syndrome (WTS); 

• a nocebo effect can be observed but clearly does not rule out the potential occurrence of 
other effects; 

• due to its weak scientific bases, vibroacoustic disease (VAD) cannot explain the reported 
symptoms; 

• no epidemiological studies to date have examined the health effects of infrasounds and 
low-frequency sounds produced specifically by wind turbines. At the present time, the only 
effect observed in epidemiological studies has been disturbance due to audible noise from 
wind turbines. 

Recommendations of the collective expert appraisal 

■ Improving the process for informing local residents during the construction of wind 
farms 

In general, the health of the population partly depends on its level of information and participation 
in the implementation of development projects in its immediate surroundings.  

When installing a wind farm near homes, the CES recommends:  

• providing local residents with relevant information about plans for wind farms as early as 
possible (before the public inquiry). A guide should be prepared explaining the minimum 
information to be provided prior to the public inquiry; 

• improving the visibility of public inquiries; 
• broadening the scope of information and consultation to include all local residents 

potentially impacted by the project (considering its visual, noise impacts, etc.) without 
limiting it, as is currently the case, only to the sponsoring municipalities; 

• mitigating the current state of access to a wealth of conflicting information, anxiety-inducing 
or not, available on the Internet, by providing the general public with regularly updated 
knowledge (dedicated website for example) and making it known to potentially impacted 
residents, before discussing plans for a wind farm. 

Regarding the necessary dialogue between stakeholders concerning wind farms or plans for wind 
farms, the CES recommends:  

• encouraging collaboration prior to plans for wind farms. As it is, project sponsors first 
request a building permit from the authorities by submitting an impact assessment for a 
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finalised project, and the public inquiry occurs at the end of the process, thus minimising 
the weight of this inquiry in the decision-making process; 

• better defining local stakeholders and further involving them in the dialogue. 

■ Enhancing knowledge related to the exposure of local residents  

In order to advance knowledge of exposure to infrasounds and low-frequency sounds, and 
considering how complicated they are to measure, the CES encourages: 

• the use of standardised methods for measuring infrasounds and low-frequency sounds 
from wind turbines. The types of apparatuses used and the protocol or methodology to be 
followed to take reproducible and comparable measurements should be specified. The CES 
underlines that, given the high correlation between noise levels expressed in dBA and 
levels of infrasounds and low-frequency sounds for wind turbines, it could also be relevant 
to use methods for estimating infrasounds and low-frequency sounds based on 
measurements in dBA; 

• the design of a model for predicting exposure to infrasounds and low-frequency sounds 
from wind turbines. 

In order to improve comparability between data on exposure to noise produced by wind turbines, 
the CES recommends: 

• developing an experimental method for characterising amplitude modulation; 
• determining, as is the case for noise from transport11, a single calculation method for 

predicting noise from wind turbines. It should take into account the various influencing 
parameters, to be used when undertaking noise impact assessments for ICPE authorisation 
requests. 

■ Regulations  

Systematically measuring the noise emissions of wind farms 

The CES recommends systematically measuring the sound power of wind turbines in situ, before 
they are brought into service, in order to ensure that the sound characteristics of installed wind 
turbines are consistent with those specified in the impact assessment. 

Drawing on practices in the airport sector, the CES also suggests, as soon as the farm is brought 
into service, setting up the systematic and continuous measurement of noise levels (audible noise 
and infrasounds and low-frequencies) from the wind farm, at one or more representative points, at 
the operator's expense. A simplified measurement method should be proposed in order to: 

• monitor changes in noise levels in relation to the regulatory limit values and, when 
necessary, identify potential periods for which the regulatory limit values may be exceeded 
and determine the frequency; 

• have noise measurements for comparison with the disturbance logs kept by local residents 
and look for possible correspondences between noise and reported disturbances. 

If the regulatory limit values are repeatedly and significantly exceeded, the CES recommends 
defining specific criteria leading to actions that have yet to be determined (fines, forced shutdown, 
compliance measures, etc.).  

11 NF S 31-133: Acoustics – Outdoor Noise – Calculation of Sound Levels. 
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The CES also recommends undertaking a campaign to measure the noise impacts of wind turbines 
using an expert appraisal method as defined by the Pr S 31-11412 standard under preparation. The 
Working Group insists on the importance of taking measurements on property lines. 

The CES points out that this type of practice has helped reduce tension around airports, since it 
provides objective data on exposure and helps better meet the expectations of local residents. 

The appointment of a main contact person, in charge of monitoring this systematic measurement of 
exposure and responses to the requests of local residents, should be considered. 

Limit values  

The current regulations require a noise exposure limit on property lines (70 dBA during the day, 60 
dBA at night) which in principle is not suited to infrasounds and low-frequency sounds from wind 
turbines, as it is expressed in dBA. 

However, at the minimum distance separating wind turbines from homes (currently 500 m) and 
considering the particular profile of the spectra of wind turbines currently in operation, which 
enables a relationship to be established between levels in dBA and dBG for these noise sources, 
the CES considers that limit values expressed in dBA can already guarantee that exposure to 
infrasounds and low-frequency sounds in local residents (at the façades of homes) is below the 
commonly accepted hearing threshold (85 dBG). 

Compliance with these limit values should thus protect local residents against any potential 
nuisance related to the audibility of the low and very low-frequency components of wind turbine 
noise. However, these limit values do not protect local residents from potential effects related to 
non-audible infrasounds and low-frequency sounds whose occurrence has yet to be demonstrated.  

To reduce noise exposure in residents living near the oldest wind farms, and considering the 
acoustic performance of the most recent turbines, the CES recommends facilitating the 
replacement of old wind turbines with new ones by simplifying the related administrative process.  

■ Improving knowledge regarding the relationship between health and exposure to 
infrasounds and low-frequency sounds 

Experimental studies 

Regarding the possible cochleovestibular mechanisms responsible for effects observed in 
laboratory animals and recent advances in techniques for non-invasive physiological 
measurements which can be taken within a few dozen minutes, the CES recommends undertaking 
additional studies in humans, in homes, using these techniques. 

The tests already validated for the detection of abnormal homeostasis of cochlear sensory cells in 
patients with Meniere's disease could therefore be used (evoked otoacoustic emissions, 
spontaneous otoacoustic emissions, electrocochleography, videonystagmoscopy). These tests can 
all be performed in the field and repeated without discomfort. It would therefore be feasible to 
perform them on subjects, whether complainants (individuals describing symptoms of interest) or 
not, and whether or not they are exposed to very low-frequency sounds from the wind farm they 
live close to.  

The implementation of a study demonstrating the objective signature of a physiological effect in 
complainants but not in non-complainants, only when the wind farm was in operation, could answer 
some major questions. These observations would not only help confirm a possible explanation but 

12 Pr S 31-114: Measurement of outdoor noise before and after wind farm construction. 
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would also provide an opportunity to identify at-risk individuals and determine the physical 
threshold above which a specific risk emerges.  

Epidemiological studies 

Observing the health of residents living near wind farms, using epidemiological studies in 
particular, appears to be an obvious approach supplementing the expected advances in knowledge 
of physiological mechanisms. Requested by associations of local residents, carrying out such 
epidemiological studies nonetheless entails some methodological challenges, including a problem 
of statistical power due to the clearly limited number of individuals exposed to audible and 
inaudible noise from wind turbines, as well as the occurrence of countless biases that are often 
uncontrolled. Considering the large investment required to undertake such studies, as well as the 
possible relevance of the data they could generate, the CES supports the implementation of a 
feasibility study prior to such an epidemiological study. 

Psychoacoustic studies 

Considering the significance of the effects of audible sounds on disturbance caused by wind 
turbines, and given current gaps in this area, the CES recommends: 

• undertaking additional studies on the loudness of complex low-frequency sounds (not only 
pure tones);  

• developing, to that end, a study protocol for quantifying inter-individual variability in 
perception by undertaking hearing tests, etc. 

• improving the characterisation of disturbance related to temporal variations in non-
stationary audible noises and amplitude modulation in addition to other factors (visual, 
vibrations, etc.). 

Neuroscience studies 

Lastly, given the impacts of stress on health and the observed nocebo effect, the CES suggests 
promoting neuroscience research and in particular studies using medical imaging in order to 
identify the mechanisms involved. 

4. AGENCY CONCLUSIONS AND RECOMMENDATIONS 

The French Agency for Food, Environmental and Occupational Health & Safety endorses the 
conclusions and recommendations formulated above by the CES on "Physical agents, new 
technologies and development areas".  

ANSES reiterates that wind turbines emit infrasounds (sound below 20 Hz) and low-frequency 
sounds. There are also other sources of infrasound emissions that can be natural (wind in 
particular) or anthropogenic (heavy-goods vehicles, heat pumps, etc.). The measurement 
campaigns undertaken during the expert appraisal enabled these emissions from three wind farms 
to be characterised.  

In general, only very high intensities of infrasound can be heard or perceived by humans. At the 
minimum distance (of 500 metres) separating homes from wind farm sites set out by the 
regulations, the infrasounds produced by wind turbines do not exceed hearing thresholds. 
Therefore, the disturbance related to audible noise potentially felt by people around wind farms 
mainly relates to frequencies above 50 Hz. 

The expert appraisal showed that mechanisms for health effects grouped under the term 
"vibroacoustic disease", reported in certain publications, have no serious scientific basis. 
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There have been very few scientific studies on the potential health effects of infrasounds and low-
frequencies produced by wind turbines. The review of these experimental and epidemiological data 
did not find any adequate scientific arguments for the occurrence of health effects related to 
exposure to noise from wind turbines, other than disturbance related to audible noise and a nocebo 
effect, which can help explain the occurrence of stress-related symptoms experienced by residents 
living near wind farms. 

However, recently acquired knowledge on the physiology of the cochleovestibular system has 
revealed physiological effects in animals induced by exposure to high-intensity infrasounds. These 
effects, while plausible in humans, have yet to be demonstrated for exposure to levels comparable 
to those observed in residents living near wind farms. Moreover, the connection between these 
physiological effects and the occurrence of a health effect has not been documented. 
In this context, ANSES recommends: 
Concerning studies and research:  

• verifying whether or not there is a possible mechanism modulating the perception of audible 
sound at intensities of infrasound similar to those measured from local residents; 

• studying the effects of the amplitude modulation of the acoustic signal on the noise-related 
disturbance felt; 

• studying the assumption that cochleovestibular effects may be responsible for 
pathophysiological effects; 

• undertaking a survey of residents living near wind farms enabling the identification of an 
objective signature of a physiological effect. 

Concerning information for local residents and the monitoring of noise levels: 
• enhancing information for local residents during the construction of wind farms and 

participation in public inquiries undertaken in rural areas;  
• systematically measuring the noise emissions of wind turbines before and after they are 

brought into service; 
• setting up, especially in the event of controversy, continuous noise measurement systems 

around wind farms (based on experience at airports, for example). 
 

Lastly, the Agency reiterates that the current regulations state that the distance between a wind 
turbine and the first home should be evaluated on a case-by-case basis, taking the conditions of 
wind farms into account. This distance, of at least 500 metres13, may be increased further to the 
results of an impact assessment, in order to comply with the limit values14 for noise exposure. 

Current knowledge of the potential health effects of exposure to infrasounds and low-frequency 
noise provides no justification for changing the current limit values or for extending the spectrum of 
noise currently taken into consideration. 

 

Dr Roger GENET 

13 Regarding minimum separation distances, those already set by the Grenelle 2 Act of 12 July 2010 (Article 90) have 
been maintained: 500 metres from any building for residential use or area intended for housing, 300 metres from a basic 
nuclear facility or ICPE. 
14 The noise emissions of a classified installation subject to authorisation must not generate, in noise aggravation zones, 
aggravation above the acceptable values. 
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October 31, 2014 

 

Chief Clerk Jeff Renk 

Wisconsin State Senate 

P.O. Box 7882 

Madison, WI 53707 

 

Chief Clerk Patrick E. Fuller 

Wisconsin State Assembly  

17 West Main Street, Room 401 

Madison, WI 53703 

 

Re: Wind Turbine Siting-Health Review and Wind Siting Policy Update Pursuant to Wis. 

Stat. § 196.378(4g)(e).  

 

Dear Chief Renk and Chief Fuller: 

 

Enclosed for your review is the 2014 Report of the Wind Siting Council.  This report is a 

summary of developments in the scientific literature regarding health effects associated with the 

operation of wind energy systems, and also includes state and national policy developments 

regarding wind siting policy.  The Wind Siting Council has no recommendations to be 

considered for legislation at this time.  On behalf of the Council, I wish to thank you for the 

opportunity to provide this report to the legislature.  

 

Sincerely, 

 

 
 

Carl W. Kuehne 

Wind Siting Council Chairperson 

 

 

Enclosure 
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1.0 EXECUTIVE SUMMARY 

 

The Wind Siting Council offers this report to the Wisconsin State Legislature for its 

consideration with a copy given to the Public Service Commission of Wisconsin.   

 

2009 Wisconsin Act 40 (Act 40) took effect on October 15, 2009.  Act 40 created a policy 

framework to allow uniform local regulation of wind energy systems in Wisconsin.  Wisconsin 

Statutes § 196.378(4g), created by Act 40, directed the Public Service Commission of Wisconsin 

(Commission or PSC) to promulgate rules to specify maximum restrictions that a municipality 

can impose on installation and use of wind energy systems throughout the state of Wisconsin.  

Act 40 also created Wis. Stat. § 15.797 which directed the Commission to appoint a Wind Siting 

Council (Council) to provide advice and counsel during the rulemaking process.  Furthermore, 

Wis. Stat. § 196.378(4g)(e) directs the Council to provide a report on pertinent peer-reviewed 

literature of the effects of wind energy systems on human health to the Commission and the 

Wisconsin State Legislature, every five years.  Wisconsin Stat. § 196.378(4g)(e) also requires the 

Council to study state and national regulatory developments regarding wind siting.  The report 

may include recommendations for legislation.  This report provides this literature review and 

also describes current policy trends with regards to wind energy system siting.  This consensus 

report also has attached several appendices describing the positions of minority factions within 

the Council.     

 

As required by Wis. Stat. § 15.797(1)(b), the Commission appoints a Council of 15 members1 

representing stakeholder categories with interests in or related to wind projects.  One member is 

to have expertise on health impacts attributed to wind energy systems and be a member of the 

UW-system.  This seat is currently vacant.  The issues surrounding wind siting are complex and 

involve many competing policy priorities including protecting health and safety, complying with 

regulatory mandates, protecting the environment, preserving local government control, 

considering impacts to private property, and providing a reliable and affordable supply of 

energy.  The make-up of the Council reflects these diverse interests.  Each member of the seven 

stakeholder groups represented on the Council has their own unique view about how to balance 

these priorities.   

 

The Council understands that the diversity of its membership and the volume of research on 

wind health and siting issues on all sides of the debate presents challenges.  The Council agrees 

that the protection of public health and safety are paramount.  Accordingly, the Council agreed 

prior to its investigation and preparation of this report to review facts and science with the 

awareness that not all scientific documents are of equivalent rigor or impact.  Accordingly, more 

weight was given to some types of literature over others.2     

 

1 See Appendix A for a description of Council member stakeholder groups and membership. 
2 See Appendix B for a detailed description of literature criteria.   
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Pertinent literature included empirical research, reviews, and opinion articles that were gleaned 

from peer-reviewed scientific journals and reports from governmental entities.  The scope of 

literature that was used for the wind-health review was also generally restricted to literature that 

specifically focused on the effects of wind energy systems on human health or well-being.  As 

part of the Council’s work while developing its 2010 wind siting recommendations that led to the 

creation of the Commission’s administrative rules relating to wind energy systems, Wis. Admin. 

Code ch. PSC 128 (PSC 128), the Council provided an exhaustive and then up-to-date review of 

pertinent wind-health scientific literature.3  This report covers new information that has been 

published in the scientific literature from 2011 to 2014.  

 

To prepare this report, Council members collected literature related to the effects of wind energy 

systems on human health.  Commission staff also conducted a formal literature review.  These 

efforts identified over 40 peer-reviewed publications on wind-health issues and three 

governmental reports.4  Although the Council sought to provide the most detailed and complete 

literature review as possible, certain limitations were encountered.  The Council had limited 

access to some non-publicly available articles and there is a relative paucity of current and 

diverse research on the effects of wind energy systems on human health and well-being.     

 

The Council’s conclusions and recommendations are detailed below.   

 

Summary of Key Findings from Wind-health Literature 

 

 Nine publications based on cross-sectional surveys of individuals living in the proximity5 

of utility-scale wind energy systems have been conducted or analyzed since the Council’s 

2010 recommendations. 

 Some individuals living in the proximity of wind systems may experience annoyance6 

and a small fraction report sleep disturbance7 due to wind turbine noise during operation.   

 Some individuals report increases in stress due to wind turbine operation. 

 Stress and sleep disturbance may be related to chronic health conditions. 

3 The Council’s 2010 report contained both general conclusions and siting recommendations as well as a minority, 

dissenting appendix.   
4 The Council agreed to offer greater weight to peer-reviewed literature on wind-health issues, as mandated by Wis. 

Stat. § 196.378(4g)(e).  As such, the Council’s conclusions are based upon the peer-reviewed literature.  Appendix C 

contains discussion of governmental reports identified by the Council.  Full citation of all articles included in this 

survey is provided in Appendix D.   
5 “Proximity” and “near” refer to distances less than 1.5 miles.   
6 “Annoyance” is used throughout this report to mean “a feeling of resentment, displeasure, discomfort, 

dissatisfaction or offence which occurs when noise interferes with someone’s thoughts, feelings or daily activities”, 

as used by the World Health Organization in its publication regarding occupational noise, available at 

http://www.who.int/quantifying_ehimpacts/publications/en/ebd9.pdf.  Although this report relies on this definition, 

it should be noted that rarely do the empirical reports, reviews, and governmental reports cited herein provide the 

definition of “annoyance” under which the authors’ conclusions were reached.  Thus, caution is merited when 

comparing conclusions regarding “annoyance” throughout the published literature.   
7 Approximately 4 percent of respondents 
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 There are substantial individual differences in how people report their perception of wind 

energy systems and a negative perception affects whether an individual reports adverse 

health effects that they attribute to wind energy systems.   

 The majority of individuals living near utility-scale8 wind systems do not report stress, 

sleep deprivation, or chronic adverse health effects attributed to wind turbines.   

 

The strength of these conclusions is complicated by two factors.  First, although there are nine 

publications on surveys of individuals living near wind turbines, the conclusions from two 

studies are of limited scope.  For instance, one article by Taylor et al. (2013) surveys individuals 

living near wind turbines that have a maximum generating capacity of 5 kilowatt (kW) or less.  

These turbines are thus substantially smaller than a typical utility-scale turbine and the 

conclusions of that survey may not be applicable to the usual wind-health discussion.  A second 

survey by Krogh et al. (2011) was only conducted near existing wind systems where anecdotal 

reports of health effects have been reported.  Therefore, without a control group and due to the 

use of biased9 survey questions, it is difficult to apply that study’s conclusions to other wind 

projects.  Indeed the bias introduced in the Krogh et al. (2011) survey results in reports of 

negative effects (sleep disturbance and headache) attributed to wind turbines by over 70 percent 

of participants, which is unusually high compared to other studies where negative effects were 

reported.  The limitations of available research confines the Council’s survey to only seven 

pertinent, unbiased, cross-sectional studies, three of which use the same data set.     

 

The limited empirical research on wind-health issues leads to the second complicating factor for 

the Council’s survey.  Many of the reviews and opinion articles published since 2011 that were 

included as part of this literature survey are centered on these seven studies.10   Thus, each 

review/opinion article identified is not an independent appraisal of the available science, but 

rather a summary of the same information repeated multiple times.  Consequently, broad 

statements such as there is “overwhelming evidence”11 that wind energy systems negatively 

impact human health rely on a limited amount of actual empirical research and summaries of 

summaries.   

 

Based on the available literature, what the Council can reasonably conclude is that some 

individuals residing in close proximity to wind turbines perceive audible noise and find it 

annoying.  A small subset of these individuals report that this noise negatively affects their sleep 

8 Turbines less than 100 kW in size are considered “small wind” under PSC 128 and are not subject to all of the 

same requirements as larger turbines.  A typical utility-scale turbine generates at least 1.5 megawatt (MW) of 

electricity and 2.3 MW and larger turbines are currently operating in Brown County, Wisconsin and are being 

proposed for St. Croix County, Wisconsin.  These higher capacity turbines are also proposed or are installed in other 

states and countries.   
9 “Bias” is used throughout this report to mean to have a tendency to show an unjustified prejudice towards an 

argument.   
10 Katsaprakakis 2012, Nissenbaum et al. 2012, Shepherd et al. 2011, Bakker et al. 2012, Pedersen 2011, Janssen et 

al. 2011, Mroczek et al. 2012 
11 Phillips 2011 
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and may result in other negative health effects.  However, based on objective surveys near wind 

energy projects, it appears that this group is in the minority and that most individuals do not 

experience annoyance, stress, or perceived adverse health effects due to the operation of wind 

turbines.  This conclusion is especially true if wind turbine siting is used to limit high noise 

exposure.     

 

Summary of Regulatory Developments in Wind Siting 

 

After reviewing the wind siting policies of all fifty states and the District of Columbia, as well as 

peer-reviewed literature regarding wind siting policy, the Council has concluded that 

Wisconsin’s siting regulations for wind energy systems are consistent with other state and 

national policy regulatory developments. 

 

No Recommendations for Legislation 
 

Wisconsin’s wind siting rule, Wis. Admin. Code ch. PSC 128, is the product of an extensive and 

transparent review process and has been in effect since March 16, 2012.  Absent any specific 

information arising from a wind project reviewed and approved under PSC 128, and based on the 

survey of peer−reviewed scientific research regarding the health impacts of wind energy 

systems, and the study of state and national regulatory developments regarding the siting of wind 

energy systems, the Council majority finds no reason at this point to recommend legislation 

regarding the siting of wind energy systems. 
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2.0 THE COUNCIL AT WORK 

 

Wind Siting Council Membership 

 

Recognizing that there are many complex, diverse, and sometimes controversial issues involved 

in wind turbine siting, the Legislature prescribed a very diverse and explicit membership to the 

Council. Wisconsin Stat. § 15.797(1)(b) directs the Commission to appoint a Wind Siting 

Council of up to 15 members to, among other things, advise the Commission in its rulemaking 

process, provide pertinent information regarding wind siting policy, and survey the wind-health 

literature.    

 

Wind-health Report Drafting 

 

The Council first met to discuss the drafting of this wind-health review and policy update in mid-

December, 2012.  At that meeting, the Council developed a tentative timeline for report drafting.  

At the next meeting in early March, 2013, the council agreed upon the types of literature that would 

be considered in its survey and on a date before which to compile a literature list.  Council members 

also agreed to have Commission staff assist them in drafting this report.  By the beginning of May, 

2013, Council members had submitted the literature they wished to be included in the report and 

Commission staff had conducted a formalized wind-health literature review.  In mid-August, 2013, 

Council members received a list of all pertinent literature that was identified for this survey to 

facilitate the drafting process.   

 

Commission staff then prepared a draft report for the Council to review.  The Council’s review 

began in February of 2014 and continued through multiple iterations of discussion and revision.  

In May of 2014, the Council voted to adopt this wind-health report, including the dissenting 

minority report that is attached as an appendix.   

 

Wind-policy Update Drafting  

 

In September, 2013, the Council was asked to provide to Commission staff any documents they 

would like to consider for the wind siting policy update.  The Council did not identify any 

information beyond the 2012 National Association of Regulatory Utility Commissioners 

(NARUC) wind siting best practices.12  Commission staff further surveyed all American states’ 

policies to evaluate national policy trends.   

 

 

 

  

12 Stanton 2012 
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3.0 COUNCIL REVIEW OF WIND TURBINE-HEALTH LITERATURE 

 

Survey of Peer-Reviewed Literature 

 

The first large utility-scale wind turbines in Wisconsin went online in the late 1990’s.  From the 

outset of this newly implemented technology, there was considerable debate in different political 

subdivisions regarding the siting of wind turbines.  As wind energy systems increased in size and 

capacity, some of this debate turned to the possible impacts that turbine operations may have on 

human health.  Concerns about potential adverse health effects led to a formal regulatory 

framework in 2009 with the passage of Act 40 and creation of Wis. Stat. § 196.378(4g) which 

requires the Council to, among other things, provide recommendations on wind turbine siting 

criteria for rulemaking purposes and survey current, peer-reviewed literature on health impacts.  

As part of its recommendations to the Commission regarding wind siting rules, the Council 

completed its initial survey of the wind-health literature in 2010.  The majority of the members 

concluded that given appropriate siting measures, including 50/45 dB(A) day/night noise limits, 

1,250-foot wind turbine setback, and less than 30 hours of shadow flicker per year for non-

participating residences, it is reasonable to conclude that adverse health effects would be unlikely 

to occur.  These conclusions were codified in PSC 128 which describes the wind siting rules that 

the Commission considers when reviewing wind energy projects and the siting criteria that local 

governments may not be more restrictive than.   

 

With over 400 utility-scale wind turbines installed throughout Wisconsin, some members of the 

public have continued to express concerns over potential adverse human health effects attributed 

to wind turbines.  When wind energy systems were initially being proposed, the potential adverse 

health effect causes that people were concerned with included noise, shadow flicker, 

electromagnetic fields (EMF), stray-voltage, ice-throw, and physical collapse of the turbine.  As 

wind energy has expanded, the most common issue that is now being studied with regard to 

impacts on individuals residing in close proximity to wind turbines is noise generated by the 

moving blades, electric generator, and mechanical yawing mechanisms.  The level of public 

concern and amount of scientific or technical research associated with other potential adverse 

health causes have diminished.   

 

In this five-year review, the Council surveyed scientific research, analysis, and opinions on the 

issue of wind energy systems and health that have been published since its 2010 

recommendations to the Commission.13  The Council conducted this survey using the operational 

definition of health as “a state of complete physical, mental and social well-being and not merely 

the absence of disease or infirmity.”14  As noted above, the focus of this survey is generally on 

the effects of wind turbine-generated noise, as this is the primary area where academic research 

is being conducted and the only such cause studied in the peer-reviewed publications identified 

13 See minority appendices E and F for further discussion of potential adverse health effects associated with wind 

energy systems. 
14 World Health Organization definition of health, available at http://www.who.int/about/definition/en/print.html.   
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by the Council.  In addition to surveying literature that was identified by Council members, 

Commission staff also conducted a formal literature search in March of 2013, using the academic 

search engine ISI Web of Knowledge.   Search terms included wind turbine and health, noise, 

low-frequency noise, infrasound, or shadow flicker.  This search was repeated, using the same 

search criteria, in December 2013 to identify any articles that were subsequently published.  All 

peer-reviewed publications that were relevant and available were collected.  This group of papers 

was then narrowed to those published in 2011 or later for inclusion in this report.  Additional 

publications were referenced in the Council’s report as they became available in 2014, however a 

formal literature search was not conducted after December 2013.   

 

 

Empirical Research 

 

One of the most powerful measures to assess potential adverse health effects caused by utility-

scale wind turbines are the results from epidemiological studies.  The Council identified a 

number of cross-sectional, survey-based studies.  These types of studies are common because 

they are easy to conduct, inexpensive, and can determine baseline prevalence of impacts across 

communities.  They are, however, limited because they are not experimental and therefore 

cannot show absolute cause and effect.  They are also limited in that they are subject to bias, 

discussed below, and they are a snapshot and are not able to establish trends.  The Council’s 

review of the wind-health literature revealed nine publications on cross-sectional surveys of 

individuals living near wind farms, related to health.15  Of these nine publications, four appear to 

be unbiased with large sample sizes,16 three have small sample sizes, limiting the reliability of 

their conclusions, and applicability of the other two is limited due to scope or study design.   

 

Caution may be warranted when reviewing these surveys as they are subject to different, and 

sometimes overlapping, biases due to study design.  These include observation, confirmation, 

and selection bias.  Observational bias results when authors limit the scope of a study to a 

particular area or issue, in particular an area or issue where results are expected to be found while 

disregarding other information.  This bias makes a positive result more likely than if a 

randomized sample was surveyed.  Confirmation bias encompasses a range of effects that can be 

described broadly as a tendency to draw conclusions that are in keeping with pre-established 

beliefs.  It can arise through the way data is collected, such as disregarding evidence that would 

be in conflict with anticipated results.  Selection bias has to do primarily with failure to select 

study subjects that accurately represent the population or by allowing subject self-selection.  For 

instance, performing a survey through an open, online means may select for those individuals 

motivated to participate rather than a cross section of a population.     

 

15 Bakker et al. 2012, Pedersen 2011, Nissenbaum et a. 2012, Shepherd et al. 2011, Katsaprakais 2012, Krogh et al. 

2011, Taylor et al. 2013, Janssen et al. 2011 
16 Note, however, that these publications use the same source data set. 
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In addition to these biases in research design, there is also personal bias.  As with any 

contentious field of academic study, some authors of the articles cited in this report may have 

interests in one area of argument.  For instance, some authors reach the conclusion that wind 

turbines cause adverse health impacts by relying on evidence that other authors deem unreliable.  

The source of funding for some of the articles cited herein may also be from organizations that 

support or oppose wind energy.  This may or may not influence the authors’ perspectives on the 

wind-health issue.  What is clear is that the majority of the articles cited in this report are peer-

reviewed and that, regardless of the opinions of the article authors, outside experts have opined 

that the articles offer some degree of independence and important scientific information.   

 

Surveys with Large Sample Sizes 

 

The largest analysis (1,755 respondents) was conducted by Pedersen (2011) and involved three 

cross-sectional surveys in the Netherlands and Sweden using similar survey designs to evaluate 

the effect of environmental noise on health and well-being.17  Respondents could indicate their 

level of annoyance from any sort of environmental noise.  In all three surveys, most respondents 

did not report annoyance or adverse health effects associated with environmental noise.  For 

those individuals that did report annoyance, it directly correlated to environmental noise, 

including noise generated by wind turbines.  Surveys from two of the three wind energy systems 

also indicated that sleep interruption was related to environmental noise, including wind turbine 

noise.  All three surveys also indicated that environmental noise is associated with stress.  The 

study’s author suggested that stress from environmental noise may cause a positive feedback 

loop between stress and sleep disturbance, where stress causes sleep disturbance which in turn 

causes more stress.  Although annoyance, sleep disturbance, and stress were linked to 

environmental noise, the authors point out that these effects are only attributable to wind turbines 

when they are generating sound levels over 40 dB(A),18 a sound level that can be avoided 

through proper siting19 and which is greater than some European regulatory limitations.  

 

Bakker et al. (2012) conducted a separate analysis on a subset of the data (725 respondents) 

gathered in the Netherlands by Pedersen (2011).20  This analysis again showed that the majority 

of respondents did not identify environmental noise from wind turbines as annoying.  Twenty-

three percent of respondents did report annoyance from wind turbine noise to some degree while 

outdoors and 14 percent reported annoyance from turbines while indoors.  This annoyance was 

directly related to noise level, with approximately 4 percent of annoyed respondents reporting 

annoyance where sound levels were less than 30 dB(A) and approximately 66 percent where they 

were above 45 dB(A), a trend that is also supported by experimental evidence by Ruotolo et al. 

(2012).  This analysis also examined sleep disturbance in greater detail.  Sleep disturbance was 

reported by approximately 33 percent of respondents and it increased with greater environmental 

17 Survey participants lived within 1.5 miles of multiple wind turbines with a capacity of at least 0.5 MW.   
18 Wisconsin’s wind siting rules limit day noise to 50 dB(A) and night noise to 45 dB(A). 
19 To be discussed in further detail below.   
20 Survey participants lived within 1.5 miles of multiple wind turbines with a capacity of at least 0.5 MW.   
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noise levels.  However, of these individuals, 86 percent attributed their sleep disturbance to 

people, animals, or traffic/mechanical noise and 14 percent (approximately 4 percent of total 

respondents) indicated that wind turbine noise interrupted their sleep.  The authors’ data indicate 

that most people living near wind energy systems are not annoyed by environmental noise and 

that there is limited support for wind turbine-caused stress leading to physiological distress, 

especially in urban areas with other environmental noise.   

 

These same survey data collected by Pedersen (2011) were further analyzed by Janssen et al. 

(2011) to determine if respondents found wind turbine noise to be qualitatively different than 

other sources of environmental noise as well as to identify what variables may affect 

annoyance.21  The authors found that respondents were more annoyed by wind turbine noise than 

by road or rail noise when above 40 dB(A) and aircraft noise when above 45 dB(A), 22 possibly 

due to the characteristics of wind turbine noise which modulates in amplitude and frequency.23   

Those who benefited economically from wind energy systems reported less annoyance by wind 

turbines than those who did not receive an economic benefit.24  Those who considered 

themselves to be more sensitive to noise, individuals who could see a turbine from their 

residence, and middle-aged individuals reported more annoyance by wind turbines than 

individuals who did not fall into any of those categories.  The former result regarding sensitivity 

is supported by an experimental study by Ruotolo et al. (2012) from which the authors conclude 

that noise sensitivity is positively correlated with annoyance.  Janssen et al. (2011) also 

concluded that annoyance from environmental noise increases rapidly as sound levels exceed 35 

dB(A) outdoors and 40 dB(A) indoors.  The study authors found this to be especially true for 

wind turbine noise, with a large number of individuals reporting to be both annoyed or highly 

annoyed by wind turbines producing outdoor (approximately 40 percent of respondents) or 

indoor (approximately 18 percent of respondents) sound levels over 45 dB(A).25  

 

In a separate study, Mroczek et al. (2012) examined the potential for quality of life impacts, 

including health-related quality of life effects, through a survey of 1,277 randomly-chosen adults 

residing in areas near wind farms. Study participants were given standard and scientifically 

accepted quality of life questionnaires assessing physical and mental health. These 

questionnaires were supplemented with questions about distance between a house and a wind 

farm, age, gender, education, and professional activity. Contrary to arguments commonly made 

about the health impacts of wind turbines to near-by residents, statistical analysis of the 

responses found that quality of life was reported to be the best across all categories by the 

respondents living the closest to wind farms, while the worst by those living farther than 4,900 

feet from a wind farm. In particular statistically significant trends included people living more 

21 Survey participants lived within 1.5 miles of multiple wind turbines with a capacity of at least 0.5 MW.   
22 James 2011 
23 Renterghem et al. 2013, Fiumicelli 2011, van Renterghem et al. 2013 
24 As also found by Bakker et al. 2012 
25 These percentages are calculated from polynomial best fit formulas provided by the study authors.  Substantial 

uncertainty exists for this value because of a low sample size of individuals that experience sound levels over 40 

dB(A).    
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than 4,900 feet from a wind farm assessing their vitality significantly lower than those living in 

the closest distance to a wind farm. Similarly, mental health and social functioning assessments 

were lower for those living over 3,280 feet from a wind farm as compared to those living closer. 

Mroczek et al. (2012) therefore conclude that “close proximity of wind farms does not result in 

the worsening of the quality of life.” 

 

Surveys with Limited Sample Size or Scope 

 

In another study, Katsaprakakis (2012) reviewed the potential environmental and health impacts 

associated with wind energy systems and conducted a small survey of 100 individuals on their 

opinions regarding wind turbines.  As in the previous surveys, the author found that wind 

turbines generally do not cause adverse health effects and that the primary concern associated 

with wind turbines is noise generated during operation (approximately 35 percent of 

respondents).  This survey also found that in general people are supportive of wind energy and 

the author concludes that, with proper siting,26 there are no statistically documented adverse 

health effects associated with wind turbines.   

 

Shepherd et al. (2011) came to somewhat contradictory conclusions using measures of quality of 

life.  In a survey of 39 individuals living within 1.2 miles of 2.3 MW wind turbines (and 

compared to 158 individuals living further away from the same wind turbines), the authors found 

that individuals residing in close proximity to turbines reported reductions in sleep quality, 

energy, and overall quality of life.  This survey also indicated that there is great interpersonal 

variation in opinions on wind projects and concluded that individuals that report greater 

perceived noise sensitivity are more likely to report annoyance,27 reduced sleep quality, and 

lower psychological and social well-being.  A separate survey by Nissenbaum et al. (2012) of 38 

individuals living within 0.8 miles of 1.5 MW wind turbines (and compared to 41 individuals 

living further away) in Maine showed similar results.  This survey found that when compared to 

people living further than 0.8 miles from turbines, those individuals living within 0.8 miles 

reported worse sleep quality, were sleepier during the day,28 and reported worse mental health 

scores.  The authors also described a dose response curve where adverse health effects are 

inversely related to distance from a turbine.29  Although the findings of both of these studies are 

in agreement, caution is merited as the sample size in both is small, limiting the conclusions and 

reducing the ability of the surveys to reveal adverse health effects.   

 

Taylor et al. (2013) conducted another relatively small survey (138 respondents, approximately 

11 percent return rate) in the United Kingdom of individuals living within 0.62 miles of a wind 

turbine.  The authors concluded that perceived noise rather than actual turbine noise is a 

26 To be discussed in further detail below. 
27 A finding similar to that of Janssen et al. 2011 and Ruotolo et al. 2012 
28 Note that with regards to both sleep quality and daytime sleepiness, although the authors concluded that 

differences exist between the near and far groups exist, both groups reported values that fall under “poor sleep 

quality” and “not sleepy” when their scores are indexed against standard classifications.   
29 This trend was only significant after controlling for age, gender, and household clustering.   
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predictor of negative, non-specific adverse health effects.  Furthermore, the authors concluded 

that individuals who have a negative attitude towards wind turbines are more likely to experience 

adverse health effects, regardless of actual noise levels.  These conclusions suggest that 

perceived adverse health effects associated with wind turbines are greatly influenced by an 

individual’s perception or acceptance of wind turbines rather than actual, physiological effects.  

Although these findings are compelling, they have limited applicability to wind energy in 

Wisconsin.  As with Shepherd et al. (2011) and Nissenbaum et al. (2012), this study had a low 

response rate which can introduce bias due to certain population segments being over or under-

represented and the authors also restricted their survey to individuals living near turbines rated at 

a capacity of 5 kW or less.  This is orders of magnitude below the capacity of wind turbines that 

are generally installed in utility-scale wind systems and below the capacity that is generally the 

target of public concern in Wisconsin.    

 

In another study with limited applicability, Krogh et al. (2011) used an open, online survey to 

evaluate wind turbine caused adverse health effects in Canada.30  The authors found that 94 

percent of respondents self-reported altered health or quality of life and specifically that 72 

percent of participants reported experiencing stress, depression, and sleep disturbance due to 

wind turbines.  Although these findings are striking, it should be noted that there are several 

limitations on using the survey results due to the study design.  First, this study was not 

conducted via a random sample and it may be that individuals who have negative opinions about 

wind energy were more motivated to fill out the survey and are therefore overrepresented.  

Second, the survey design used biased questions.  For instance, Question 8 asks, “Do you feel 

that your health has in any way been affected since the erection of these turbines?”  These types 

of questions predispose respondents to negative responses and are atypical when compared to the 

more robust surveys reviewed here.31  Finally, the authors use a p-value32 that is less 

conservative than the established scientific norm to establish significance.  These limits severely 

reduce the applicability of this study when considering potential adverse health effects of wind 

turbines in the general population.   

 

Other Research on Impacts to Individuals Residing in Close Proximity to Wind Farms 

 

As of the writing of this report, there is also a small but growing body of research related to the 

health impacts of wind turbines that does not take the form of the surveys discussed above. This 

includes research on other factors that could impact reported symptoms, as well as broader 

research modeling and analyzing the population-level health impacts related to wind energy.  

 

30 Participants lived from 0.2 to 1.5 miles from a wind turbine.   
31 For example Pedersen 2011 
32 In this case, p-value refers to the acceptable probability of finding a significant result where one does not exist.  A 

p-value of 0.05 is used for most scientific study to establish significance, meaning a false-positive chance of 5 

percent is acceptable.  The authors of this study used p-values up to 0.1 to establish significance, or a 10 percent 

acceptable false-positive probability.   
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Using a double-blind design, Crichton et al. (2013a), examined the importance of individuals’ 

differences in perception of wind turbines in predicting perceived adverse health effects.  The 

authors informed half of a group of healthy individuals that infrasound causes adverse health 

effects (high-expectancy group) and the other half that it does not (low-expectancy group).  

Individuals were then exposed to infrasound and sham infrasound (told they were exposed when 

they were not).  Individuals from the high-expectancy group reported more adverse health effects 

than from the low-expectancy group and also reported adverse health effects at the same level 

during actual and sham exposure.  In a follow-up study using a similar experimental design, 

Crichton et al. (2013b) informed study participants that infrasound either improves health or 

causes health problems.  The study authors report that when actually exposed to infrasound, 

those participants reported feeling better or worse, in accordance with which expectancy group 

they were in.  Taken together, these studies indicate that individual differences and expectations 

(psychogenic factors) appear to be more important in predicting perceived infrasound-caused 

adverse health effects than other factors, including actual exposure.  However, these conclusions 

are limited because both studies were conducted exclusively on college students and had small 

sample sizes.   

 

In research looking more broadly at importance of psychogenic factors in reported symptoms, 

Chapman et al. (2013) examined the spatial and temporal distribution of noise or health 

complaints with regard to wind farms in Australia.  Recorded complaints from all 51 Australian 

wind farms from the period 1993-2012 were compiled, corroborated, and analyzed as part of the 

study. The authors examined the relations within complaints, and the relation of complaints to 

other known factors, such as distance to wind turbines and timing with regard to dissemination of 

health concerns by interest groups. Chapman et al. (2013) found that the majority of wind farms 

had no history of complaints, and that less than 1% of residents within 1km of wind farms with 

large (>1MW) turbines complained.  It was also found that the timing of complaints with regard 

to wind turbine operation was “inconsistent with turbines causing acute effects”, which supports 

the conclusion of Taylor et al. (2013) that “it is the perception of noise rather than actual noise 

that is important in predicting symptoms of ill-health.”  

 

Research Conclusions 

 

There is a relative paucity of empirical, epidemiological studies on the effects of wind turbines 

on human health and well-being.33  Within the literature that does exist, there are also some 

apparently contradictory results.  Based on the strength of the information that is available, it is 

reasonable to conclude that the majority of individuals living near wind energy systems do not 

experience adverse health effects or reduced well-being.   

 

It should be noted that a small minority of individuals living in close proximity to wind turbines 

are annoyed by wind turbine noise and of these, some experience sleep disturbance and stress.    

33 With this said, the Council recognizes that much important and groundbreaking research is being conducted in the 

wind-health field.   
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It is currently not possible, based on available research, to conclude with scientific certainty 

whether these adverse health effects are caused by wind energy systems.  Furthermore, there 

exists empirical research suggesting that these issues are affected by factors including 

expectations of health impacts and personal attitudes and opinions with regards to wind energy 

systems.     

 

Reviews and Opinions 

 

The majority of the articles that the Council identified through its literature search are review and 

opinion articles.  Review articles are useful in that they offer expert summaries of relevant 

literature, but they are also limited if available research is of modest quantity and quality.  

Although multiple cross-sectional studies have been administered in areas with wind energy 

systems, as noted above one of these studies is not applicable to wind energy issues in 

Wisconsin, another is biased, and several of the analyses conducted on surveys with large sample 

sizes used the same data set.  For these reasons, it is necessary to view the over twenty review 

and opinion articles that deal directly with wind-health issues with caution.  Rather than being 

reviews of a large body of independent primary literature, they represent syntheses of a handful 

of studies34 and some are published by authors working actively for or against the wind energy 

industry.35  Furthermore, some of the reviews that have been published misinterpret the results of 

the empirical research,36 make claims of a causal link between wind turbines and adverse health 

effects without providing any evidence or citations,37 or make erroneous claims about wind-

energy policy.38  With that said, there are several unbiased reviews that accurately interpret the 

primary literature and reach meaningful and balanced conclusions.39     

 

Review and opinion articles on the wind-health issue generally fall into one of two categories, 

either supporting the claim that wind-generating facilities cause adverse health effects40 or 

disputing the claim that actual physiological adverse health effects exist as a result of exposure to 

wind turbines.41  What is not under dispute between these two groups is that wind turbines 

produce environmental noise, that some individuals find that noise annoying, and that 

environmental noise may cause sleep disruption if the sound levels are high enough.  There is, as 

a result, a consensus that proper wind turbine siting is imperative when designing wind 

generating systems to reduce the impacts of noise on people.42   

34 See Horner et al. 2011 
35 See Moller and Pedersen 2011 
36 For example Hanning and Evans 2012, Phillips 2011 
37 For example Havas and Colling 2011, Phillips 2011 
38 For example Vanderburg 2011 
39 Roberts and Roberts 2013, Knopper and Ollson 2011, Fiumicelli 2011 
40 Phillips 2011, Havas and Colling 2011, Horner et al. 2011, James 2011, McMurtry 2011, Salt and Kaltenbach 

2011, Shain 2011, Rand et al. 2011, Ambrose et al. 2012, Bronzaft 2011, Hanning and Evans 2012, Harrison 2011, 

Jeffery et al. 2013, Farboud et al. 2013, Arra et al. 2014  
41 Knopper and Ollson 2011, Thorne 2011, Bolin et al. 2011, Crichton et al. 2013(b), Moller and Pedersen 2011, 

Roberts and Roberts 2013 
42 See Krogh 2011, Shepherd and Billington 2011 
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The hypothesized route by which adverse health impacts arise among the review and opinion 

articles that can generally be characterized as against wind energy systems follows two paths.  

The first, and more compelling, hypothesized argument is that there is an indirect effect by 

which noise from wind turbines can cause annoyance and stress in individuals, that stress and 

noise may lead to sleep deprivation, and that these factors can act together or separately to cause 

adverse health effects.43  Some of the adverse health effects that are commonly described include 

tinnitus, difficulty concentrating, hypertension, depression/anxiety, difficulty in diabetes control, 

and fatigue.44  While many arguing that wind energy is safe claim that any health effects are 

secondary and due to individuals’ reactions to wind turbines,45 opponents of this argument assert 

that adverse health effects are caused by wind turbines, regardless of whether they are by 

secondary pathways.46 

 

The second hypothesized pathway by which adverse health impacts arise is more contentious.  

Several authors provide case studies describing their experience working near wind energy 

systems as well as anecdotal reports of adverse health effects experienced by residents living 

near wind turbines.47  The mechanism leading to adverse health effects suggested in these case 

studies is not the annoyance-stress-health effect pathway that has been outlined above, but rather 

physiological disease caused by inaudible infrasound and low-frequency noise (ILFN).48  The 

authors concede ILFN is generally not perceived by humans at the sound pressure levels 

produced by wind turbines.  Rather, they point to a mechanism described by Salt and Kaltenbach 

(2011) in which ILFN stimulates individuals’ outer hair cells in the outer ear, causing a 

neurological impulse, but one that is not physically perceived by humans.  The authors suggest 

that these unperceived impulses then cause chronic, physiological adverse health effects.  They 

also suggest that effects of ILFN could also be exacerbated by resonance that may occur in 

rooms that meet the resonant frequency of long-wave ILFN49 or because of the pulsing nature of 

turbine noise.  This argument has been adopted by other scientists and is supported in both 

technical review articles50 and an opinion article published in a medical journal.51  However, 

there appears to be a dearth of empirical research on the purported ILFN-adverse health effect 

link and only one principle investigator is actively pursuing a research program on the effect of 

ILFN on outer hair cell stimulation.52 

 

43 Jeffery et al. 2013, Bronzaft 2011, Shain 2011, Horner et al. 2011, Phillips 2011, Arra et al. 2014 
44 See McMurtry 2011 for an exhaustive list of symptoms and a medical case definition. 
45 Knopper and Ollson 2011 
46 Horner et al. 2011, Shepherd et al. 2011, Bakker et al. 2012 
47 Ambrose et al. 2012, Rand et al. 2011 
48 Infrasound is generally considered sounds below 20 hertz (Hz) and low-frequency noise is generally considered 

sounds between 20 Hz and 200 Hz.    
49 Havas and Colling 2011 
50 Havas and Colling 2011, James 2011, Farboud et al. 2013 
51 Hanning and Evans 2012 
52 Alec N. Salt at Washington University, St. Louis, MO 
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As noted previously, in no instance in the Council’s literature survey did an article make the 

claim that wind turbines have no effect on individuals living near them.  Rather, the view of 

those authors in the relatively pro-wind category is that they can cause annoyance, may cause 

sleep disturbance, and may cause some stress due to environmental noise and a loss of control 

over the environment.53  Although these effects may be viewed by some as adverse health 

effects, another group of articles concludes that there is not a direct link between wind turbines 

and negative effects in human health54and that wind turbines do not elicit more complaints of 

adverse health effects than other types of novel environmental noise.55  Furthermore, these 

articles indicate that the primary predictor of whether an individual will report adverse health 

effects subsequent to a wind energy facility coming online is the individual’s perceptions of wind 

turbines.56  In other words, these authors argue that an individual’s disposition (positive or 

negative) towards wind turbines is a powerful predictor of whether they will report adverse 

health effects.   

 

There is also no debate in the literature that wind turbines produce ILFN and that larger wind 

turbines generally emit more audible noise than smaller turbines.  Larger turbines also emit 

higher levels of low-frequency noise, but not substantially larger amounts of infrasound,57 and 

actually produce less infrasound than some other sources of environmental noise.58  In reviews 

and opinion articles that are not critical of wind turbines, the conclusion is that ILFN at the level 

produced by turbines does not lead to adverse health effects59 and that there is no scientifically 

accepted physiological pathway that would cause such effects.60   

 

The Council’s survey also identified reviews and opinion articles that dealt with noise limits and 

potential health effects.  Some concern is presented that wind turbine noise modelling is 

inaccurate61 and that noise limits are inadequate.62  However the former claim is disputed by 

testing of actual wind energy systems which suggest that noise levels do not differ significantly 

from those predicted by a common noise modelling software program.63  The latter will be 

addressed in the policy update section of this report.   

 

The Council’s survey of review and opinion articles identified more articles that were critical of 

wind energy systems than in support (15-critical, 7-supportive).  This does not indicate that the 

consensus of the scientific community is that wind energy facilities have proven adverse health 

effects in humans, however.  Although the reviews and opinion articles that are not critical of 

53 Knopper and Ollson 2011, Roberts and Roberts 2013, Bolin et al. 2011 
54 Roberts and Roberts 2013 
55 Knopper and Ollson 2011 
56 Knopper and Ollson 2011 
57 Moller and Pedersen  
58 Bolin et al. 2011 
59 Roberts and Roberts 2013, Knopper and Ollson 2011, Bolin et al. 2011 
60 Bolin et al. 2011, Roberts and Roberts 2013 
61 Thorne 2011 
62 Palmer 2013 
63 Kaldellis et al. 2012 
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wind energy are fewer in number, other factors are also important when evaluating these articles.  

For instance, many of the critical reviews and opinion articles are published in very low-impact64 

journals, make erroneous claims, and do not follow scientific standards on citing evidence.  This 

point is made not to discount the importance of considering critical reports, but rather to 

emphasize that multiple factors must be considered when evaluating publications on important 

public health issues.   

 

Conclusion 

 

Although there are several publications arguing that noise from wind turbines directly causes 

adverse health effects in humans, based upon the peer-reviewed literature, it appears at this time 

that there is insufficient data to validate this scientific conclusion.  It will be a priority of the 

Council to continue surveying the peer-reviewed literature to determine if this consensus 

changes, if a viable mechanism for ILFN-caused adverse health effects is shown, and if the 

medical community identifies a disease associated with wind turbine-noise exposure.  Although 

important and indeed groundbreaking research is clearly being conducted in the field of wind-

health interactions, the Council is unable, at this time, to conclude that wind turbines have a 

direct and negative effect on human health.   

 

As it stands, the literature available to the Council lacked strength and in some instances, was 

biased.  Many of the authors of the material cited herein point this out and call for more detailed, 

randomized, long-term studies in the future.  The Council is aware of at least one study65 being 

conducted by a government panel that is designed to do just that and at least one additional 

governmental review of the literature.66  These may shed light on new health issues associated 

with wind turbines or confirm the Council’s finding that there is no direct link between wind 

turbines and human health.  At the very least, ongoing research should clarify the sometimes 

muddy waters of the wind-health debate.   

  

64 “Impact factor” is a calculation based on the number of times a journal is cited over the total number of all 

citations in a given time period and is a proxy of importance.  High-impact journals carry more weight, prestige, and 

influence than low-impact journals.   
65 Government of Canada, Health Canada and Statistics Canada Group 
66 Government of Australia, National Health and Medical Research Council 
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4.0 WIND SITING POLICY UPDATE 

 

Under Wis. Stat. § 196.378(4g)(e), the Council is charged with reviewing regulatory 

developments in wind siting policy and providing a report and recommendations to the 

Legislature.  Working towards this end, the Council reviewed the wind siting policies of all fifty 

states and the District of Columbia.67  Commission staff also conducted a formal academic 

search of the peer-reviewed literature regarding wind siting policy.  This survey was completed 

in November 2013 and used the academic search engine ISI Web of Knowledge.  Search terms 

were designed to gather results both on general wind siting policies as well as pertinent 

developments regarding the specific rules contained in PSC 128.68  Terms regarding noise and 

health or shadow flicker were not included as these were used in the formal academic search that 

was conducted as part of the wind-health section of this report and have been addressed earlier in 

this report.  These searches and a review of news reports identified two non-governmental 

reports on wind siting policy, three white papers on the effects of wind energy systems on 

residential home value specifically, and eight peer-reviewed articles.69,70  

While the Council considered all of these documents, the Council heavily relied upon the 

comprehensive 2012 report commissioned by the National Association of Regulatory Utility 

Commissioners (NARUC report).71  NARUC is a national association representing state public 

service commissioners and acts as a resource for state utility regulatory agencies.  It 

commissioned a report on wind siting policies under a grant from the United States Department 

of Energy, and the NARUC report is an extensive policy document regarding wind siting in the 

United States.   

Rules on the siting of wind energy systems in Wisconsin are codified in Wis. Admin. Code ch. 

PSC 128 and have been in effect since March 16, 2012.  These rules apply to local regulation of 

wind energy systems with a total combined generating capacity of less than 100 MW, and they 

limit the restrictions that a local jurisdiction may impose on a wind energy development in 

Wisconsin.  Wind energy developments of 100 MW combined generating capacity or greater are 

subject to Commission review.  The Commission is not required to strictly adhere to Wis. 

Admin. Code ch. PSC 128, however it must consider the requirements in its review of a 

67 See Appendix G for the results of this review.   
68 Search terms included “Wind siting policy,” “Wind siting rule,” “Wind turbine setback distance,” “Wind turbine 

noise limit,” “Wind turbine property value,” “Wind turbine siting,” and “Wind turbine decommissioning.”  In total, 

these terms elicited 398 hits, of which 8 were in some way relevant to wind turbine siting or health.     
69 This survey also identified three articles regarding noise and health that were published after and one that was not 

identified by the Commission staff’s academic survey.  These are included in the wind-health portion of this report.   
70 Two articles identified, Fargione et al. 2012 and Mulvaney et al. 2013, are relevant to wind policy issues, however 

they do not apply to issues that the Council has addressed here.  Fargione et al. 2012 recommends a mapping 

process to identify wind turbine sites that are optimal in terms of mitigating harm to wildlife.  Mulvaney et al. 2013 

conducted a survey of individuals living near proposed or actual wind energy systems in Indiana and concluded that 

most people living near wind energy projects are supportive, primarily for financial and environmental reasons and 

that those opposed are more vocal in their opposition and are often exurbanites who moved to a rural area for the 

lifestyle.    
71 Stanton was commissioned by NARUC to prepare the 2012 report and views or opinions reached therein are not 

necessarily those of NARUC or the US DOE. 
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proposed wind energy system.  Wisconsin wind siting rules are some of the most comprehensive 

in the nation, covering nearly every aspect of wind siting, and include: 

 50 dB(A) day and 45 dB(A) night noise limits. 

 Turbine setback from property lines, roads, and utility rights-of-way of 1.1 times turbine 

height. 

 Turbine setback from non-participating residences of 3.1 times turbine height, up to 

1,250 feet.  

 A maximum of 30 hours of shadow flicker per year at non-participating residences and 

mitigation if over 20 hours.   

 Mitigation of radio and television interference. 

 Testing of stray voltage by the wind energy system owner, if requested. 

 Proof of financial responsibility for decommissioning.   

 

Findings Related to Wind Siting Rules under PSC 128  

 

Outlined below is a discussion of major state and federal policies regarding wind siting.   

 

Jurisdiction  

 

The NARUC report’s exhaustive review of wind siting policies in all of the United States found 

that jurisdiction over wind energy developments is held at the state level in 22 cases, the local 

level in 26 cases, and jointly controlled in two cases.  Regardless of state jurisdiction, local 

governments still have substantial control over siting criteria in 48 states.72  Over half of states 

have some sort of wind siting criteria, whether at the state or local level, and 10 states provide 

local jurisdictions with voluntary guidelines in the form of model wind siting ordinances.73  

Model ordinances are not legally binding; however, portions of them may reflect policy 

determined at the state level that is mandatory.74   

 

Noise75,76 

 

States that mandate siting rules or recommend wind siting policies often provide limits on the 

noise levels from wind turbines that individuals living near wind energy projects may 

experience.  In general, states with wind siting policies require or recommend that non-

participating landowners are not subjected to noise levels over 55 dB(A)77 at an occupied 

72 Environmental Law Institute 2013 
73 Stanton 2012 
74 For instance noise limits or maximum imposed setback distances. 
75 See the “Wind-health Review” section of this report for a discussion of the potential adverse health effects elicited 

by noise from wind turbines.    
76 PSC 128 imposes a 50/45 dB(A) day/night limit.    
77 Median 55 dB(A), Range 45-60 dB(A). 
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dwelling.  Some states that are more restrictive also have noise limits at property boundaries, 

separate day and night noise restrictions or differentials to ambient sound levels.  

The NARUC report has a few key recommendations on noise restrictions.  First, it recommends 

that noise standards should be based on land use.78  The report argues that doing so would 

incorporate background noise when considering siting, as the noise levels that may elicit 

annoyance may be washed out to some degree by background noise and thus not be as 

noticeable.  Second, it recommends that a clear monitoring, arbitration, and mitigation process be 

implemented to deal with resident complaints.  Finally, it recommends using a 40 dB(A) noise 

level as an ideal design goal with a 45 dB(A) regulatory limit at non-participating residences.  

This maximum regulatory limit on noise in Wisconsin is less restrictive than this 

recommendation, however Wisconsin’s limit is more restrictive than limits imposed by some 

other state and local jurisdictions.79  Although both King and Mahon (2011) and the NARUC 

report recommend considering background noise, the majority of states establish absolute limits 

and do not formally take background noise into account as part of noise standards80.  There is 

also evidence that regulations that do consider background noise or predicted noise attenuation 

caused by the walls of homes may not accurately reflect actual noise propagation, especially for 

low frequency noise.81 

 

Turbine Setbacks82 

 

For those states that mandate wind siting rules or recommend siting criteria, the setback distance 

of wind turbines from property boundaries, occupied dwellings, or public/utility rights-of-way 

ranges from one to five times turbine height.  However, most states with wind siting rules or 

model ordinances recommend setback distances between one and 1.5 times turbine height, and 

some setback distances are contingent on turbine capacity or the type of structure or boundary to 

which the setback is applied.83  Watson et al. (2012) point out that there is no perfect setback 

distance because local landscapes vary and there can be competing interests between wind 

developers and local populations.   

The NARUC report takes a somewhat different stance.  Rather than regulating for specific 

setback distances, the report recommends regulating for issues that are often reported near wind 

energy systems.  It recommends having setbacks that would meet noise and shadow flicker 

78 This recommendation is supported by the conclusions reached by King and Mahon 2011. 
79 For instance Colorado has 55 dB(A) day and 50 dB(A) night noise limits and the median limit imposed at 21 wind 

energy facilities that are under local jurisdiction throughout Michigan is 55 dB(A), with a range from 40 to 60 

dB(A).   
80 Delaware, Massachusetts, Michigan and Oregon have noise restrictions that specify allowances over the ambient 

noise levels. 
81 Hansen et al. 2012 
82 PSC 128 allows local governments to impose a setback of 1,250 foot or 3.1 times turbine height from 

nonparticipating residences and occupied community buildings, and 1.1 times turbine height from property lines and 

public and utility rights-of-way.   
83 See Appendix G for a list of all states’ policies.    
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restrictions, arguing that avoiding actual impacts on residents is of primary importance, rather 

than imposing what may be an arbitrary distance.  

  

Shadow Flicker84,85 

 

Few states offer guidelines or recommendations for shadow flicker limitations.  Among those 

that do, limits up to 30 hours per year are common.  Some other states recommend having wind 

developers describe the mitigation measures that they would implement to reduce the effect of 

shadow flicker on residences.  Technology may be available that can assist in modifying turbine 

operations to mitigate shadow flicker impacts to residences, although it is in the early stages of 

deployment.86  The NARUC report has similar recommendations to those put forward by states, 

and suggests shadow flicker limits of less than or equal to 30 hours of exposure per year and 30 

minutes per day at non-participating residences.87   

 

Decommissioning88  

 

The NARUC report recommends establishing clear triggers for decommissioning,89 in addition 

to requiring wind energy system owners to have an escrow account to cover decommissioning 

costs.  States with decommissioning rules or recommendations generally call for a 

decommissioning plan to be submitted prior to construction, and some also suggest having proof 

of financial security from a turbine owner.  However, the specific amount of financial security to 

maintain can be difficult to assess as no major wind energy systems have been decommissioned 

to date and the estimated cost to decommission a single turbine ranges from $9,791 to 

$631,875.90    

 

Signal Interference91  

 

Few states have policies regarding regulation of or recommended mitigation for signal 

interference caused by wind turbines.  Those that do suggest mitigation of interference at cost to 

84 PSC 128 allows local governments to impose a 30 hour annual limit at non-participating residences.   
85 Under PSC 128, the PSCW has the ability to create measurement, compliance, and testing protocols, including a 

shadow flicker compliance and mitigation protocol, but to date no shadow flicker protocol has been created.  The 

PSCW has established a noise protocol and a stray voltage protocol. 
86 For example, turbine producer Vestas advertises the Vestas Shadow Detection System (VSDS) as able to pause 

turbine blades if the unit registers shadow flicker beyond a certain threshold by combining sensors with shadow 

modeling software. 
87 PSC 128 does not limit per day exposure.   
88 PSC 128 requires decommissioning at the end of a turbine’s useful life, creates rebuttable presumptions to 

establish when the end of the useful life has occurred, and requires a wind energy system owner to maintain proof of 

financial ability to fund decommissioning.   
89 For example, operational dormancy periods after which a wind turbine owner would be required to decommission 

it.   
90 Ferrell and DuVuyst 2013 
91 PSC 128 allows local governments to require mitigation of any radio, television or other communications signal 

interference resulting from wind energy systems by its owner. 
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the wind energy system owner.  This is consistent with the recommendations of the NARUC 

report.  Unlike other states, Michigan’s model ordinance does not permit any signal interference.   

 

Other Pertinent Findings 

 

Permitting Process 

 

The NARUC report offers a number of insights on states’ role in wind development projects.  It 

recommends establishing a single-stop consultation process between applicants, regulators, and 

governmental bodies where all aspects of the project and the regulatory process can be 

discussed.92  It suggests that states should also develop clear and consistent guidelines for 

applicants to use which should be readily available to allow for successful project development.93  

Complicated and multi-level review processes should be avoided as they have led to permitting 

taking over five years in other countries.94  During this consultation and permitting process, the 

NARUC report calls for developing a clear, explicit, and transparent complaint review process 

that explicitly defines protocols for noise monitoring and mitigation.95, 96 Finally, the NARUC 

report recommends that states develop maps of preferred wind energy development zones based 

on wind resources and land use planning and wind energy exclusion zones based on natural and 

other resources.97   

 

Population Density 

 

The recommendations put forward by the NARUC report are influenced by the practices utilized 

by states where there are fewer perceived conflicts with wind system development.  The report 

recognizes that the “progress in wind energy development can reflect simply an abundance of 

wide-open spaces where turbines can be placed without affecting many citizens at all98”, which 

may indicate  that in considering relevant siting policy recommendations, a consideration of 

comparative population densities may also be useful.  Appendix L provides a comparison of 

county and town population densities for states in the Upper Midwest where there are developed 

92 PSC 128 requires pre-application consultation meetings, which can provide an opportunity for an applicant and 

the local government to discuss concerns and clarify expectations. 
93 PSC 128 requires the PSC to establish detailed Application Filing Requirements for projects permitted under PSC 

128, and these Requirements are available on the PSC’s website.   
94 Iglesias et al. 2011 
95 PSC 128 establishes a complaint process for complaints about projects permitted under PSC 128.  The process 

includes the ability to appeal a decision by the local government to the PSC. 
96 PSC 128 allows local governments to use the Noise Measurement Protocol established and periodically revised by 

the PSC.  The Noise Measurement Protocol is available on the PSC’s website.   
97 Some states, including Texas, Colorado, Utah, Michigan, and Nevada provide preferred wind energy zones and 

others, including Wisconsin, Ohio, and Michigan, provide recommended commercial wind energy exclusion zones.  

See Appendix I for a map of areas not recommended for wind development established by the Wisconsin 

Department of Natural Resources. 
98 Stanton 2012 
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wind energy systems.  It shows higher county and township population density in areas where 

wind energy systems have been developed in Wisconsin than in our neighboring states. 

 

Property Impacts 

 

The question of whether wind turbines impact neighboring property values was discussed by the 

Council in 2010 and continues to be a topic of interest in the wind siting arena.  To date, no state 

has specifically established a regulation regarding potential property value impacts from wind 

turbines.  However, some jurisdictions are requiring property value guarantees when issuing a 

permit for a wind energy development (see Appendix H).   

 

Conclusion 

 

Wisconsin’s siting regulations for wind energy systems are evidently consistent with other state 

and national policy regulatory developments.  It is clear that in future projects, Wisconsin should 

continue to provide a transparent regulatory and approval process for wind developers, as well as 

keep in mind that best practices should be determined by the best available information about the 

relationship between wind energy systems and siting and zoning.99 

99 Stanton 2012 
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Appendix A 
 

Wind Siting Council Membership 
 

Wisconsin Stat. § 15.797(1)(b) requires the Commission to appoint a Wind Siting Council.  

Specifically, the Legislature set forth the following representation on the Council: 
 

 Two members representing wind energy system developers (Developer Members). 

 One member representing towns (Towns Member) and one member representing counties 

(County Member). 

 Two members representing the energy industry (Energy Members). 

 Two members representing environmental groups (Environmental Members). 

 Two members representing realtors (Realtor Members). 

 Two members who are landowners living adjacent to or in the vicinity of a wind energy 

system and who have not received compensation by or behalf of owners, operators, or 

developers of wind energy systems (Landowner Members). 

 Two public members (Public Members). 

 One member who is a University of Wisconsin System faculty member with expertise 

regarding the health impacts of wind energy systems (UW Faculty Member). 
 

Consistent with the Legislature’s directive, the Commission appointed people of diverse 

backgrounds and experiences, satisfying the explicit legislative statutory criteria.  At the time of 

this report, the following individuals are members of the Council100:   
 

 Bill Rakocy, Emerging Energies of Wisconsin, LLC—Developer Member 

 Wes Slaymaker, WES Engineering—Developer Member (Appointed 08/29/14) 

 Glen Schwalbach, Town of Rockland—Towns Member 

 Scott Godfrey, Iowa County—County Member 

 Andy Hesselbach, We Energies—Energy Member 

 Deb Erwin, Northern States Power Company Wisconsin—Energy Member 

 Michael Vickerman, RENEW Wisconsin—Environmental Member 

 Tyson Cook, Clean Wisconsin—Environmental Member 

 Tim Roehl—Realtor Member (Appointed 08/29/2014) 

 Tom Meyer, Restraino & Associates—Realtor Member 

 Jarred Searls—Landowner Member 

 James Amstadt—Landowner Member 

 Carl Kuehne—Public Member 

 Mary Brandt—Public Member (Appointed 08/29/2014) 

 Vacant—UW Faculty Member

100 Three members were appointed at the end of August and after the Health Section of this report had been 

finalized.  They are noted as appointed 08/29/2014. 
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Appendix B 

 

Peer Review 

Peer review is an integral part of the scientific publication process.  It both provides review of 

the hypotheses, techniques, and conclusions of scientific literature as well as support that a 

publication has met the standards of the scientific and technical community.101  Peer review 

typically involves review of a draft manuscript by at least two independent individuals and a 

journal editor. 

Reviewing generally adheres to the following rules:102 

 Peer reviewers must: 

o Have expertise in the given field. 

o Be independent of the agency/research group under review. 

o Be free of real or perceived conflict of interest. 

 Peer reviewers must comment on science and not policy. 

 Peer reviewers must offer independent reviews of the material. 

 

Reviewers provide comments on the writing, hypotheses, techniques, results, and validity of the 

conclusions reached in the manuscript.  These comments are typically then reviewed by an editor 

to determine if the manuscript has relevance and merit for a given scientific or technical journal.  

If the manuscript requires clarification or reinterpretation, it is returned to the author(s) to make 

changes which are then evaluated by the editor to determine if the manuscript is suitable for 

publication.   

Although this is the “gold standard” reviewing process used by scientific and technical journals, 

other types of review also exist that do not provide the same level of scrutiny.  For instance, 

summary abstracts or papers that are presented at scientific or technical conferences may be 

reviewed by a board of editors. There are several primary differences between this type of review 

and the former described.   

Editors of material for conferences typically: 

 Review material for the interest that it will elicit as presented material. 

 Are not multiple independent reviewers. 

 Do not place the material under the same level of scientific scrutiny as in the journal 

article review process. 

 Do not require a response by the author(s). 

 Do not necessarily hold expertise in the field of study. 

 

101 United States Office of Information and Regulatory Affairs  2004. 
102 American Association for the Advancement of Science 2005.   
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Although conference abstracts or papers may be published as part of a conference, these articles 

do not, generally, carry the same degree of scientific influence as those published in traditional 

scientific and technical journals for these reasons.   

It should also be noted that the validity afforded to peer-reviewed literature is only as good as the 

process that was used for the review.  If non-experts are consulted or if experts review materials 

outside of their field of study, then material has not been adequately academically peer-reviewed.  

Although high-impact103 journals place a strong emphasis on the review process and are highly 

selective in materials they publish, low impact journals may not subject their manuscripts to the 

same level of scrutiny.  This may occur for three primary reasons:  1)  low-impact journals 

generally receive fewer manuscripts than high-impact journals, and thus inherently are not able 

to be as selective in choosing manuscripts to publish, 2) low-impact journals generally receive 

manuscripts from inexperienced researchers (e.g., a summer study by an undergraduate research 

assistant) which may be more technically flawed than manuscripts prepared by senior scientists, 

and 3) expert reviewers are often less inclined to review manuscripts for low-impact journals as 

the review process is voluntary, reviewers have limited time, and reviewing for a low-impact 

journal does not add the same level of prestige to the reviewers’ career as reviewing manuscripts 

for a high-impact journal.  This is not to say that valid scientific research is not published in low-

impact journals, however caution may be warranted when interpreting low-impact publications.   

 

103 “Impact factor” is a calculation based the number of times a journal is cited over the total number of all citations 

in a given time period and is a proxy for importance.  High-impact journals carry more weight, prestige, and 

influence than low-impact journals and include journals such as Science, Nature, and The New England Journal of 

Medicine.     
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Scientific Documents 

There are several types of scientific and technical publications, all of which carry different levels of scientific purpose, scope, scrutiny, 

and influence. These are general descriptions and do not represent any and all cases.  Footnotes indicate examples of each that are 

available in the relevant wind-health literature.   

 

Type Scope Peer-reviewed? Influence  Description  

Articles  Research104 Yes High Presents the results of an original study that has been 

vetted to ensure that it complies with accepted scientific 

standards, including study design, sampling techniques, 

and statistical methods.   

Articles Meta-analysis  Yes High Presents the summarized, analyzed results of multiple 

research articles.  Both the articles used for the analysis 

and the meta-analysis itself have been vetted to ensure 

they comply with accepted scientific standards, including 

study design, sampling techniques, and statistical 

methods.   

Articles Review105 Yes High Presents a summary of multiple research articles and 

meta-analyses.  Both the articles used for the review and 

the review itself have been vetted to ensure they comply 

with accepted scientific standards. 

Articles Opinion106  Yes Moderate Presents the opinions of the author(s) on a scientific topic.  

The opinion has been vetted as reasonable, informative, 

and advancing from a scientific or technical viewpoint.   

  

104 Pawlaczyk-Luszczynska et al.  2005 
105 Bastasch et al. 2006     
106 Bronzaf  2011   
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Type Scope Peer-reviewed? Influence  Description  

Major Governmental or 

Non-governmental 

Organization 

Research  No High Presents the results of an original study that has been 

conducted by appointed experts.  Although these types of 

studies are not necessarily vetted, the researchers are 

generally considered to be leaders in their field and 

therefore conformists with scientific standards.  

Publications directed by major governmental agencies 

(e.g., state, federal, or international agency) or non-

governmental organizations (e.g., World Health 

Organization) are generally considered to hold similar 

validity as top research articles.   

Major Governmental or 

Non-governmental 

Organization 

Review107 No High Presents a review of research articles and meta-analyses 

conducted by appointed experts.  Although these types of 

reviews are not necessarily vetted, the researchers are 

generally considered to be leaders in their fields and 

therefore conformists with scientific standards. 

Publications directed by major governmental agencies 

(e.g., state, federal, or international agency) or non-

governmental organizations (e.g., World Health 

Organization) are generally considered to hold similar 

validity as top review articles.   

  

107 Ellenbogen et al. 2012   
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Type Scope Peer-reviewed? Influence  Description  

Major Governmental or 

Non-governmental 

Organization 

Guidelines108  No High Presents recommendations on a given subject based on the 

knowledge and experience of appointed experts.  

Although guidelines are not necessarily vetted, the writers 

are generally considered to be leaders in their fields and 

therefore conformists with scientific standards.  

Guidelines recommended by major governmental 

agencies (e.g., state, federal, or international agency) or 

non-governmental organizations (e.g., World Health 

Organization) are generally considered as balanced and 

based on relevant scientific evidence.   

Reports Report109 No Limited Presents the results of observations, often by a scientific 

or technical consulting firm.  The report procedural design 

generally complies with accepted sampling techniques, 

however it generally does not represent a broad sampling, 

the results of which could be statistically applied over 

other geographic areas or situations.   

Self-published material, 

Websites, Blogs, etc. 

Any No Limited Presents the views of experts or non-experts.  These views 

are of varying degree of validity, review, and may or may 

not be reliable or attributable.     

 

 

 

 

 

 

 

  

108 World Health Organization 2009 
109 Walker et al. 2012  
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Appendix C 

 

Summary of Governmental Reports 

 

The Council identified three governmental reports reviewing the effect of wind energy facilities 

on human health and well-being.110  All of these reports serve a similar function to this report in 

that they were designed to survey the pertinent wind-health literature and provide policy 

recommendations.  Although these reports are not peer-reviewed, they are generally prepared by 

panels of experts111 for governmental bodies and hold similar weight as top peer-reviewed 

publications.   

 

National Health Service, Shetland, Scotland 

 

The National Health Service, Shetland, Scotland recently released its “Report on the Health 

Impacts of Wind Farms Shetland 2013” (Shetland report).112  The author’s goal in this report was 

“to provide a report on the ‘health effects (if any) of wind farms’” and the health issues 

examined included construction, operation, and maintenance safety, shadow flicker, EMF, and 

noise.   

 

The author of the Shetland report concluded that there is not a significant health risk to 

individuals living near wind turbines during construction or operation of wind energy systems.  

However, there is risk to construction workers, on the scale of any other large construction 

project.  Unlike other governmental reviews and the general scientific consensus, the Shetland 

report concluded that utility-scale wind turbines may pose a seizure risk to photosensitive 

epileptics due to the shadow flicker that is produced by turbine operation.  It was noted, 

however, that this is only an issue during abnormal operational speeds.  EMF was also briefly 

discussed in this wind-health report.  The author concluded that there is no risk to individuals 

living near wind turbines from EMF.   

 

Similar to many of the findings discussed previously, the Shetland report concluded that wind 

turbines do produce noise that is annoying to some people.  The report indicated that distance to 

wind turbines is directly related to reports of annoyance and that other factors, such as turbine 

visibility and economic gain, also influence annoyance.  Wind turbines may also interrupt sleep 

in some individuals living near them.  The report concludes that annoyance and sleep deprivation 

may interact to increase stress and lead to, indirectly, some chronic health conditions.  The 

Shetland report notes that ILFN may be annoying to some people, however the levels produced 

by wind turbines are generally less than from other industrial noise sources and are likely 

inaudible to most people.  The author states that some caution should be taken in these 

110 Ellenbogen et al. 2012, Joshi et al. 2013, Taylor 2013.  The Council identified two additional governmental 

reports regarding ILFN.   
111 With the exception of Taylor 2013, which was prepared by one expert. 
112 Taylor 2013 
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conclusions, however, because of the “limited amount of original scientific research” on these 

topics available at the time. 

 

Oregon Office of Environmental Health 

 

Also in 2013, the Oregon Office of Environmental Health, Public Health Division released the 

final draft of its “Strategic Health Impact Assessment on Wind Energy Development in 

Oregon”.113  The objective of this exhaustive review was to provide a document to “assist 

stakeholders to understand and respond to health-related questions at new wind energy 

developments […].”  Towards this end, the panel reviewed the effects of wind energy facilities 

on sound, visual impacts, and air pollution, among other things.   

 

Oregon’s key findings on the impacts of wind turbine noise on human health are similar to those 

described in the Shetland report.  This assessment found that wind turbines produce noise that 

may be unwanted and annoying, which may lead to stress.  Wind turbine noise may be more 

annoying relative to other noise sources due to its rhythmic nature.  However other effects also 

influence annoyance such as subjective experience, distance to wind turbines, and whether an 

individual benefits financially from the turbine.  Oregon’s assessment also found that wind 

turbines produce ILFN at levels below human hearing, but that at some locations it approaches 

levels that may be perceived by humans.  It concluded that long term exposure to sound levels of 

a high enough level may impact peoples’ health, however uncertainty on the effects of turbines 

exists “due to moderate or limited evidence […].”   

 

When considering shadow flicker, Oregon concluded that it is unlikely to cause adverse health 

effects or trigger seizures in epileptics and that few individuals will be annoyed by it.  The 

Oregon assessment also found benign local effects in air pollution associated with the 

construction of turbines, with any emissions produced by construction having local and short-

term impacts.  Overall, the Oregon assessment concludes that adoption of wind energy reduces 

pollution-caused adverse health effects associated with fossil fuel power generation and will help 

alleviate future climate change.   

 

Massachusetts Departments of Environmental Protection and Public Health 

 

The Massachusetts Departments of Environmental Protection and Public Health commissioned 

an expert panel to do an independent review of potential health impacts of wind turbines in 

2012.114  The goal of the expert panel was to “identify any documented or potential health 

impacts or risks that may be associated with exposure to wind turbines […].”   Specifically, the 

panel was charged with reviewing existing data and literature to evaluate the effects of wind 

turbine noise, vibration, and shadow flicker on human health, among other things.  This review 

came to similar conclusions as the Shetland and Oregon reviews, and this Council’s survey of the 

literature.  It found that there is limited evidence that wind turbines can cause annoyance and 

113 Joshi et al. 2013 
114 Ellenbogen et al. 2012 

Exhibit A4-4

Page 36 of 97 
014486



sleep disruption and concludes that it is very difficult to decouple the effects of interpersonal 

views on wind turbines from perceived annoyance.  The Massachusetts panel also concluded that 

infrasound produced by wind turbines is below the audible threshold of humans, that the 

possibility that infrasound from wind turbines is able to stimulate the vestibular systems (outer 

hair cell pathway) has not been sufficiently scientifically explored, and that the limited 

epidemiological evidence does not suggest that wind turbines are responsible for chronic adverse 

health effects.  Finally, the panel concluded that shadow flicker does not elicit seizures, but may 

cause annoyance if individuals are exposed for a sufficient duration.  
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Appendix D 

 

Works Cited 

 

Author Title Journal Year Volume Edition Pages Type 

Ambrose SE, 

Rand RW, Krogh 
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Wind turbine acoustic investigation - infrasound and 

low-frequency noise - a case study 

Bulletin of Science, 

Technology & Society 

2012 32 2 128-141 Article, 

Opinion 

American 

Association for 

the Advancement 

of Science 

AAAS Policy Brief:  OMB Bulletin on Peer Review   2005       Report, 

Guidelines 

Arra I, Lynn H, 

Barker K, 
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Bolin K, Bluhm 

G, Eriksson G, 

Nilsson ME 

Infrasound and low frequency noise from wind 

turbines - exposure and health effects 

Environmental 

Research Letters 

2011 6 3 1-6 Article, 

Research 

Bronzaft AL The noise from wind turbines:  Potential adverse 

impacts on children's well-being 

Bulletin of Science, 

Technology & Society 

2011 31 4 291-295 Article, 

Opinion 

Chapman S, St. 

George A, Waller 

K, Cakic V 

Spatio-temporal differences in the history of health 

and noise complaints about Australian wind farms:  

Evidence for the psychogenic , “communicated 

disease” hypothesis 

PLos One 2013 8 10 1-11 Article, 
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Appendix E 

 

Minority Analysis prepared by Tyson Cook, Bill Rakocy, and Michael Vickerman 

 

Introduction 

The Wind Siting Council has an important and valuable role in providing advice and counsel 

around the development of wind siting regulations in the State of Wisconsin. We acknowledge 

that there are a large number of stakeholders affected by regulations and any regulatory 

developments, and consequentially there will be a broad array of opinions on various relevant 

issues. Appropriately, the Wind Siting Council is comprised of members representing a broad 

range of stakeholders and opinions. 

Despite differences of opinion between stakeholders and Wind Siting Council members, the 

Council has been able to work effectively together over many months in a collaborative manner, 

and to come to broad consensus on a number of topics. On other topics where consensus could 

not be reached, the Council has generally been successful in working to reach agreement 

between significant majorities of the members. As should be expected however, there are still 

some topics where opinions are strongly held by a minority of Council members. In order to 

allow these opinions to be clearly stated, the Council has agreed to permit the attachment of 

“Minority Reports” to the Wind Siting Council report (hereafter “Report”). This Minority Report 

addresses the disagreement among Council members regarding the scope of health impacts of 

wind energy systems to be considered. 

 

Charge of the Wind Siting Council 

 As noted in the Report, the Wind Siting Council acts under certain statutory obligations. In 

particular, Wis. Stat. 196.378(4g)(e) requires that: 

“The wind siting council shall survey the peer-reviewed scientific research 

regarding the health impacts of wind energy systems and study state and national 

regulatory developments regarding the siting of wind energy systems…” 

We find that the Council has done an excellent job, in keeping with these obligations, of 

reviewing the available peer-reviewed research regarding the potential for direct negative health 

impacts of large wind energy systems to residents living near those systems. We further believe 

that the assessment and overall conclusion of the Wind Siting Council based on that review is 

sound, namely the finding that: 

“Although there are several publications arguing that noise from wind turbines 

directly causes adverse health effects in humans, based upon the peer-reviewed 

literature, it appears at this time that there is insufficient data to validate this 

scientific conclusion.”   
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However, while there is some latitude for interpretation of the charge under Wis. Stat. 

196.378(4g)(e), there is no basis for limiting the Report to the examination of potential negative 

direct health impacts to residents living next to those systems as was decided by the Council 

during the open meeting of 4/7/2014. Indeed, we believe that the statutory language calling for a 

survey of peer-reviewed literature creates an obligation to include literature which also addresses 

positive health impacts on the vast majority of Wisconsin’s population that does not live next to 

wind turbines.  This obligation requires the Wind Siting Council to include any peer-reviewed 

studies regarding health benefits from reduced fossil fuel emissions that result from increased 

wind energy generation. 

The importance of considering these broader public health impacts in the Report is significant. 

The specific wind siting decisions that are made pursuant to state rules and regulations can have 

varying levels of health benefits at the regional scale. The nature of electrical system operation is 

such that generation is dispatched based in part on locational need. The specific location of wind 

energy systems thereby affects the types of generation displaced and therefore the corresponding 

levels of health benefits. Additionally, the siting of wind energy systems in locations that reduce 

transmission congestion can also magnify health benefits by reducing electrical losses in 

transmission lines. The rules and regulations that govern the siting of wind energy systems also 

impact the amount of health benefits that may accrue on the statewide level, by affecting the 

ability for those systems to be installed in the state.  

 

Public Health Impacts of Wind Energy Systems 

In neglecting to include the full range of research on “health impacts of wind energy systems,” 

the Report does not represent a complete survey of the relevant peer-reviewed scientific 

literature the Wind Siting Council is charged with. Instead, the report as drafted could best be 

described as an examination of writings regarding reported health complaints of individuals 

living near wind farms. As such, it does not provide the level of understanding on the issue at 

hand that would be necessary to make informed decisions. Indeed, by excluding recent peer-

reviewed research on broader public health impacts - which may be qualitatively at odds with 

some of the other potential impacts examined - the report exhibits a level of observational bias 

that may lead to inaccurate conclusions in the minds of readers and fails to fulfill the Wind Siting 

Council’s statutory requirements in Wis. Stat. 196.378(4g)(e). 

In addition to the growing body of scientific evidence refuting a direct linkage between wind 

turbines and negative, localized health impacts through mechanisms such as infrasound and low 

frequency noise, there is a large and long-standing consensus around other issues relevant to the 

health impacts of wind energy systems to the public. Most significant of these are the avoided 

emissions that would result as wind energy systems displace the combustion of fossil fuels to 

generate electricity. Through the avoidance of these fossil fuel emissions, wind energy systems 

directly increase our air quality and benefit public health and welfare. 

These public health impacts were recently examined by Greene and Morrissey (2013), who 

studied the accrual of health benefits associated with wind energy production the producing state. 
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The research focused on sulfur dioxide (SO2) and nitrous oxide (NOx) emissions, since the 

effects of those pollutants are more localized geographically and temporally. The authors found 

that the displacement of electricity production from fossil fuel sources resulted in significant 

local health benefits, consistent with other research.115 In particular, their research estimated that 

emissions avoided due to wind energy systems in Oklahoma resulted in over 1,000 fewer 

premature deaths for 2011, along with an additional reduction of over 1,000 non-fatal heart 

attacks, 2,000 hospital visits, 500 cases of chronic bronchitis, and 90,000 work and school 

absences due to illness. The authors note that the reductions in SO2 and NOX emissions, which 

were also seen by Madaeni and Sioshansi (2012) in Texas, “clearly illustrate the health benefits 

brought on by the increased use of wind energy in Oklahoma,” and that on an economic basis 

“these values represent a savings of tens of millions of dollars annually.” 

In a systematic assessment of renewable energy across the United States, Siler-Evans et al. 

(2013) also examined the health benefits resulting from emission reductions as a result of wind 

energy, specifically displaced carbon dioxide (CO2), SO2, NOx, and fine particulate matter 

(PM2.5).  The assessment estimated the potential avoidance of emissions and the related health 

and environmental impacts from a hypothetical wind energy system sited at any one of 33,000 

locations across the United States. The avoided impacts were based on analysis of the “marginal 

electricity production” at each of those locations, which is the electricity generation that would 

be displaced by the installation of the wind energy system in that particular site. In conducting 

the assessment, the authors used economic values of health and environmental damages for each 

hour from 2009 through 2011, quantified using dollar-per-ton damages from over 1,400 fossil-

fueled power plants.   

The results showed that the displacement of pollutants resulted in varying amounts of avoided 

cost, depending on location and generation mix.  More coal-reliant states were shown to have 

higher health and environmental benefits associated with wind energy systems than states which 

utilize more natural gas or renewable energy. For instance it was noted that, “a wind turbine in 

West Virginia avoids $230 in health and environmental damages per kilowatt per year 

($81/MWh) - seven times more than a wind turbine in Oklahoma and 33 times more than a wind 

turbine in California.” It should be noted that the $81/MWh estimated on the high end by Siler-

Evans et al. is within or below the range estimated by others for external health costs from 

emissions of coal-fired power plants. For example, Smith et al. (2013) estimate those costs to be 

between $32/MWh and $289/MWh, while Machol and Rizk (2012) estimate $140-450/MWh. 

Both of those studies also reinforce the importance of location and generation mix to the total 

value of emissions avoided, with coal-reliant states such as Wisconsin seeing the greatest benefit. 

Research done by McCubbin and Sovacool (2013) directly compared two wind farms, Altamont 

(580MW) and Sawtooth (22MW), to electricity production through natural gas. Since natural gas 

production is the fossil fuel with fewest health impacts related to pollutant emissions, this 

provides a very conservative estimate for the positive public health impacts associated with wind 

energy systems. Like Siler-Evans et al. (2013), McCubbin and Sovacool (2013) use models to 

115 See, e.g. Liu et al. (2012) who found “a significant elevation of hospitalization for respiratory diseases among 

individuals… who lived near a fuel-fired power plant.”   

Exhibit A4-4

Page 46 of 97 
014496



evaluate the economic costs of health and environmental impacts such as increased morbidity 

and mortality from air pollution and incidence of noise and reduced amenity, aesthetics and 

visibility, which are seen from the respective generation sources. The study featured a particular 

focus on PM2.5, due to the health issues it creates.  The authors used the Co-Benefits Risk 

Assessment Tool (COBRA) to model how emissions affect ambient PM2.5 levels. They take the 

avoided emissions and convert them into economic values based on estimated social costs and 

valuation of public health endpoints, such as hospital admissions and work loss days. The results 

were that between 2012 – 2031, the Altamont site would result in an estimated $560 million to 

$4.38 billion in public health and environmental benefits, and the Sawtooth site would result in 

estimated benefits of $18 million to $104 million. These numbers were again consistent with the 

estimates of other researchers regarding the value of avoided emissions, such as Smith et al. 

(2013) and Machol and Rizk (2012). However, a state with a larger portion of coal-powered 

electricity generation like Wisconsin could be expected to have larger public health benefits than 

the California electrical generation system considered by McCubbin and Sovacool (2013), which 

is comprised of less than 1% coal generation. 

Based on the $0.20/kWh value from Machol and Rizk (2012), a 580MW project like that 

considered by McCubbin and Sovacool (2013) could result in approximately $300 million in 

benefits annually, or $5.4 billion over a similar time period (2012-2031) in the state of 

Wisconsin. 

International research has also examined the link between wind energy systems and public health 

impacts. For instance, both Partridge and Gamkhar (2011) and Ma et al. (2013) examine the 

emissions avoided in China by the addition of wind power production. Partridge and Gamkhar 

(2011) use the measurements from 117 wind projects, as compared to emissions data from a 

single 1200MW supercritical coal-power plant (similar to the Elm Road Generating Station in 

Wisconsin). Focusing only on PM2.5, their results show emissions reductions resulting in 

avoided premature deaths, avoided new cases of chronic bronchitis, and avoided hospital stays 

resulting from the projects. These results agree with the findings of Liu et al. (2012) who saw 

increases of 11%, 15%, and 17% respectively in hospitalization due to asthma, acute respiratory 

infections, and chronic obstructive pulmonary disease in individuals living near fossil-fired 

power plants in New York compared with those who did not. Similarly, Ma et al. (2013) studied 

the emissions offset by two 49.5MW wind power projects in relation to a regional data from 

2001 to 2010, and found that emissions mitigation from the wind power production resulted in 

cost savings due to lower health care costs through improved air quality and reduced damage to 

public health, of over $1.38 billion (USD). 

It should be noted that peer-reviewed scientific research summarized in this report represents 

only that which explicitly and directly links wind energy systems to human health outcomes. 

There is a much larger body of work that could be drawn upon to independently show both (1) 

the potential for pollution reductions as a result of wind energy systems, and (2) the potential 

benefits to human health from such reductions. Despite their relevance to the topic, those articles 

were not included here for the sake of brevity, due to the sheer volume of such research and 

because they can be safely anticipated to yield qualitatively similar findings. 
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The public health benefits of non-polluting renewable energy systems such as wind turbines have 

been one of many reasons for their installation across the nation. Indeed, even health benefits 

going beyond the more traditional pollutants (e.g. the fine particulate matter, sulfur dioxide, and 

nitrogen oxides that were the major focus of the research discussed in this Minority Report) have 

been well established. A recent demonstration of this is the proposed rules by the U.S. 

Environmental Protection Agency (EPA) to limit carbon pollution under section 111(d) of the 

under the federal Clean Air Act. The establishment of these rules was necessitated by a series of 

rulings by the U.S. Supreme Court, which upheld the finding that greenhouse gases endanger 

public health and placed a legal obligation on the EPA to limit such gases. In their proposed rules 

to limit those greenhouse gases, and thereby reduce the endangerment to public health and 

welfare, the EPA specifically included the use of renewable energy systems such as wind energy 

as a potential compliance mechanism. 

 

Conclusion 

A survey of peer-reviewed research regarding public health impacts related to wind energy 

systems uniformly indicates health benefits resulting from the operation of those systems. This is 

in stark contrast to the lack of evidence in the peer-reviewed scientific literature to substantiate 

the direct adverse health effects that the Council focused on in the Report. As opposed to the 

potential for negative effects examined by the Council, the public health benefits of reduced air 

pollution that result from the operation of wind energy systems are well known and widely 

understood. 

The Wind Siting Council has an important advisory role with regard to the development of wind 

siting regulations in the State of Wisconsin. While the Report developed by the Council is a step 

toward fulfilling its statutory obligations, it does not fully meet that charge. The inclusion of 

peer-reviewed scientific research on the topics noted here clearly falls within the framework for 

the Report established under Wis. Stat. 196.378(4g)(e). Aside from statutory obligations, it is 

also critical that the Wind Siting Council consider these topics because the potential for health 

benefits from wind energy systems are directly impacted by, and are therefore directly relevant 

to discussions of, wind siting rules and regulations in the state. 

The research discussed here demonstrates a consensus among the scientific community that there 

are public health benefits resulting from wind energy systems. The work and findings described 

by the majority Wind Siting Council report make clear that this consensus is not counter-

balanced by similar scientific evidence of potentially negative direct health impacts. The sum of 

these two facts makes clear the following: from the perspective of scientific peer-reviewed 

research, wind energy systems substantially benefit human health and welfare. 
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Executive Summary 

In 2009, Wisconsin Act 40 directed the Public Service Commission of Wisconsin (Commission 

or PSC) to appoint a Wind Siting Council (Council or WSC) to provide advice to the PSC during 

the rule- making process for the siting of wind turbines.  Act 40 also requires that Council to 

submit a report to the Legislature every 5 years to provide updated information about health 

research and regulatory developments, as well as to provide recommendations for legislation if 

needed. 

Act 40 specifies the makeup of the membership of the Wind Siting Council and it created a bias 

in the form of a majority made up of several pro-wind energy interests and pro-wind 

environmentalists versus a minority of others who would focus on safety and health.  Because of 

that built-in pro-wind bias, the Council’s minority created this Minority Report to reveal the 

information that the Council majority omitted from the Wind Siting Council report to the 

Legislature. 

The pro-wind bias, as found on the Wind Siting Council, is found on the PSC staff as well.  One 

reason for the PSC's bias is that it seems they deem that the statute for Renewable Portfolio 

Standards requires them to "go easy" on safety and health restrictions for wind energy projects. 

This bias has created wind siting rules in Wisconsin that are not as protective as they should be.  

Wisconsin’s wind siting law and rules (PSC 128) require local units of government to process 

applications for all but the largest wind projects.  These wind projects are extremely complicated 

and are often unique to the local land features.  But local governments are not allowed to 

consider safety and health protections that are more restrictive than PSC 128.  So, they cannot 

require protections to suit the local circumstances, to adopt the recommendations of their medical 

or technical experts or engineers, to accommodate the latest science, or to require the latest 

protective technologies.  Wisconsin law and PSC 128 require local government units to approve 

these wind projects with noise restrictions and setbacks that the Council’s current regulatory 

review would consider to be some of the least protective in the country. 

This Minority Report highlights areas in PSC 128 that differ from health standards and best 

practices found in the documents reviewed by the Council for the Majority Report, differences 

that were downplayed by the pro-wind Council majority.  These health standards and best 

practices are designed to protect non-participating homeowners’ health and property rights.  

These best practices strike a balance between protecting residents and creating a regulatory 

environment that the wind industry can use to get approvals that work for both the industry and 

the communities where they are built. 

Because Wisconsin’s wind siting law is so dysfunctional, wind turbine development plans are 

met with great opposition by the communities where they are proposed.  The communities that 

object are aware of the health concerns that are described in the Minority Report.  Wind turbine 

noise is linked to chronic sleep disturbance, which is linked to more serious physical maladies.  

Wisconsin law does not allow setbacks that adequately prevent harmful noise impacts to 

homeowners.  Officials are not permitted to set wind turbine setbacks any farther than an 

arbitrary 1250-foot or 3.1 times the total height, whichever is less, from a neighbor’s occupied 

structure. 

Exhibit A4-4

Page 51 of 97 
014501



The Council’s regulatory review also found that, because Wisconsin’s setback is from a wind 

turbine to a neighbor’s occupied structure, some of that neighbor’s land is now inside the “safety 

setback” distance from the wind turbine.  This "safety setback" can overlap as much as 800 feet 

of that neighbor's property.  This is a “taking” of the owner’s property right to use their land for 

intended purposes because it is no longer possible to build with local building setbacks near their 

property line and stay outside of the "safety setback" due to a turbine being located nearby.  In 

other states there is a trend to create setbacks a safe distance from the neighbor’s property line 

instead of the neighbor’s structure. 

A significant study done by a member of the Council showed that the towns in which wind 

projects have been built in Wisconsin have population densities generally much higher than 

towns or townships in neighboring states where similar projects have been built.  Couple this 

with the fact that the wind resource in Wisconsin is much less than in these neighboring states, 

and it is like forcing a square peg into a round hole, whereby there is likely to be some severe 

damage.  Wisconsin's existing wind projects have been permitted in our more populated areas, 

and thus, are more often too close to residences with more resultant negative health impacts than 

in other states.  

This Council minority concludes that Wisconsin’s wind siting law needs revision for noise 

protection and property rights protection. Also, a restructuring of the Wind Siting Council 

makeup is needed to eliminate bias, as is a restructuring of what information the Council is 

allowed to review in order to advise the Legislature about wind energy systems.  Rewriting the 

wind siting laws to offer better protections for non-participating residents and correcting the bias 

of the Wind Sting Council will restore the public trust in the wind-siting laws of Wisconsin, 

creating a win-win situation for both the wind industry and non-participating residents. 

To proceed wisely, the minority, the majority and numerous technical and public policy experts 

agree that more acoustic and epidemiological studies are needed.  Wisconsin wind projects are 

ripe for such studies before more damage is done, but government funding is needed. 

Also, Wisconsin needs a process to compensate those citizens who had to abandon their homes 

to get relief from negative health effects, who have not moved and suffer negative health effects, 

or who have taken a financial loss due to a neighboring wind project.   

Please read the full Minority Report for the complete details and conclusions. 

 

1.0   Purpose: 

 

The purpose of this report by the Council minority is to challenge the reader to take a second 

look at all of the available data on the subject of wind turbine health impacts and evaluate this 

data in a more critical light. To ensure that the economic interests of wind turbine project 

developers were protected in the recommendations made to the Legislature, the Council majority 

opinion sided with pro-wind factions to minimize any impediments to the construction of wind 

turbine projects. 

 

The Council minority consists of six (almost half) of the fourteen participants in the Wind Siting 

Council, including both Public Members, the Towns member, both Realtor Members, and one 

Landowner Member.      
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Ultimately, the Council majority found secondary in their report the importance of the proper 

siting of wind turbines and the direct impact these turbines have on the health and welfare of 

citizens.  The Council minority opinion takes a more cautious and concerned approach to wind 

development, placing a priority on the siting rules of wind turbines and the health and welfare of 

people over the interests of wind energy developers and system operators.  This Minority Report 

will reveal the shortcomings of Wisconsin’s current statewide wind siting law under which the 

rules (PSC 128) were promulgated and recommend areas where the law and, thus, PSC 128 

should be improved.  

 

 

2.0   Applicable Statutes and Limitations:  

 

2009 Wisconsin Act 40 directed the Public Service Commission of Wisconsin (Commission or 

PSC) under Wis. Stat. §15.797 to appoint a Wind Siting Council (Council or WSC) to provide 

advice and counsel to the Commission during the rule-making process for the siting of wind 

turbines. In addition, the Council under Wis. Stat. §196.378(4g)(e) shall report to the Legislature 

every five years after surveying health research and regulatory developments and shall make 

recommendations for legislation, if any. 

 

Wis. Stat. §15.797(1)(b) contains statutory guidelines that favors a Council heavily weighted 

towards wind development.  Recognizing that, in the Council’s current composition, a bias exists 

in favor of wind energy interests and that members in the majority of the Council have made 

great efforts to disqualify and discredit documents linking wind turbines to negative health 

effects, there exists a justifiable rationale for the necessity of this Minority Report to supplement 

the Council majority’s findings.  

 

Further limiting the WSC’s scope on reviewing the health impacts of wind turbine development 

is the fact that the Council majority interpreted Wis. Stat. § 196.378(4g)(e) as directing the 

Council to survey only peer-reviewed scientific research regarding the health impacts of wind 

energy systems and to review only U.S. state and national regulatory developments regarding the 

siting of wind energy systems.  Consequently, the Council has considered only a microcosm of 

relevant studies and policies that by themselves do not reveal all of the factors vital to protecting 

human health and safety. 

 

Although Wis. Stat. § 196.378(4g)(e) does list the type of documents that the Council must 

consider, we, the Council minority, do not consider that list to be exclusive of other relevant 

data. We find that the inclusion of other credible research, empirical evidence, and affidavits is in 

the best interest of the public. Inclusion of such documents will provide the Legislature and the 

PSC with a more complete and better representation of the effects that wind turbines have on 

human health.   

 

It is the responsibility of the Legislature to address the experiential realities of citizens affected 

by wind turbines and it is the Council’s responsibility to provide the Legislature with pertinent 

information that addresses all health concerns that may affect the quality of life as it relates to 

siting a wind turbine near residences.   
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3.0   Minority Review of Majority Health Summary 

 

In its summary of Key Findings from Wind-health Literature, the Council recognized several 

trends in its review of the selected literature since the Council’s 2010 recommendations.  Of 

primary concern on the matters of health are cross-sectional surveys that show evidence of 

individuals living in the proximity of wind turbines experiencing elevated levels of annoyance 

and sleep disturbance due to wind turbine noise while the turbines are in operation.  Two studies 

showing cause for alarm are Janssen et al. (2011) and Bakker et al. (2012) that found a 

staggering 40 percent and 66 percent (respectively) of individuals studied reported to be both 

annoyed or highly annoyed by wind turbines producing outdoor sound levels over 45 dB(A). 

 

It should be noted that stress from annoyance and sleep disturbance may be related to chronic 

health conditions and that individual perception may increase or decrease the severity of reported 

conditions.    The long-term effects of chronic sleep restrictions and deprivation have been 

thoroughly studied and have been identified by the American Academy of Sleep Medicine to 

include symptoms of depression, anxiety, fatigue, high blood pressure, obesity, heart attack and 

diabetes.  Coupled with these medical and mood conditions are performance reductions 

including attention deficits, longer reaction times, increased errors and distractibility.  Severe 

drowsiness can be a safety hazard, causing traffic crashes and workplace injuries, among other 

incidents.  

 

In their conclusion of key findings, the Council found that some individuals residing in close 

proximity to wind turbines perceive audible noise and find it annoying, that these individuals 

report that this noise negatively affects their sleep, and that these events may result in other 

negative health effects.  The Council minority concurs in this conclusion, illustrating the 

importance of effective siting laws to protect residents from the negative health effects of wind 

turbines. 

 

3.1   Minority Reaction to Council Review and Significance of Annoyance 
 

The term “annoyance” is used widely in the literature reviewed by the Council, and thus, is also 

used in the Council’s report. The definition of annoyance selected by the Council majority is that 

referenced in a World Health Organization’s (WHO) publication regarding occupation noise (not 

a peer-reviewed document reviewed by the Council), namely, “a feeling of resentment, 

displeasure, discomfort, dissatisfaction or offence which occurs when noise interferes with 

someone’s thoughts, feelings or daily activities.”   

 

The Council minority does not believe this definition accurately represents the physiological 

response recognized by numerous studies showing an effect on human health.  A paper published 

by the World Health Organization in 2011 states that WHO's definition of health implies that 

noise-induced annoyance may be considered an adverse effect on health. (Miedema, H. et al, 

Burden of disease from environmental noise, WHO, 2011).  
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As explained by Suter, A., (1991) "Annoyance" has been the term used to describe the 

community's collective feelings about noise ever since the early noise surveys in the 1950s and 

1960s, although some have suggested that this term tends to minimize the impact.  While 

"aversion" or "distress" might be more appropriate descriptors, their use would make 

comparisons to previous research difficult.  Suter continues to expound on this thought, noting:  

 

It should be clear, however, that “annoyance” can connote more than a slight irritation; 

it can mean a significant degradation in the quality of life.  This represents a degradation 

of health in accordance with the WHO's definition of health, meaning total physical and 

mental well-being, as well as the absence of disease.  (Suter, A., Noise and Its Effects, 

Administrative Conference of the United States, Editor. 1991).   

 

Other reputable studies reviewed by the Council, including Ellenbogen et al. (2012) and 

Shepherd et al. (2010), define “annoyance” as “a mental state characterized by distress and 

aversion, which if maintained, can lead to a deterioration of health and well-being”, while 

Taylor, S. (2013) defines “annoyance” as connoted in contemporary medicine as being, “used as 

a precise technical term describing a mental state characterized by distress and aversion, which if 

maintained, can lead to deterioration in health and well-being”. 

 

Again, erring on the side of caution, the Council minority in its review of definitions of 

“annoyance”, finds that the use of this term should be elevated to recognize its status as a 

technical term identifying events relating to the physiological definition of a medical condition 

with the potential to cause long-term chronic conditions. 

 

 

3.2   Minority Reaction to Council Review on the Survey of Peer-reviewed Literature 

 

The Council completed its initial survey of peer-reviewed wind-health literature and made 

recommendations to the Commission regarding wind siting rules in 2010.  At that time the 

majority of the members recommended siting measures, including 50/45 dB(A) day/night noise 

limits, 1.1 times the maximum blade tip height setback and less than 40 hours of shadow flicker 

per year for non-participating residences.  These recommendations were modified by the PSC 

and codified in PSC 128, Wind Siting Rules. A minority of the 2010 Council members strongly 

disagreed with these conclusions however, and their concerns were presented in Appendix E of 

the 2010 Final Recommendations To the Public Service Commission: Wind Siting Rulemaking 

Pursuant to 2009 Wisconsin Act 40. (see 

http://psc.wi.gov/apps35/ERF_view/viewdoc.aspx?docid=136311 ) The current Council minority 

affirms that position, and further asserts that these siting measures are recurrently inconsistent 

and outdated with developing research, noting that wind turbines generate sound that has 

components not even measured by the usual sound level meters when using a scale for normal 

audible sound, i.e. the dB(A) scale.   

 

In their review of over 400 wind turbines installed throughout Wisconsin, the Council noted that 

some members of the public who reside near wind turbines have continued to complain about 

adverse human health impacts attributed to wind turbines.  Unfortunately, the Council came to 

the incorrect and unsubstantiated conclusion that the level of public concern and amount of 
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scientific or technical research associated with potential negative health impacts have diminished 

due to lack of interest or formal complaints.  After complaining for a number of years and getting 

inadequate or no resolutions of the problems, residents have abandoned their homes or suffer in 

frustrated silence.  The majority members of the Council did not allow reference to the complaint 

affidavits and local government resolutions in the Majority Report as requested by the minority 

members. Additionally, although PSC 128 requires wind project owners to maintain complaint 

logs and to submit them to the PSC upon request, the PSC has never requested such complaint 

logs and has not done so for this health review, although requested to do so by the Council 

Chairman, a minority member.  Therefore, while PSC 128 directs all complainants to direct their 

complaints to the project owner, all such complaints have not been reviewed by the Council.  

 

If proper weight were given to the empirical and anecdotal evidence of adverse effects of wind 

turbines on human health, we believe that the volume of reports of potential negative health 

impacts have not in fact diminished, but instead have increased, with any appearance to the 

contrary being the result of previous reports having either been disregarded or being submitted to 

the PSC and not acted upon.  

 

When individuals report harmful effects or violations of the existing standards, no measure of 

accountability exists in Wisconsin law to ensure wind turbine operators are pursuing corrective 

action processes, thus resulting in an underreporting of noise violations.  In order to better 

represent the true conditions under which adverse health reactions may in fact occur, a more 

efficient and comprehensive monitoring system of these noise levels, and a more responsive 

corrective action system, must be established to protect residents from noise violations.    

 

In the study Pedersen (2011), the Council highlighted that although annoyance, sleep 

disturbance, and stress were linked to environmental noise, these effects are only attributable to 

wind turbines when they are generating sound levels over 40 dB(A).  Yet, Wisconsin’s wind 

siting rules allow daytime noise to be up to 50 dB(A) and nighttime noise to be up to 45 dB(A).  

Both are above the levels that were attributed to marked reactions in survey participants.  As a 

point of reference, every step increase of 10 dB(A) results in a doubling of sound impact, i.e., 40 

dB((A) is perceived as twice as loud as 30 dB(A) while 50 dB(A) is perceived as 4 times as loud 

as 30 dB(A).  

 

Bakker et al. (2012), a separate analysis on a subset of the data from Pedersen (2011), found 23 

percent of respondents reported annoyance from wind turbine noise to some degree while 

outdoors and 14 percent reported annoyance from turbines while indoors.  This annoyance was 

directly related to noise level, with approximately 4 percent of annoyed respondents reporting 

annoyance where sound levels were less than 30 dB(A) and approximately 66 percent when they 

were above 45 dB(A), a trend that is also supported by experimental evidence in Ruotolo et al. 

(2012). 

   

Sleep disturbance was reported by approximately 33 percent of respondents and it increased with 

greater environmental noise levels.  The authors found that respondents were more annoyed by 

wind turbine noise than by road or rail noise when above 40 dB(A) and aircraft noise when 

above 45 dB(A).  This occurs because of the unique characteristics of wind turbine-generated 

noise, which is long in duration (often 24/7) and has an amplitude modulated, or impulsive 
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cadence.   This constantly changing sound increases attention and cognitive appraisal and 

reappraisal, inhibiting acclimatization to the sound. 

Janssen et. al. (2011), also concluded that annoyance from environmental noise increases rapidly 

as sound levels exceed 35 dB(A)  outdoors and 40 dB(A) indoors.  The study's authors found this 

to be especially true for wind turbine noise, with a large number of individuals reporting to be 

both annoyed or highly annoyed by wind turbines producing noise outdoors (approximately 40 

percent of respondents) or indoors (approximately 18 percent of respondents) when sound levels 

are above 45 dB(A). 

Furthermore, in Shepherd et al. (2011), the authors found that individuals residing in close 

proximity to turbines reported reductions in sleep quality, energy and overall quality of life.  

Nissenbaum et al. (2012) also showed similar results.  Krogh et al. (2011) found that 94 percent 

of respondents self-reported altered health or quality of life specifically, and that 72 percent of 

participants reported experiencing stress, depression and sleep disturbance directly due to wind 

turbines.   

Finally, the Council majority report omitted highly relevant facts from several studies that it 

relied heavily upon for its conclusions, including studies by Taylor, Crichton, Chapman, 

Katsaprakakis, and Mroczek, some of which also had serious design flaws. For specific examples 

of such reports, see Footnote 1 at the end of this report.  Regrettably, and to the detriment of the 

reliability of the Majority Report, the Council majority voted to prematurely adopt the Wind-

Health Report draft “as-is” prior to any adequate discussion of it in Council meetings. This 

barred correcting the deficiencies noted above. 

It is important to note that it is incredibly difficult to design a control group in which there is no 

simulated placebo.  The Council found that the limitations of available research confined the 

Council to only seven, unbiased, cross-sectional studies, of which three use the same data set.  

Again, the Council minority supports and recommends that more studies be commissioned in 

order to preserve and expand the diversity of data, but recommends, based on the evidence 

provided from available survey data, a highly cautionary approach to wind siting regulations. 

 

 

3.3   Minority Reaction to Council Review on the Survey of Regulatory Developments 

 

Besides the interpretation of the Council's majority that state and national regulatory 

developments shall not include those of foreign states or nations and shall not include results of 

studies commissioned by state or national government entities, even if in the U.S., the Council's 

majority also did not allow the Majority Report to include reports on the actions of various 

Wisconsin county boards, county boards of health, town boards and the Wisconsin Towns 

Association.  These entities have passed resolutions or, otherwise, requested the PSC or the state 

to conduct additional studies to evaluate the health impact of wind turbines on the public.  The 

PSC has not responded to these local government entities. 

 

Similarly, the Majority Report does not include reference to the numerous complaints, affidavits, 

and testimonies of Wisconsin citizens regarding their health issues since wind turbines were put 

in operation near their homes.  If the PSC would follow-up on these complaints in the field, as 

well as review complaint logs of wind project operators as mentioned above, a meaningful 
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appreciation of the actual negative impacts upon people and an evaluation of the responses of 

wind project operators would significantly add to the PSC's body of knowledge and perhaps help 

mitigate the complaints.     

 

The Council reviewed a summary of state regulations for wind turbine siting. Compiling such 

data is challenging since such regulations are often in a state of flux, state regulations often do 

not preempt local governments from having their own siting restrictions to suit local situations, 

and certain wind turbine siting regulations may be preempted by other state regulations regarding 

safety. 

 

 

3.4   Majority Survey Conclusions and Minority Response 

 

In their final review, the Council unanimously agreed that wind turbines have a physiological 

effect on some populations when in operation.  The Majority Report stated: 

 

What is not under dispute between these two groups is that wind turbines produce 

environmental noise, that some individuals find that noise annoying, and that 

environmental noise may cause sleep disruption if the sound levels are high enough.  

There is, as a result, a consensus that proper wind turbine siting is imperative when 

designing wind generating systems to reduce the impacts of noise on people. 

 

The Council suggests two pathways by which adverse health impacts may arise, including the 

stress/annoyance indirect pathway as well as the direct pathway of physiological perceptions and 

adverse reactions to inaudible infrasound and low-frequency noise (ILFN).  Inaudible infrasound 

is generally considered to be sound below 20 hertz (Hz) while low frequency sound is generally 

considered to be sound in the range of 20 to 200 Hz.  Note that infrasound and low-frequency 

noise (ILFN), when compared to audible noise, travels much farther, reflects more readily off the 

atmosphere and terrain, travels easier through walls, and resonates inside of buildings. It is 

important to observe that the current regulatory guidelines in Wisconsin do not regulate, monitor, 

or allow limits to infrasound and low frequency noise (ILFN).  

 

Scientific measurements of infrasound and low frequency noise (ILFN) emissions by wind 

turbines have been thoroughly documented in studies such as the Shirley Wind Study (2012) 

commissioned by the PSC.  Unfortunately, and to the detriment of studies regarding the adverse 

effects of wind turbines on human health, these acoustic measurements are not included in the 

WSC report simply because the measurements are only data sets and not considered peer-

reviewed research.  This acoustic testing in the Shirley Wind project was done by acoustic 

experts and could be considered more relevant than some peer-reviewed research. Significantly, 

the joint conclusion of the report states: “The four investigating firms are of the opinion that 

enough evidence and hypotheses have been given herein to classify LFN and infrasound as a 

serious issue, possibly affecting the future of the industry.” 

Although studies have shown infrasound and low frequency noise (ILFN) are harmful and have 

adverse health effects, a majority of those studies are not eligible for inclusion in this report due 

to the Council majority’s interpretation of Wisconsin’s statutory limits on scientific research to 

only include peer-reviewed data.  Again, the Council minority disagrees with the Council 
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majority's conclusion that there are no significant ill or adverse health effects, while such effects 

are indicated in both the literature reviewed by the Council and in a greater body of information 

excluded from review by the Council majority. 

 

From the collections of data sets that are available, we can see infrasound and low frequency 

noise (ILFN) emissions from wind turbines have been identified, and that these emissions have 

the potential to cause physical harm in persons who are exposed to said sounds.  Collaborative 

efforts from across many fields of science have discovered causal evidence of symptoms relating 

to wind turbine developments, thus requiring further analysis and study.  Such studies must be 

carefully designed due to the challenges of structuring an experiment that involves an operating 

wind energy system in conjunction with human subjects. Wisconsin is an ideal place to conduct 

such studies due to the level of complaints and its relatively denser populations near wind 

turbines than in other states.   

 

In their final conclusion, the Council minority and many subject experts disagree with the 

Council majority and believe there is sufficient data to infer that wind turbines have a direct and 

negative effect on human health based on their survey of applicable literature. 

 

 

3.5   Minority Conclusion to the Health Section   
 

The overwhelming empirical evidence from the peer-reviewed literature surveyed by the Council 

shows that when certain people are near operating wind turbines they become ill, but when the 

turbines are stopped, their conditions subside. Regardless of the reasons why, the law regulating 

the siting of turbines must protect the human rights and well-being of those living nearby and 

provide protection for innocent populations who are harmed by wind turbines sited too close to 

their homes - even if the mechanism of the harm is not yet fully understood.  

 

The point is, there is enough causal evidence for alarm.  We wholeheartedly agree with the 

Council majority opinion that more studies need to be commissioned to better understand the 

science surrounding these negative effects on human health.  Also, the WSC's methodology for 

evaluating the litany of surveys and data sets every five years for the Legislature needs to be 

retooled to include previously excluded research and documented observations of human health 

impacts.   

 

We must rethink setting maximum limits on regulation of wind turbines when the science has not 

been fully settled.  The Hippocratic Oath, a physician’s rite of passage states, “I will prescribe 

regimens for the good of my patients according to my ability and my judgment and never do 

harm to anyone”.  In the case of wind turbine siting, we must take a precautionary stance to 

preserve the health and well-being of all those who might otherwise suffer undue harm and not 

put limits or maximums on wind turbine regulations that have not been proven to be adequate. 

 

In conclusion, existing evidence of physical harm caused by infrasound and low frequency noise 

(ILFN), coupled with the evidence that all wind energy systems emit infrasound and low 

frequency noise (ILFN) that is measurable at the homes of victims who report symptoms of low 

frequency noise, creates enough of a relationship that the Legislature and the PSC should act 
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immediately to mitigate, through curtailment and other mandates, the harmful effects that have 

already been reported in Wisconsin.  Most importantly, the Legislature and the PSC need to 

commission acoustic and epidemiological studies, conducted by independent experts, near 

Wisconsin wind turbine installations prior to construction of future systems to ensure that 

Wisconsin’s regulations are not responsible for more harm to the health and safety of people 

living near wind energy systems. The four independent acoustic experts who conducted the 

acoustic study in the Shirley Wind project recommended "additional study on an urgent priority 

basis".  

 

Also, the Legislature and the PSC should act to establish relief for those citizens who have been 

harmed by existing wind turbines in Wisconsin. 

 

 

4.0 Minority Reaction to the Wind Siting Policy Update 

 

Under s. 196.378(4g)(e) the Wind Siting Council is charged with reviewing developments in 

wind siting policy and providing a report with recommendations to the Legislature.  Erroneously, 

the Council majority interpreted this charge to mean only regulatory developments from within 

the United States, and excluded review of regulatory developments in any other country. 

 

Even within the narrow scope of this review, several key findings showed that Wisconsin’s 

regulatory framework is unusual and does not do enough to protect the health of people living 

near wind turbines or the property rights of non-participating property owners in Wisconsin. 

 

Wisconsin’s regulatory environment is unusual in that regardless of the specific protections that 

might be appropriate for a proposed wind energy system, Wisconsin’s wind siting rules create 

maximum limits that are more in line with most states’ minimum standards and prevent 

Wisconsin local officials from offering ANY restrictions that would be more protective.  In other 

words, Wisconsin’s standards are the maximum protections that officials can impose, which is 

the opposite of how most regulations are written.  Officials can never be more restrictive than 

these maximum protections for any reason under Wisconsin’s wind siting rules. 

 

 

4.1 Findings from the Regulatory Review 

 

The Council did not acknowledge many regulatory developments in their Majority Report, but 

did rely heavily upon the 2012 National Association of Regulatory Utility Commissioners 

(NARUC) report.  Several of the NARUC recommendations illustrate areas where Wisconsin’s 

wind turbine siting regulations are inadequate even under the less than cautionary approach of 

NARUC's consultant who wrote the report. 

 

Wind turbines in Wisconsin are allowed to subject people to audible sound levels that are twice 

as loud as the 2012 NARUC report recommends.  NARUC recommends that 40 dB(A) should be 

an ideal design goal while Wisconsin law does not allow any restrictions to limit the noise below 

50 dB(A) during the daytime.  Because the dB(A) scale is a logarithmic scale, a 50 dB(A) sound 

is perceived as twice as loud as sound that is 40 dB(A) in amplitude.  
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The NARUC report recommends that noise standards should be based on land use. The report 

argues that doing so would incorporate background noise when considering siting, as the noise 

levels that may elicit annoyance may be washed out to some degree by background noise and 

thus not be as noticeable. However, PSC 128 does not consider background or ambient noise 

levels as some states do by setting their noise limit at 5 or 10 dB(A) over ambient, even though 

rural areas in Wisconsin where wind turbines are sited typically have nighttime ambient noise 

levels near 30dB(A).  

 

The NARUC report also recommends that a clear monitoring, arbitration, and mitigation process 

be implemented to deal with resident complaints.  Wisconsin’s regulations are very lacking in 

this regard.   While scores of Wisconsin residential complaints have been reported and logged by 

the PSC, the follow-up has generally been by phone calls.  We are unaware of any official 

monitoring, in-field measurements, arbitration, or verified mitigation of any of the complaints.  

The NARUC report elaborates further that it is important for wind project developers and local 

officials who are approving the projects to have a transparent complaint review process that 

explicitly defines protocols for noise monitoring and mitigation.  Wisconsin’s wind siting laws 

forbid this, as any monitoring or mitigation requirements imposed by local jurisdictions would be 

stricter than the rigid framework that the current rules allow.  PSC 128 does not require any noise 

monitoring, and consequently, PSC staff has explained that when noise violation complaints are 

received there is usually nothing they can do because there is no concurrent monitoring data to 

verify the noise violation. Additionally, PSC 128’s complaint review process fails to make clear 

that unresolved complaints can be appealed to the PSC and how complainants are to make such 

an appeal. Finally, lacking any penalties for violations, PSC 128 provides no compliance 

incentive.   

 

Accompanying greater experience with ever-larger wind turbines, the Council minority has 

observed a regulatory trend to create greater setbacks and lower noise limits as well as basing 

these limits on property lines rather than residence locations, even while Wisconsin continues to 

maintain 1250 feet or 3.1 times the total height, whichever is less, as the maximum allowable 

setback from a non-participant’s home. States are beginning to learn the health impact lessons 

already learned in European countries and are slowly beginning to make necessary policy 

changes to protect public health.  

 

Because the setbacks in Wisconsin are set from turbine to occupied structure, some property 

owners find that their buildable land is now within the 1250-foot setback, and they are no longer 

able to use their own property the way they wish due to health and safety concerns.  This 

constitutes a “taking” of the non-participating landowners’ property, and there is no protection 

from this scenario in Wisconsin’s regulations.  Regulations should protect non-participating 

property owners from being forced to place structures too close to wind turbines on adjacent 

properties, as the state of Ohio did in 2014 by now measuring their setback from the property 

line instead of from the residence.  

 

Besides the setback from non-participating residences, PSC 128 limits the setback from 

participating residences and road right-of-ways of 1.1 times the turbine's total height to protect 

host or participating property owners from ice or turbine blade failure debris.  This setback is 
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inadequate.  A review of actual incident reports of ice and debris throw indicates that a setback 

of at least 1.5 times should be a minimum.  Engineering calculations have shown the possibility 

of broken turbine blades flying even much farther.  The Council minority recommends that this 

minimum setback be established at 1.5 times the total height, not a maximum of 1.1 times to 

provide a logical distance and to allow for larger setbacks when circumstances require such.   

 

Both Watson et al. (2012) and the NARUC report emphasize that a “one size fits all” setback 

standard is inappropriate.  Watson et. al. describes competing interests between wind developers 

and local populations as a reason to vary the setback distances.  The NARUC report recommends 

having setbacks that would meet necessary noise and shadow flicker restrictions, arguing that 

avoiding actual impacts on residents is of primary importance, rather than imposing what may be 

an arbitrary distance.  

 

The NARUC report recommends establishing clear triggers for decommissioning, in addition to 

requiring wind energy system owners to have an escrow account to cover decommissioning 

costs.  PSC 128 does not require an escrow account for decommissioning, but rather allows the 

wind developer to choose from a variety of less secure financial instruments or an escrow 

account.  

 

It is very significant that the review revealed that the population density, in general, is higher in 

Wisconsin towns where wind projects are located than in towns where wind projects are located 

in all of Wisconsin’s neighboring states.  This should support the assertion that greater 

protections be provided to the people who are living near these Wisconsin developments, as 

more people are being impacted due to the higher population density and the consequent practice 

of locating wind turbines closer to non-participating residences.  

 

 

4.2 Conclusion for the Policy Review section 

 

The Wind Siting Council’s majority members wrote in their conclusion to the Policy Review 

section nothing about the above discrepancies between Wisconsin’s wind siting laws and the 

NARUC recommendations, but instead wrote: “…Wisconsin should continue to provide a 

transparent regulatory and approval process for wind developers…” 

 

The Council minority concludes instead that Wisconsin’s wind siting laws fall far short of the 

best practices that are recommended in the United States and falls even farther short of the best 

practices that are being implemented in other countries that have broader experience with wind 

energy than we do. 

 

 

5.0   Minority Conclusion 

 

The Council minority concludes that Wisconsin’s wind siting laws are not written to meet 

current standards or best practices to protect public health and safety, but instead are biased to 

favor wind project developers.   
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This bias is cemented by the statutory structure of the Wind Siting Council, seating several 

members who are linked either to the wind energy industry or to environmentalist groups that 

favor the green energy movement, leaving only a few members on the Council who aren’t linked 

to those influences.  This construct leaves the Legislature to be poorly advised by a biased 

Council majority.   

 

This Council minority also asserts that PSC staff seems to also be biased toward the wind 

industry and PSC staff tended to downplay any dissenting reports that reflected poorly on 

Wisconsin’s current wind siting laws. One reason for this seems to be that the PSC staff feels 

that the Legislature has given them a mandate to support wind and other renewables because of 

the statutory requirements for the Renewable Portfolio Standard (RPS) for utilities that are 

within the PSC's jurisdiction.  The existence of the RPS creates a secondary status for health and 

safety.   

 

It is important, both to the industry and residents, that residents have confidence in the wind 

siting laws of Wisconsin and that the laws are effective in protecting the health and safety of 

people who live near existing wind turbines.  Effective laws help to reduce opposition to new 

projects. 

 

 

6.0 Recommendations for Legislation: 

 

Current Wisconsin law lacks an effective way for people who are suffering harm caused by 

existing wind turbines sited too close to their homes to seek effective mitigation or recourse.  

Wisconsin law needs to be changed to lay out a step-by-step complaint protocol with oversight 

by the PSC so wind turbine operators are held to the standards that are consistent with the 

standards and best practices highlighted in this Minority Report.  PSC oversight is necessary to 

ensure accountability so complainants can expect resolution when a problem arises related to a 

nearby wind turbine. 

 

It is important to change the current Wisconsin law that requires local officials to limit their 

protections for safety and health to the maximum allowed by PSC 128.  Perhaps PSC 128 could 

become a model ordinance.  Local officials should be able to meet their statutory obligation to 

protect the health and safety of the public and exceed limits of PSC 128 when such can be 

justified by qualified technical experts or licensed engineers.  As studies reveal new standards 

and best practices or technology improves, officials should be able to require such to match the 

local conditions, such as geology, groundwater sensitivities, and population densities, or 

accommodate any unique specifications of the wind project to protect their residents. 

 

Wisconsin law needs to change the local approval process for wind energy systems to allow local 

officials access to the PSC staff at no expense to the local unit of government.  It is important to 

give local officials access to the same knowledge and experience that the PSC commissioners 

have when a wind siting application is considered.  This assumes the legislature will clarify the 

PSC's role in protecting health and safety. 
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This Council minority strongly recommends acoustic and epidemiological studies be carried out, 

especially in Wisconsin where there are existing complaints of sleep disturbance, headaches, 

nausea, tinnitus, or much worse which appear to be related to existing wind energy systems.  

These studies should include measuring and analyzing the nature and effects of infrasound and 

low frequency noise (ILFN).  If the studies find that negative health impacts are occurring when 

the wind turbines are operating within Wisconsin’s current operation standards, a development 

moratorium should be enacted until the relationship between the wind turbine and the negative 

health impacts is fully understood.  Until then, safe wind turbine siting standards are impossible 

to set.  As the policy review highlighted, setbacks that avoid actual impacts on residents is of 

primary importance, rather than imposing what may be an arbitrary distance. 

 

The legislature should develop a process to establish relief for those citizens who are verified to 

have been harmed by existing wind turbines in Wisconsin. 

 

Wind turbine setbacks should also be set based on the distance of the turbine to a neighboring 

property line instead of the distance from the turbine to the structure of the neighbor’s home.  

Wind projects with their multi-story heights and unique sound projections should follow the 

long-standing convention of measuring setbacks from property lines as with any other kind of 

structure or land use. 

 

The statutory structure of the Wisconsin Wind Siting Council that creates the pro-wind bias 

within the Wind Siting Council must be changed through legislation.  Also at issue are the 

statutory limits as to which studies and regulatory developments the Wind Siting Council may 

review when creating their report to the Legislature.  Because of the bias and the limits in the 

document review to only include “peer-reviewed” studies, and regulatory review that is limited 

to only regulation changes from the United States, the Legislature gets a myopic view of the 

issues related to wind turbine siting. 

 

This Council minority hopes this report and recommendations will help legislators create new 

wind siting laws that will restore confidence in Wisconsin’s wind siting process. 

 

Footnote 1 for Page 8  

For example, the discussion of the favorable findings in the Katsaprakakis study left out the 

critical facts that the average distance from the 13 surveyed settlements to the small .5 MW 

turbines was over 4000' and the average noise level was only 32-36 dB(A). The majority report 

presents without qualification the obviously implausible findings of the Mroczek study - that 

respondents living nearest to wind turbines reported the highest quality of life while those living 

farthest away reported the opposite - but fails to mention the author's numerous qualifications 

regarding the probability that economic benefits were likely to be the largest factor affecting 

responses from participants, 48% of which were unemployed. The Taylor survey, which the 

majority report twice declares to be inapplicable to Wisconsin, considered 12 turbines averaging 

only 2 kw each (750 times smaller than a typical 1.5 MW Wisconsin turbine), yet included the 

article's findings in order to make the argument that reported adverse health effects are due 

primarily to negative attitudes toward wind turbines and not due to real health effects. The works 

by Crichton and Chapman, both advocates of the "it's all in your head hypothesis", are based on 
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seriously flawed designs. For example, Chapman, whose "study" is very widely criticized as 

"junk science" by many highly qualified experts, relied almost exclusively on complaint logs 

from wind project owners to reach his conclusions.
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Appendix G 

 

Summary of National Wind Siting Policies of all Fifty States and the District of Columbia 

 

This table was compiled by surveying relevant wind-energy policy sources1 and should not be considered an authoritative or 

exhaustive review of all national wind policies.  Below is a summary of states’ policies relevant to rules that are mandated under Wis. 

Admin. Code ch. PSC 128 for wind projects with a generating capacity of 100 MW or less.2    
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Alabama None, 

State 

None None None None None None None None 

Alaska None, 

State 

None None None None None None None None 

Arizona None, 

Local 

None None None None None None None None 

Arkansas None, 

Local 

None None None None None None None None 

California Yes, 

Local 

Siting decisions 

made at county 

level; State 

mandatory 

maximum 

standards for 

local regulation 

of wind  

≤ 50 kW 60 dB(A) for 

small wind or 

existing 

maximum 

(whichever is 

lesser) at 

property line 

50 kW or less:  

Maximum setback 

from property line can 

be no more than tower 

height, unless greater 

setback is needed to 

comply with 

applicable fire setback 

under state Public 

Resources Code 

None None None None 
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Colorado Yes, 

Local 

No state wind 

law or guidelines; 

State noise law 

None 55 dB(A) 

day, 50 

dB(A) night 

from property 

line 

None None None None None 

Connecticut Yes, 

State 

Mandatory; 

Connecticut 

Siting Council 

issues permits 

Consumer 

< 65 MW, 

Utility > 

65 MW 

55 dB(A) 

day, 45 

dB(A) night 

at the 

property line 

2.5 times turbine 

height for >65 MW 

projects; 1.5 times 

turbine height for <65 

MW projects or 

manufacturers 

recommendation, 

whichever is greater 

None None Not more 

than 30 

hours per 

year 

Submit a 

decommissio

ning plan 

Delaware Yes, 

Local 

Mandatory Wind 

energy 

systems 

installed 

at single-

family 

homes 

≤ 5 dB(A) 

over ambient, 

up to 60 

dB(A) at the 

property line 

1.0 times turbine 

height 

None None None None 

Florida None, 

State 

None None None None None None None None 

Georgia Yes,* 

Local 

Voluntary, Local 

jurisdictions are 

responsible for 

determining 

zoning/siting 

None 55 dB(A) as 

measured at 

property line 

of non-

1.1 – 1.5 times turbine 

height, depending on 

capacity 

1.5 – 2.5 

times 

turbine 

height, 

1.1 – 1.5 

times 

turbine 

height, 

depending 

Less than 

30 hours 

per year 

Submit a 

decommissio

ning plan 
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requirements, 

however the state 

provides a model 

ordinance 

participating 

landowner 

depending 

on capacity 

on 

capacity 

Hawaii None, 

Local 

None None Wind 

projects must 

comply with 

Hawaii Dept. 

of Health Ch. 

46 

Community 

Noise 

Control 

Rules. 

Maximum 

permissible 

sound levels 

in dB(A) 

vary with 

zoning 

districts. 

None None None None None 

Idaho None, 

Local 

None None None None None None None None 

Illinois Yes, 

Local 

Mandatory state 

limit on small 

wind setback; 

other decisions 

None Wind 

projects are 

required to 

comply with 

1.1 times turbine 

height  

None None None None 
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made at county 

level 

Illinois’ 

Pollution 

Control 

Board noise 

standards, 

approx. 45 

dB(A) at 

property line. 

Indiana None, 

Local 

None None None None None None None None 

Iowa Yes,* 

Both 

Voluntary, Local 

jurisdictions are 

responsible for 

determining 

zoning/siting 

requirements, 

however the state 

provides a model 

ordinance 

≤ 100 kW A level that 

will not elicit 

nuisance  

1.25 times turbine 

height  

None 1.25 times 

turbine 

height for 

public/util

ity rights-

of-way 

None None 

Kansas None, 

Local 

None None None None None None None None 

Kentucky Yes,* 

State 

Voluntary, Local 

jurisdictions are 

responsible for 

determining 

zoning/siting 

requirements, 

> 20 kW 55 dB(A) 

limit at 

occupied 

buildings of 

non-

1.5 times turbine 

height  

2.0 times 

height for 

turbines > 

20 kW and 

< 100 kW, 

2.5 times for 

1.5 times 

turbine 

height for 

public 

rights-of-

way 

Less than 

30 hours 

per year 

Submit a 

decommissio

ning plan 
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however the state 

provides a model 

ordinance 

participating 

residences 

turbines ≥ 

100 kW 

Louisiana None, 

Local 

None None None None None None None None 

Maine Yes,* 

State 

Voluntary, Local 

jurisdictions are 

responsible for 

determining 

zoning/siting 

requirements, 

however the state 

provides a model 

ordinance 

All 

capacities, 

however 

most 

recommen

dations 

regard ≥ 

100 kW 

55 dB(A) 

day/45 dB(A) 

night limit 

within 500 

feet of a 

sleeping 

quarters, 55 

dB(A) for 

protected 

areas, 75 

dB(A) at 

property 

lines, 5 

dB(A) 

penalty for 

repeating 

sounds 

1.5 times turbine 

height  

None 1.5 times 

turbine 

height for 

public/util

ity rights-

of-way 

Facility 

must be 

designed to 

"avoid 

unreasonab

le adverse" 

effects 

Submit a 

decommissio

ning plan 

Maryland Yes, 

State 

Voluntary (siting 

guidelines for 

wildlife), PSC 

regulates projects 

over 70 MW 

None None None None None None None 
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Massachusetts Yes,* 

State 

Voluntary, Local 

jurisdictions are 

responsible for 

determining 

zoning/siting 

requirements, 

however the state 

provides a model 

ordinance 

≥ 600 kW Not more 

than 10 

dB(A) over 

ambient as 

measured at 

the property 

line of the 

facility or 

nearest 

inhabited 

buildings 

1.5 times turbine 

height 

3 times 

turbine 

height 

1.5 times 

turbine 

height for 

public/util

ity rights-

of-way 

None None 

Michigan Yes,* 

Local 

Voluntary, Local 

jurisdictions are 

responsible for 

determining 

zoning/siting 

requirements, 

however the state 

provides a model 

ordinance 

None ≤ 55 dB(A) 

or 5 dB(A) 

over ambient 

at property 

line 

1 times turbine height None 1 times 

height for 

public 

rights-of-

way 

Describe 

mitigation 

Submit a 

decommissio

ning plan 

Minnesota Yes,* 

State 

Mandatory, 

unless county 

affirmatively 

assumes 

jurisdiction on 

projects 5 - 25 

MW 

> 5 MW 55 dB(A) 

day, 50 

dB(A) night, 

using state 

noise 

standard 

Wind access buffer 

requires 3 rotor 

diameters on 

secondary wind axis, 5 

diameters on primary 

wind access, from 

500 feet 

from 

dwelling 

and 

sufficiently 

far to meet 

250 feet 

from road 

rights-of-

way 

None Submit a 

decommissio

ning plan 
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neighboring property, 

including public lands 

noise 

standards  

Mississippi None, 

State 

None None None None None None None None 

Missouri None, 

Local 

None None None None None None None None 

Montana None, 

Local 

None None None None None None None None 

Nebraska Yes, 

State 

Mandatory 

decommissioning 

standard, all other 

siting guidelines 

are subject to 

local or county 

jurisdiction 

None None None None None None Provide proof 

of available 

financial 

security for 

decommissio

ning costs 
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Nevada Yes, 

Local 

Local jurisdiction 

over siting 

requirements; 

State restricts 

unacceptable 

limits on siting 

unless restrictions 

are due to noise, 

setback, health 

effects, etc. 

None None None None None None None 

New 

Hampshire 

Yes, 

State 

Mandatory limits 

not to be 

exceeded by 

municipalities 

> 100 kW Maximum 55 

dB(A) at 

property lines  

1.5 times turbine 

height 

None None None None 

New Jersey Yes, 

Both 

Mandatory; 

Utility scale 

turbines must be 

installed on 

contiguous 

parcels ≥ 20 

acres; limits on 

community scale 

projects 

None Maximum 55 

dB(A) at 

property lines 

for 

community 

turbines 

1.5 times turbine 

height for community 

project 

None None None None 

New Mexico None, 

State 

None None None None None None None None 
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New York Yes,* 

Local 

Voluntary; except 

mandatory 

requirements for 

bat/bird surveys 

only, State 

regulation over 

25 MW 

None 55 dB(A) at 

property lines 

1.5 times turbine 

height 

None None None None 

North 

Carolina 

Yes,* 

Local 

Voluntary, Local 

jurisdictions are 

responsible for 

determining 

zoning/siting 

requirements  

≥ 1 MW 

of turbine 

capacity 

within 0.5 

miles 

between 

turbines  

Maximum 55 

dB(A) at 

occupied 

buildings 

1.5 times turbine 

height 

2.5 times 

turbine 

height 

1.5 times 

turbine 

height to 

public 

rights-of-

way 

None None 

North Dakota Yes, 

State 

 Mandatory for 

any wind project 

greater than 0.5 

MW, smaller 

facilities 

regulated at local 

level 

≥ 0.5 MW 50 dB(A) 

within 100 

feet of 

inhabited 

residence or 

community 

building 

1.1 times turbine 

height from property 

line of non-

participating 

landowner, unless 

variance is granted. 

None 1.1 times 

turbine 

height 

from inter/ 

state 

highway; 

same + 75 

feet from 

county or 

town road 

centerline 

None None 
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Ohio Yes, 

State 

Mandatory ≥ 5 MW Model 

day/night 

levels and 

describe 

mitigation 

measures  

1.1 times turbine 

height to wind farm 

property line and at 

least 1125 feet from 

tip of the turbine’s 

nearest blade at ninety 

degrees to the  nearest 

adjacent property line. 

At least 

1125 feet in 

horizontal 

distance 

from the tip 

of the 

turbine's 

nearest 

blade at 

ninety 

degrees to 

exterior of 

habitable, 

residential 

structure 

unless 

waived. 

None Model 

exposure 

and 

describe 

mitigation 

measures 

None 

Oklahoma Yes, 

local 

Mandatory 

decommissioning 

standard, all other 

siting guidelines 

are subject to 

local or county 

jurisdiction 

None None None None None None After 15 

years of 

operation, 

proof of 

financial 

security 
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Oregon Yes,* 

State 

Voluntary, Local 

jurisdictions are 

responsible for 

determining 

zoning/siting 

requirements, 

however the state 

provides a model 

ordinance  

≥ 50 kW 36 dB(A) or 

10 dB(A) 

over ambient 

1.5 times turbine 

height 

None None None  None 

Pennsylvania Yes,* 

Local 

Voluntary, Local 

jurisdictions are 

responsible for 

determining 

zoning/siting 

requirements, 

however the state 

provides a model 

ordinance  

None 55 dB(A) at 

occupied 

buildings 

1.1 times turbine 

height 

5 times 

turbine 

height 

1.1 times 

turbine 

height to 

public 

road 

Owner 

should 

make a 

reasonable 

effort to 

minimize 

shadow 

flicker at 

residences  

Submit a 

decommissio

ning plan and 

proof of 

financial 

security 

Rhode Island Yes,* 

State 

Voluntary 

(recommendation 

– currently 

interim siting 

factors available) 

Guidelines 

vary 

depending 

on size 

classificati

on. Stated 

here are 

for >200 

Individual 

noise study 

recommende

d. 

Recommende

d 

conformance 

with existing 

1.5 times turbine 

height from all non-

residential property 

lines 

2 times 

height of 

turbine from 

residential 

property 

lines  

1.25 to 1.5 

times 

turbine 

height to 

rights-of-

way 

Communiti

es to define 

amount, 

range of 3 

to 30 hours 

per year 

provided. 

None 
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feet height 

or 100 kW 

generation 

municipality 

noise 

ordinances. 

South 

Carolina 

None, 

State 

None None None None None None None None 

South Dakota Yes,* 

Local 

Voluntary, 

Counties are 

responsible for 

determining 

zoning/siting 

requirements, 

however the state 

provides a model 

ordinance  

≥ 75 feet 

tall 

≤ 55 dB(A) at 

occupied 

building 

500 feet or 1.1 times 

turbine height, 

whichever is greater, 

unless easement has 

been obtained from 

adjoining property 

owner. 

1,000 feet 

for non-

participant 

landowner; 

500 feet or 

1.1 times 

turbine 

height for 

participant 

landowner, 

whichever is 

greater.  

500 feet or 

1.1 times 

turbine 

height to 

public 

right-of-

way, 

whichever 

is greater 

None Submit a 

decommissio

ning plan and 

proof of 

financial 

security after 

10 years of 

operation 

Tennessee Yes,* 

Local 

Voluntary, Local 

jurisdictions are 

responsible for 

determining 

zoning/siting 

requirements, 

however the state 

provides a model 

ordinance 

> 20 kW 55 dB(A) 

limit at 

occupied 

buildings of 

non-

participating 

residences 

1.5 times turbine 

height  

2.0 times 

height for 

turbines > 

20 kW and 

< 100 kW, 

2.5 times for 

turbines ≥ 

100 kW 

1.5 times 

turbine 

height for 

public 

rights-of-

way 

Less than 

30 hours 

per year 

Submit a 

decommissio

ning plan 
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Texas None, 

Local 

None None None None None None None None 

Utah Yes,* 

Local 

Voluntary, Local 

jurisdictions are 

responsible for 

determining 

zoning/siting 

requirements, 

however the state 

provides a model 

ordinance 

None Existing 

limits or 60 

dB(A) 

None 1.1 times 

turbine 

height 

1.1 times 

turbine 

height to 

public/util

ity rights-

of-way 

None None 

Vermont None, 

State 

None None None None None None None None 

Virginia Yes,* 

Local 

Voluntary, Local 

jurisdictions are 

responsible for 

determining 

zoning/siting 

requirements, 

however the state 

provides a model 

ordinance 

> 5 MW 

or 2 or 

more 

turbines 

60 dB(A) at 

property line 

1.1 times turbine 

height 

1.1 times 

turbine 

height; 1.5 

times 

turbine 

height for 

non-

participating 

landowner 

None Reasonable 

effort to 

minimize 

disruption 

Submit a 

decommissio

ning plan and 

provide proof 

of financial 

security 
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Washington Yes, 

State 

County 

jurisdiction, but 

projects can 

choose state 

Energy Facility 

Site Evaluation 

Council 

jurisdiction 

None State noise 

law, limits 

residential 

noise to 55 

dB(A) day, 

45 dB(A) 

night 

None None None None None 

Washington 

DC 

None, 

PUC5 

None None None None None None None None 

West Virginia None, 

State 

None None None None None None None None 

Wisconsin Yes, 

Local6 

Mandatory Up to 100 

MW 

50 dB(A) 

Day, 45 

dB(A) Night 

1.1 times turbine 

height 

Lessor of 

1250 feet or 

3.1 time 

height from 

nonparticipa

ting 

residence 

1.1 times 

turbine 

height 

from 

public/util

ity rights-

of-way 

No more 

than 30 

hours per 

year, 

mitigation 

required if 

more than 

20 hours 

per year 

Maintain 

proof of 

financial 

security 

Wyoming Yes, 

State 

Mandatory, 

Counties retain 

jurisdiction of 

siting 

requirements 

outside of 

> 0.5 MW None 1.1 times turbine 

height unless waived 

by landowners 

1,000 feet or 

5.5 times 

turbine 

heights, 

whichever is 

greater, 

1.1 times 

turbine 

height to 

road, 5.5 

times 

turbine 

None Submit a 

decommissio

ning plan 

Exhibit A4-4

Page 80 of 97 
014530



State 

 
R

el
ev

a
n

t 
P

o
li

cy
, 

P
ri

m
a
ry

 A
u

th
o
ri

ty
3

 

M
a
n

d
a
to

ry
 o

r 

V
o
lu

n
ta

ry
4
 

S
iz

e 

N
o
is

e 

P
ro

p
er

ty
 S

et
b

a
ck

 

R
es

id
en

ce
 S

et
b

a
ck

 

O
th

er
 S

et
b

a
ck

s 

S
h

a
d

o
w

  
  

  
  
  
  
  

F
li

ck
er

 

D
ec

o
m

m
is

si
o
n

in
g
 

minimum 

setbacks defined 

by the state 

unless 

waived by 

landowner 

height (or 
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* State provides lesser jurisdictions with a model wind siting ordinance.  The siting criteria in the model ordinances are recommendations and are not legally 

binding, unless otherwise noted.   
1 Sources include 1) Stanton (2012), 2) DSIRE:  Database of State Incentives for Renewables & Efficiency, 3) internet searches regarding state policies and 

ordinances.   Information is considered current up to 09/15/2014. 
2 PSC 128 also outlines rules on signal interference and stray voltage which are not addressed in this table.  Wisconsin is the only state that has a policy for 

wind energy systems regarding stray voltage and one of only six states with policies regarding television or radio interference.  Michigan’s model, non-binding 

model ordinance recommends no siting that would cause signal interference, Oregon, New York, Virginia, and Pennsylvania recommend mitigation of 

interference and Wisconsin requires mitigation of interference.   
3 “Primary Authority” is taken directly from Stanton (2012).   
4 Note that some wind siting policies may be mandated by states (e.g., noise restrictions) while other policies may be regulated by local jurisdictions.    
5 Public Utility Commission 
6 May not be more restrictive than PSC 128.  
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Appendix H 

 

Town of Newport, North Carolina, Adopted Ordinance on Property Protection 

 

9-6.1(e) Real Property Value Protection Requirement 

a. The WEF Owner (Applicant) or their successor shall assure The Town of Newport that there 

will be no loss in real property value due to the WEF. 

b. To legally support this claim, the Applicant shall hereby consent to this Real Property Value 

Protection Agreement (“Agreement”). This Agreement provides assurance to nonparticipating 

real property owners near the WEF (not lessors to the Applicant), that they have some 

protections from real property values losses due to the WEF. 

c. Applicant guarantees that the property values of all real property partially or fully within two 

(2) miles of the WEF, will not be adversely affected by the WEF. The two (2) miles shall be 

within the Newport Zoning and Planning Jurisdiction. Any real property owner(s) included in 

that area who believe that their property may have been devalued due to the WEF, may elect to 

exercise the following option: 

d. All appraiser costs are paid by the Applicant, from the Escrow Account. Applicant and the 

property owner shall each select a licensed appraiser. Each appraiser shall provide a detailed 

written explanation of the reduction in value to the real property ("Diminution Value"), if any, 

caused by the proximity to the WEF. This shall be determined by calculating the difference 

between the current fair market value of the real property (assuming no WEF was proposed or 

constructed), and the fair market value at the time of exercising this option: 

1. If the higher of the Diminution Valuations submitted is equal to or less than twenty five 

percent (25%) more than the other, the two values shall be averaged ("Average Diminution 

Value": ADV). 

2. If one of the Diminution Valuations submitted is more than twenty five percent (25%)higher 

than the other, then the two appraisers will select a third licensed appraiser who shall present to 

Applicant and property owner a written appraisal report as to the Diminution Value for the real 

property. The parties agree that the resulting average of the two highest Diminution Valuations 

shall constitute the ADV. 

3. In either case, the property owner may elect to receive payment from the WEF Owner of the 

ADV. Applicant is required to make this payment within sixty (60) days of  receiving said 

written election from property owner, to have such payment made. 

e. Other Agreement Conditions: 

1. If a property owner wants to exercise this option, they must do so within ten (10) years of the 

WEF receiving final approval from the town. 

2. A property owner may elect to exercise this option only once. 

3. The applicant and the property owner may accept mutually agreeable modifications of this 

Agreement, however, the Applicant is not allowed to put other conditions on a financial 

settlement (e.g. confidentiality). If the property owner accepts some payment for property value 

loss, based on an alternative method, then that is considered an exercise of this option. 

4. This Agreement applies to the property owner of record as of the first notification of intent to 

apply for a WEF permit by the Applicant to DENR, as required by HB-484, is not transferable to 

subsequent property owners. 
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5. The property owner of record as of the first notification of intent to apply for a WEF permit by 

the Applicant to DENR, as required by HB-484, must reasonably maintain the property from that 

time, until they choose to elect this option. 

6. The property owner must permit access to the property by the appraisers, as needed to perform 

the appraisals. 

7. The property owner must inform the appraisers of all known defects of the property as may be 

required by law, as well as all consequential modifications or changes to the property subsequent 

to the first notification of intent to apply for a WEF permit by the Applicant to DENR, as 

required by HB-484. 

8. This Agreement will be guaranteed by the Applicant (and all its successors and assigns), for 

ten (10) years following the WEF receiving final approval from the Town, by providing a bond 

(or other surety), in an amount determined to be acceptable by the Town. 

9. Payment by the Applicant (per 9-6.1(e)d.3.) not made within sixty (60) days will accrue an 

interest penalty. This will be twelve (12) percent annually, from the date of the written election 

from property owner. 

10. For any litigation regarding this matter, all reasonable legal fees and court costs will be paid 

by the Applicant. 
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Appendix I 

 

Guidance for Minimizing Impacts to Natural Resources from Terrestrial Commercial Wind 

Energy Development 

 

The Wisconsin DNR has developed guidance to aid in the planning of commercial wind energy 

facilities.  The guidance was developed to help wind project reviewers, planners and owners 

identify areas that are not suitable for wind development, address potential impacts, and prevent 

unwanted and avoidable conflicts with area or site-specific natural resource management 

objectives.  This guidance is consistent with general guidance from the US Fish and Wildlife 

Service, but is guidance, and not a formal regulatory framework.  The DNR does have regulatory 

authority over certain aspects of wind energy system development, including any wetland or 

waterway impacts, erosion control and protection of state-listed threatened or endangered 

species.  

 

For the full guidance document, please visit the WI DNR website at: 

http://dnr.wi.gov/topic/sectors/documents/energy/windguidelines.pdf  
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Appendix J: Map of Commercial Wind Energy Installations in Wisconsin 1998-2013 
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 Appendix K: Map Showing Wisconsin Annual Average Wind Speed at 80 Meters 
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Appendix L: Population Densities in areas of Midwestern Wind Energy System Development 

The purpose of this spreadsheet is to provide population density data, at the township level, for the major wind projects in operation in six 

Midwestern states: Wisconsin, Minnesota, Michigan, Illinois, Iowa, and Indiana.  An effort was made to identify wind energy systems and their 

associated townships.  Although wind project county locations are readily available, oftentimes township location data is not provided.  In such 

cases, email inquiries were sent to county officials in the respective project location counties, requesting the names of the townships in which 

specific wind projects were located.  Requests were sent to multiple officials in each county and included emails to county assessors, recorders, 

surveyors, engineers or GIS/mapping personnel, planning department supervisors, and county clerks.  

Responses were gathered and compiled in this spreadsheet.  In some cases, county officials provided additional wind project township 

information for projects not specifically requested.  In those cases, those wind project names and townships were added to the spreadsheet.  

2010 population density data was then gathered from the U.S. Census Bureau website and added to the spreadsheet. The population density 

data for both the counties and the townships where the listed wind projects were located within each state were each added together and divided 

by the number of counties or townships listed, respectively, to arrive at the average population per square mile for the counties and townships 

in each state.  Where there were multiple wind energy systems in either a town or county, the values for those were not additionally summed 

for the average, but rather each added once to the calculation of the average.  For states in the Upper Midwest, Wisconsin shows a 

comparatively higher population density at the county and township level in areas where there has been wind energy system development. 

This approach is useful in allowing for a quick comparison of population densities at the county and town level, however, dense population 

centers within some counties or townships will influence the results and may create data outliers that are not accurate representations of the 

population density in the areas immediately surrounding wind energy systems.  Other potential ways of comparing population densities around 

wind energy systems such as evaluating population density within a specified distance around each system, or assessing population density 

down to the square mile, present difficulties in obtaining the data needed for comparison. 

Below is a summary table of the state comparison data, with a more detailed table that follows; showing the particular wind energy systems, 

counties, and towns that form the basis for the assessment. 

State Illinois Indiana Iowa Michigan Minnesota Wisconsin 

County Population Density per Sq.Mi. 

where Wind Energy Systems exist 

84 105.8 21.8 101.5 27.1 163.2 

Town Population Density per Sq. Mi. 

where Wind Energy Systems exist 

28.5 24.3 11.3 30 7.6 35.1 
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Wind Project 

MW 

Capacity State County Pop/Sq.Mi. Township Pop/Sq.Mi. 

Census 

Reference 

Big Sky Wind Farm 240 Illinois Bureau 40.2 Ohio 21.6 CPH-2-15 p.15 

Big Sky Wind Farm 240 Illinois Bureau 40.2 Walnut 47.5 CPH-2-15 p.15 

Big Sky Wind Farm 240 Illinois Lee 49.7 East Grove 7.2 CPH-2-15 p.43 

Big Sky Wind Farm 240 Illinois Lee 49.7 May 8.6 CPH-2-15 p.43 

        

Bishop Hill 1 200 Illinois Henry 61.3 Weller 12.3 CPH-2-15 p. 32 

Bishop Hill 1 200 Illinois Henry 61.3 Cambridge 68.4 CPH-2-15 p. 32 

Bishop Hill 1 200 Illinois Henry 61.3 Galva 82.8 CPH-2-15 p. 32 

Bishop Hill 1 200 Illinois Henry 61.3 Burns 7.3 CPH-2-15 p. 32 

Bishop Hill 1 200 Illinois Henry 61.3 Clover 26.9 CPH-2-15 p. 32 

        

Grand Ridge 210 Illinois LaSalle 100.4 Grand Rapids 9.4 CPH-2-15 p. 42 

Grand Ridge 210 Illinois LaSalle 100.4 Brookfield 23.9 CPH-2-15 p. 41 

Grand Ridge 210 Illinois LaSalle 100.4 Otter Creek 82.9 CPH-2-15 p. 42 

        

Lee-Dekalb Wind Energy 

Center 217.5 Illinois DeKalb 166.6 Milan 9.4 

CPH-2-15 p. 24 

Lee-Dekalb Wind Energy 

Center 217.5 Illinois DeKalb 166.6 Afton 24.5 

CPH-2-15 p. 23 

Lee-Dekalb Wind Energy 

Center 217.5 Illinois DeKalb 166.6 Shabbona 42 

CPH-2-15 p. 24 

Lee-Dekalb Wind Energy 

Center 217.5 Illinois DeKalb 166.6 Clinton 53 

CPH-2-15 p. 23 

Lee-Dekalb Wind Energy 

Center 217.5 Illinois Lee 49.7 Alto 16.2 

CPH-2-15 p. 43 

Lee-Dekalb Wind Energy 

Center 217.5 Illinois Lee 49.7 Willow Creek 19.6 

CPH-2-15 p. 43 

        

Minonk 200 Illinois Woodford 73.3 Panola 9.7 CPH-2-15 p. 72 

Exhibit A4-4

Page 88 of 97 
014538



Wind Project 

MW 

Capacity State County Pop/Sq.Mi. Township Pop/Sq.Mi. 

Census 

Reference 

Minonk 200 Illinois Woodford 73.3 Minonk 62.6 CPH-2-15 p. 72 

Minonk 200 Illinois Livingston 37.3 Nebraska 39.3 CPH-2-15 p. 44 

Minonk 200 Illinois Livingston 37.3 Waldo 7 CPH-2-15 p. 44 

        

Streator Cayuga Ridge 

South Wind Farm 300 Illinois Livingston 37.3 Odell 35.4 

CPH-2-15 p. 44 

Streator Cayuga Ridge 

South Wind Farm 300 Illinois Livingston 37.3 Union 6.8 

CPH-2-15 p. 44 

Streator Cayuga Ridge 

South Wind Farm 300 Illinois Livingston 37.3 Saunemin 15.4 

CPH-2-15 p. 44 

        

Top Crop Wind Farm 300 Illinois LaSalle 100.4 Grand Rapids 9.4 CPH-2-15 p. 42 

Top Crop Wind Farm 300 Illinois LaSalle 100.4 Brookfield 23.9 CPH-2-15 p. 41 

Top Crop Wind Farm 300 Illinois LaSalle 100.4 Otter Creek 82.9 CPH-2-15 p. 42 

        

Twin Groves Wind Farms I 

& II 396 Illinois McLean 143.3 Arrowsmith 13.9 

CPH-2-15 p. 46 

Twin Groves Wind Farms I 

& II 396 Illinois McLean 143.3 Dawson 15.8 

CPH-2-15 p. 46 

Twin Groves Wind Farms I 

& II 396 Illinois McLean 143.3 

Cheney's 

Grove 27.3 

CPH-2-15 p. 46 

        

Average County Pop/Sq.Mi. (Illinois Projects)                   84 

Average Township Pop/Sq.Mi. (Illinois Projects)            28.5 

 

Wind Project 

MW 

Capacity State County Pop/Sq.Mi. Township Pop/Sq.Mi. 

Census 

Reference 

Benton County Wind Farm 130 Indiana Benton 21.8 Richland 15.1 CPH-2-16 p. 14 

Benton County Wind Farm 130 Indiana Benton 21.8 York 6.6 CPH-2-16 p. 14 
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Fowler Ridge (multiple 

phase) 600 Indiana Benton 21.8 Bolivar 34.7 

CPH-2-16 p. 14 

Fowler Ridge (multiple 

phase) 600 Indiana Benton 21.8 Center 51.2 

CPH-2-16 p. 14 

Fowler Ridge (multiple 

phase) 600 Indiana Benton 21.8 Grant 29.4 

CPH-2-16 p. 14 

Fowler Ridge (multiple 

phase) 600 Indiana Benton 21.8 Hickory Grove 14.2 

CPH-2-16 p. 14 

Fowler Ridge (multiple 

phase) 600 Indiana Benton 21.8 Oak Grove 44.5 

CPH-2-16 p. 14 

Fowler Ridge (multiple 

phase) 600 Indiana Benton 21.8 Parish Grove 5.3 

CPH-2-16 p. 14 

Fowler Ridge (multiple 

phase) 600 Indiana Benton 21.8 Union 7.1 

CPH-2-16 p. 14 

        

Hoosier 106 Indiana Benton 21.8 Pine 9.3 CPH-2-16 p. 14 

Hoosier 106 Indiana Benton 21.8 Union 7.1 CPH-2-16 p. 14 

Hoosier 106 Indiana Benton 21.8 Gilboa 7 CPH-2-16 p. 14 

        

Wildcat 200 Indiana Madison 291.3 Duck Creek 22.9 CPH-2-16 p. 29 

Wildcat 200 Indiana Madison 291.3 Boone 21.9 CPH-2-16 p. 29 

Wildcat 200 Indiana Tipton 61.2 Madison 31.3 CPH-2-16 p. 39 

Wildcat 200 Indiana Tipton 61.2 Wildcat 40.8 CPH-2-16 p. 39 

        

Meadow Lake (Phase I, II, 

III) 402 Indiana White 48.8 Prairie 47.8 

CPH-2-16 p. 43 

Meadow Lake (Phase I, II, 

III) 402 Indiana White 48.8 Big Creek 24.8 

CPH-2-16 p. 43 

        

Average County Pop/Sq.Mi. (Indiana Projects)              105.8 

Average Township Pop/Sq.Mi. (Indiana Projects)            24.3 
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Wind Project 

MW 

Capacity State County Pop/Sq.Mi. Township Pop/Sq.Mi. 

Census 

Reference 

Adair Wind Farm 174 Iowa Cass 24.7 Massena 14.7 CPH-2-17 p. 19 

        

Barton Wind Farm 160 Iowa Worth 19 Barton 5.3 CPH-2-17 p. 58 

        

Buena Vista (Storm Lake) 193 Iowa Buena Vista 35.2 Maple Valley 6.3 CPH-2-17 p. 17 

        

Century Wind Farm 200 Iowa Hamilton 27.2 Blairsburg 10.3 CPH-2-17 p. 30 

Century Wind Farm 200 Iowa Wright 22.8 Wall Lake 3 CPH-2-17 p. 59 

Century Wind Farm 200 Iowa Wright 22.8 Vernon 2.9 CPH-2-17 p. 59 

        

Crystal Lake Wind Farm 416 Iowa Hancock 19.9 Crystal 12.4 CPH-2-17 p. 31 

Crystal Lake Wind Farm 416 Iowa Hancock 19.9 Bingham 12.1 CPH-2-17 p. 31 

Crystal Lake Wind Farm 416 Iowa Hancock 19.9 Orthel 6.2 CPH-2-17 p. 31 

Crystal Lake Wind Farm 416 Iowa Hancock 19.9 Britt 64.7 CPH-2-17 p. 31 

        

Eclipse Wind Project 200 Iowa Audubon 13.8 Audubon 5.3 CPH-2-17 p. 14 

Eclipse Wind Project 200 Iowa Guthrie 18.5 Grant 5.4 CPH-2-17 p. 30 

        

Franklin County Wind Farm  Iowa Franklin 18.4 Hamilton 4.3 CPH-2-17 p. 28 

Franklin County Wind Farm  Iowa Franklin 18.4 Oakland 5.9 CPH-2-17 p. 28 

Franklin County Wind Farm  Iowa Franklin 18.4 Lee 4.9 CPH-2-17 p. 28 

Franklin County Wind Farm  Iowa Franklin 18.4 Grant 9.2 CPH-2-17 p. 28 

        

Gamesa Wind Farm  Iowa Pocahontas 13 Colfax 4.4 CPH-2-17 p. 47 

Gamesa Wind Farm  Iowa Pocahontas 13 Bellville 9.7 CPH-2-17 p. 47 

Gamesa Wind Farm  Iowa Pocahontas 13 Lizard 5.5 CPH-2-17 p. 47 

        

Garden Wind Farm  Iowa Hardin 30.8 Sherman 20.5 CPH-2-17 p. 32 

Garden Wind Farm  Iowa Hardin 30.8 Concord 9.7 CPH-2-17 p. 31 
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Wind Project 

MW 

Capacity State County Pop/Sq.Mi. Township Pop/Sq.Mi. 

Census 

Reference 

Garden Wind Farm  Iowa Hardin 30.8 Grant 6.6 CPH-2-17 p. 32 

 

       

Intrepid Wind Farm 160 Iowa Buena Vista 35.2 Maple Valley 6.3 CPH-2-17 p. 17 

Intrepid Wind Farm 160 Iowa Sac 18 Cook 4.5 CPH-2-17 p. 50 

Intrepid Wind Farm 160 Iowa Sac 18 Eureka 26.1 CPH-2-17 p. 50 

        

Morning Light Wind Project  Iowa Adair 13.5 Summit 27.2 CPH-2-17 p. 13 

Morning Light Wind Project  Iowa Adair 13.5 Walnut 5 CPH-2-17 p. 13 

Morning Light Wind Project  Iowa Adair 13.5 Prussia 4.9 CPH-2-17 p. 13 

        

Pioneer Prairie Wind Farm 293 Iowa Howard 20.2 Oak Dale 6.5 CPH-2-17 p. 33 

Pioneer Prairie Wind Farm 293 Iowa Mitchell 23 Stacyville 24.3 CPH-2-17 p. 43 

Pioneer Prairie Wind Farm 293 Iowa Mitchell 23 Wayne 12.6 CPH-2-17 p. 43 

        

Pomeroy Wind Farm  286 Iowa Pocahontas 12.7 Cedar 21.2 CPH-2-17 p. 47 

Pomeroy Wind Farm  286 Iowa Pocahontas 12.7 Colfax 4.4 CPH-2-17 p. 47 

Pomeroy Wind Farm  286 Iowa Pocahontas 12.7 Grant 4.1 CPH-2-17 p. 47 

Pomeroy Wind Farm  286 Iowa Calhoun 17 Butler 24.5 CPH-2-17 p. 18 

        

Rolling Hills Wind Project 444 Iowa Adair 13.5 Jackson 9.7 CPH-2-17 p. 13 

Rolling Hills Wind Project 444 Iowa Adair 13.5 Washington 4.1 CPH-2-17 p. 13 

        

Story County Wind Farm I 

& II 300 Iowa Hardin 30.8 Sherman 20.5 

CPH-2-17 p. 32 

Story County Wind Farm I 

& II 300 Iowa Hardin 30.8 Concord 9.7 

CPH-2-17 p. 31 

Story County Wind Farm I 

& II 300 Iowa Hardin 30.8 Grant 6.6 

CPH-2-17 p. 32 

        

Top of Iowa (I,II,II) 190 Iowa Worth 19 Brookfield 6.6 CPH-2-17 p. 58 
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Wind Project 

MW 

Capacity State County Pop/Sq.Mi. Township Pop/Sq.Mi. 

Census 

Reference 

Top of Iowa (I,II,II) 190 Iowa Worth 19 Danville 9.7 CPH-2-17 p. 58 

 

       

Whispering Willow Wind 

Farm 200 Iowa Franklin 18.4 Hamilton 4.3 

CPH-2-17 p. 28 

Whispering Willow Wind 

Farm 200 Iowa Franklin 18.4 Reeve 7.4 

CPH-2-17 p. 28 

Whispering Willow Wind 

Farm 200 Iowa Franklin 18.4 Lee 4.9 

CPH-2-17 p. 28 

Whispering Willow Wind 

Farm 200 Iowa Franklin 18.4 Grant 9.2 

CPH-2-17 p. 28 

        

Average County Pop/Sq.Mi. (Iowa Projects)                   21.8 

Average Township Pop/Sq.Mi. (Iowa Projects)               11.3 
  

Wind Project 

MW 

Capacity State County Pop/Sq.Mi. Township Pop/Sq.Mi. 

Census 

Reference 

Beebe Wind Farm 82 Michigan Gratiot 74.7 Emerson 27.8 CHP-2-24 p. 22 

Beebe Wind Farm 82 Michigan Gratiot 74.7 North Star 26 CHP-2-24 p. 23 

Beebe Wind Farm 82 Michigan Gratiot 74.7 Hamilton 13.4 CHP-2-24 p. 23 

        

Garden Wind Farm 8 Michigan Delta 31.7 Garden 4.7 CHP-2-24 p. 20 

        

Gratiot Farms 213 Michigan Gratiot 74.7 Lafayette 16.4 CHP-2-24 p. 23 

Gratiot Farms 213 Michigan Gratiot 74.7 Emerson 27.8 CHP-2-24 p. 22 

Gratiot Farms 213 Michigan Gratiot 74.7 North Star 26 CHP-2-24 p. 23 

        

Lake Winds Energy Park 101 Michigan Mason 58 Riverton 32.7 CHP-2-24 p. 32 

Lake Winds Energy Park 101 Michigan Mason 58 Summit 72.2 CHP-2-24 p. 32 

        

Michigan Wind 2 90 Michigan Sanilac 44.8 Minden 15.1 CHP-2-24 p. 42 
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Michigan Wind 2 90 Michigan Sanilac 44.8 Bridgehampton 23.6 CHP-2-24 p. 41 

Michigan Wind 2 90 Michigan Sanilac 44.8 Delaware 18.4 CHP-2-24 p. 41 

Michigan Wind 2 90 Michigan Sanilac 44.8 Marion 46 CHP-2-24 p. 42 

        

Pheasant Run Wind 1 75 Michigan Huron 39.6 Brookfield 21.4 CHP-2-24 p. 24 

        

Thumb Wind Park 34 Michigan Sanilac 44.8 Delaware 18.4 CHP-2-24 p. 41 

Thumb Wind Park 34 Michigan Sanilac 44.8 Marion 46 CHP-2-24 p. 42 

Thumb Wind Park 34 Michigan Sanilac 44.8 Minden 15.1 CHP-2-24 p. 42 

        

Tuscola Bay Wind 120 Michigan Tuscola 69.4 Gilford 21.3 CHP-2-24 p. 43 

Tuscola Bay Wind 120 Michigan Tuscola 69.4 Akron 28.5 CHP-2-24 p. 42 

Tuscola Bay Wind 120 Michigan Bay 243.7 Merritt 45.5 CHP-2-24 p. 15 

Tuscola Bay Wind 120 Michigan Saginaw 250.2 Blumfield 55 CHP-2-24 p. 40 

       
 

Wind project name and township data shown in the following eight line grouping for Huron County was received from a Huron County official, but the 

response did not itemize which of the provided projects were located in which of the provided townships, but only that these projects exist in Huron 

County and that they are located in the various townships listed. Therefore, the particular Huron County township listed in this grouping may not 

necessarily correspond to the particular Huron County wind project located on the same line in the table where the township is listed. 

  Michigan Huron 39.6 Brookfield 21.4 CHP-2-24 p. 24 

Big Turtle Wind 20 Michigan Huron 39.6 Chandler 13.4 CHP-2-24 p. 24 

Brookfield Wind Park 75 Michigan Huron 39.6 Fairhaven 51.5 CHP-2-24 p. 24 

Echo Wind Park  112 Michigan Huron 39.6 Grant 25.8 CHP-2-24 p. 24 

Pheasant Run 1   75 Michigan Huron 39.6 McKinley 22.1 CHP-2-24 p. 24 

Thumb Wind Park   76 Michigan Huron 39.6 Oliver 42 CHP-2-24 p. 24 

  Michigan Huron 39.6 Sigel 13 CHP-2-24 p. 24 

  Michigan Huron 39.6 Winsor 54.1 CHP-2-24 p. 24 

        

Average County Pop/Sq.Mi. (Michigan Projects)           101.5 

Average Township Pop/Sq.Mi. (Michigan projects)            30 
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Wind Project 

MW 

Capacity State County Pop/Sq.Mi. Township Pop/Sq.Mi. Census Reference 

Bent Tree Wind Farm 201 Minnesota Freeborn 44.2 Manchester 11.9 CPH-2-25 p. 25 

Bent Tree Wind Farm 201 Minnesota Freeborn 44.2 Hartland 7.1 CPH-2-25 p. 25 

Bent Tree Wind Farm 201 Minnesota Freeborn 44.2 Bath 12.3 CPH-2-25 p. 25 

Bent Tree Wind Farm 201 Minnesota Freeborn 44.2 Freeborn 7.5 CPH-2-25 p. 25 

Bent Tree Wind Farm 201 Minnesota Freeborn 44.2 Bancroft 29.1 CPH-2-25 p. 25 

        

Buffalo Ridge Wind 

Project 225 Minnesota Lincoln 11 Lake Benton 7.3 

CPH-2-25 p. 33 

Buffalo Ridge Wind 

Project 225 Minnesota Pipestone 20.6 Altona 3.6 

CPH-2-25 p. 42 

Buffalo Ridge Wind 

Project 225 Minnesota Pipestone 20.6 Burke 6.1 

CPH-2-25 p. 42 

Buffalo Ridge Wind 

Project 225 Minnesota Pipestone 20.6 Grange 5.6 

CPH-2-25 p. 42 

Buffalo Ridge Wind 

Project 225 Minnesota Pipestone 20.6 Rock 5.1 

CPH-2-25 p. 42 

        

Elm Creek (I & II) 249 Minnesota Jackson 14.6 Kimball 3.6 CPH-2-25 p. 29 

Elm Creek (I & II) 249 Minnesota Jackson 14.6 Enterprise 5.2 CPH-2-25 p. 29 

Elm Creek (I & II) 249 Minnesota Jackson 14.6 Wisconsin 6.6 CPH-2-25 p. 29 

Elm Creek (I & II) 249 Minnesota Martin 29.3 Elm Creek 5.4 CPH-2-25 p. 35 

Elm Creek (I & II) 249 Minnesota Martin 29.3 Cedar 6.4 CPH-2-25 p. 35 

        

Fenton Wind Farm 206 Minnesota Murray 12.4 Fenton 4.9 CPH-2-25 p. 38 

Fenton Wind Farm 206 Minnesota Murray 12.4 Moulton 5.8 CPH-2-25 p. 38 

Fenton Wind Farm 206 Minnesota Nobles 29.9 Wilmont 5.2 CPH-2-25 p. 39 

        

Lakefield Wind Project 206 Minnesota Jackson 14.6 Hunter 6.3 CPH-2-25 p. 29 

Lakefield Wind Project 206 Minnesota Jackson 14.6 Heron Lake 8.6 CPH-2-25 p. 29 

Lakefield Wind Project 206 Minnesota Jackson 14.6 Des Moines 7.5 CPH-2-25 p. 29 
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Wind Project 

MW 

Capacity State County Pop/Sq.Mi. Township Pop/Sq.Mi. Census Reference 

Lakefield Wind Project 206 Minnesota Jackson 14.6 Belmont 6.1 CPH-2-25 p. 29 

 

       

Nobles Wind Farm 201 Minnesota Nobles 29.9 Larkin 5.3 CPH-2-25 p. 39 

Nobles Wind Farm 201 Minnesota Nobles 29.9 Summit Lake 9 CPH-2-25 p. 39 

Nobles Wind Farm 201 Minnesota Nobles 29.9 Olney 5.8 CPH-2-25 p. 39 

Nobles Wind Farm 201 Minnesota Nobles 29.9 Dewald 7.1 CPH-2-25 p. 39 

        

Wind project name and township data shown in the following three line grouping for Mower County was received from a Mower County official, but 

the response did not itemize which of the provided projects were located in which of the provided townships, but only that these projects exist in Mower 

County and that they are located in the various townships listed. Therefore, the particular Mower County township listed in this grouping may not 

necessarily correspond to the particular Mower County wind project located on the same line in the table where the township is listed. 

Mower County Wind  Minnesota Mower 55.1 Clayton 4.4 CPH-2-25 p. 37 

Prairie Star Wind  Minnesota Mower 55.1 Frankford 12.4 CPH-2-25 p. 37 

Adams Wind  Minnesota Mower 55.1 

Grand 

Meadow 8.6 

CPH-2-25 p. 37 

        

Average County Pop/Sq.Mi. (Minnesota Projects)          27.1 

Average Township Pop/Sq.Mi. (Minnesota Projects)        7.6 

 

Wind Project 

MW 

Capacity State County Pop/Sq.Mi. Township Pop/Sq.Mi. Census Reference 

Blue Sky Green Field 

Wind Energy Center 145 Wisconsin Fond du Lac 141.2 Marshfield 33.5 

CPH-2-51 p. 23 

Blue Sky Green Field 

Wind Energy Center 145 Wisconsin Fond du Lac 141.2 Calumet 48.8 

CPH-2-51 p. 22 

        

Glacier Hills Wind Park 162 Wisconsin Columbia 74.2 Randolph 22 CPH-2-51 p. 19 

Glacier Hills Wind Park 162 Wisconsin Columbia 74.2 Scott 25.4 CPH-2-51 p. 19 

        

Forward Energy 129 Wisconsin Dodge 101.4 Leroy 27.7 CPH-2-51 p. 20 
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Wind Project 

MW 

Capacity State County Pop/Sq.Mi. Township Pop/Sq.Mi. Census Reference 

Forward Energy 129 Wisconsin Dodge 101.4 Lomira 33.3 CPH-2-51 p. 20 

 

       

Forward Energy 129 Wisconsin Fond du Lac 141.2 Byron 44.9 CPH-2-51 p. 22 

Forward Energy 129 Wisconsin Fond du Lac 141.2 Oakfield 19.8 CPH-2-51 p. 23 

        

Cedar Ridge 68 Wisconsin Fond du Lac 141.2 Eden 28.7 CPH-2-51 p. 23 

Cedar Ridge 69 Wisconsin Fond du Lac 141.2 Empire 97.3 CPH-2-51 p. 23 

        

Butler Ridge  54 Wisconsin Dodge 101.4 Herman 30.5 CPH-2-51 p. 20 

        

Shirley Wind 20 Wisconsin Brown 468.2 Glenmore 34.6 CPH-2-51 p. 16 

        

Monfort Wind Farm 30 Wisconsin Iowa 31.1 Eden 10.1 CPH-2-51 p. 25 

        

Average County Pop/Sq.Mi. (Wisconsin Projects)           163.2 

Average Township Pop/Sq.Mi. (Wisconsin projects)         35.1 
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Abstract 

Thirty years of North American research on public acceptance of wind energy has produced 
important insights, yet knowledge gaps remain. This review synthesizes the literature, 
revealing the following lessons learned. (1) North American support for wind has been 
consistently high. (2) The NIMBY explanation for resistance to wind development is invalid. (3) 
Socioeconomic impacts of wind development are strongly tied to acceptance. (4) Sound and 
visual impacts of wind facilities are strongly tied to annoyance and opposition, and ignoring 
these concerns can exacerbate conflict. (5) Environmental concerns matter, though less than 
other factors, and these concerns can both help and hinder wind development. (6) Issues of 
fairness, participation, and trust during the development process influence acceptance. (7) 
Distance from turbines affects other explanatory variables, but alone its influence is unclear. 
(8) Viewing opposition as something to be overcome prevents meaningful understandings and 
implementation of best practices. (9) Implementation of research findings into practice has 
been limited. The paper also identifies areas for future research on wind acceptance. With 
continued research efforts and a commitment toward implementing research findings into 
developer and policymaker practice, conflict and perceived injustices around proposed and 
existing wind energy facilities might be significantly lessened. 
 
 

Keywords:  

Wind energy; social acceptance; support and opposition; attitudes 
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1. Introduction 

1.1 Background and Motivation 

Over the last 30 years, wind energy in North America has evolved from a fringe, isolated, experimental 

concept into a mainstream and viable source of electricity, meeting about 5% of U.S. electricity demand 

(6% in Canada) and representing the largest source of new electric capacity additions in many recent 

years (CanWEA, 2016; Wiser & Bolinger, 2016). Wind energy is widely seen as an abundant electricity 

source with the potential to provide a wide range of environmental and social benefits 

(Intergovernmental Panel on Climate Change (IPCC), 2011). State/provincial-level mandates, federal 

incentives, declining wind energy costs, and relatively favorable economics have spurred the aggressive 

North American wind deployment of the past 10–15 years (Wiser & Bolinger, 2016). 

This rapid growth in wind energy deployment will likely continue. In the United States, for example, 

recent market analysis suggests that annual wind power capacity additions are expected to continue 

rapidly in the coming five years (Wiser & Bolinger, 2016, p. 1) driven by expected lower prices (Wiser et 

al., 2016). Meanwhile, the U.S. Department of Energy’s recent Wind Vision Report, which outlines 

pathways for wind energy to provide up to 35% of the nation’s electrical demand by 2050, suggests that 

the “low hanging fruit” wind sites (those that have good wind resources and are close to loads and 

transmission, yet far from communities) have largely been developed, implying that future wind 

development likely will happen increasingly near communities. As such, the report underlines the need 

for a better understanding of the drivers of wind facility acceptance among affected communities 

(USDOE, 2015). This recommendation echoes the calls of numerous social scientists, who have 

suggested that successful implementation of U.S. wind projects relies on a deeper understanding of 

local stakeholders (e.g., Petrova, 2013). 

Multiple facets of acceptance can impact the deployment of renewable energy projects. Wüstenhagen 

et al. (2007) point to three dimensions: Sociopolitical acceptance (acceptance of policymakers and key 

stakeholders), market acceptance (acceptance of investors and consumers), and community acceptance 

(pertaining to procedural justice, distributional justice, and trust). However, as Sovacool (2009, p. 4511) 

points out, these social, technical, economic, and political dimensions of acceptance all influence each 

other in an integrated, “pernicious tangle.” For example, community acceptance of wind energy can 

affect market acceptance and vice versa. Indeed, this has been the case when local opposition has 

delayed or derailed proposed wind projects (Corscadden et al., 2012; Fast, 2015; Shaw et al., 2015). For 

years, debates around wind energy acceptance in North America focused on sociopolitical and market 

acceptance, pertaining largely to technological innovation, economic incentives, and impacts on the 

operations and resiliency of the electric grid, with less attention paid to societal impacts (Lantz & 

Flowers, 2011; Phadke, 2010). However, the rapid growth of North American wind energy has increased 

the footprint of wind developments, increasing local conflicts and bringing the issue of community 

acceptance to the forefront (Lantz & Flowers, 2011). 

Despite broad public support for wind energy in general, local wind developments have been 

challenged by vocal opposition within host communities (Bidwell, 2013; Bohn & Lant, 2009; Lantz & 
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Flowers, 2011). In the early days of U.S. wind power, opposition and negative attitudes dismayed the 

industry, who expected local acceptance to be consistent with the favorable opinions toward wind 

power generally (Pasqualetti, 2001). Ever since opposition and negative attitudes emerged around 

some of the earliest experimental wind farms in California, researchers have tried to understand and 

characterize wind energy acceptance (see Bosley & Bosley, 1988; Pasqualetti & Butler, 1987; Thayer & 

Freeman, 1987). Community acceptance is now widely perceived by wind energy practitioners as a 

significant barrier to deployment of renewable energy (Lantz & Flowers, 2011). 

Research interest in the public acceptance of wind energy has surged along with surging wind energy 

growth in North America. After three decades (1987–2017) of North American scholarship in this field, 

what have we learned, how can these lessons be applied, and what aspects should researchers focus on 

next? 

This review synthesizes the findings from more than 100 papers on wind energy acceptance published 

over the past 30 years, with a specific focus on the North American set of literature.  

1.2 Justification for North American Focus 

The North American1 body of wind energy acceptance literature merits this its own review, distinct 

from the literature of Europe (which represents a vast body of literature; see, e.g. Ellis & Ferraro (2016)) 

and other regions. Social acceptance is highly context dependent, and Canada and the United States 

share many aspects of culture, national energy policy and economics, population density, land use 

policy, wind energy development processes, and wind project ownership models that are distinct from 

Europe and the rest of the world.  

North America currently represents nearly 1/5 of global installed wind energy capacity (Global Wind 

Energy Council (GWEC), 2017), and the growth rate of that capacity over the past 15 years is markedly 

faster in North America than in Europe. Since 2002, installed capacity has increased nearly twenty-fold 

in North America, compared to a seven-fold increase in Europe (AWEA, 2003; Global Wind Energy 

Council (GWEC), 2017). This rapid growth of land-based wind energy in North America may result in 

amplified impacts to host communities that should be studied independently from the European 

context, where onshore development has been slower in recent years. Similarly, the sluggish growth of 

offshore wind energy in North America may also indicate economic, environmental, cultural, and visual 

concerns that are unique from European experience and worthy of independent study. The first 

offshore wind farm in North America, a 30-Megawatt project, was installed in 2016, while over 12.6 

Gigawatts had been installed in Europe by the end of the same year (Global Wind Energy Council 

(GWEC), 2017). The density of population in Europe, coupled with the density of land-based wind 

turbines, places a greater proportion of the European population in closer proximity to turbines 

compared to North America, which may conceivably influence aspects of acceptance.  

North America is largely electricity independent with domestic reserves of coal, natural gas, uranium, 

                                                             
1 Very few studies from Mexico were found when preparing this review. The vast majority of papers reviewed herein 

focus on Canada and the United States.  
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hydropower, and other energy resources, whereas Europe is a net importer of fuels for electricity 

generation. These relatively cheap, domestic energy resources create steeper market competition and 

different economic conditions for wind deployment in North America compared to Europe. The 

European Union’s Emissions Trading Scheme (EU ETS) represents an EU-wide, comprehensive climate 

policy; quite distinct from the state- or province-level energy and climate policies previously seen in 

North America. These are important differences in aspects of market and sociopolitical acceptance 

(both of which influence community acceptance, as described above) between North America and 

Europe. 

Finally, community ownership and investment models are much less common in North America than in 

Europe (Bolinger, 2005; Ferguson-Martin & Hill, 2011; Sovacool & Ratan, 2012). In the United States, 

federal production incentives for wind energy have required a significant tax liability, tipping the scales 

toward large private developers of wind projects (Bolinger, 2005). Some studies have demonstrated 

that community ownership is correlated to higher support and more positive attitudes toward wind 

energy in Europe and other regions (Krohn & Damborg, 1999; Maruyama et al., 2007; Petrova, 2013; 

Warren & McFadyen, 2010). One may reasonably expect some differences in perceptions and 

acceptance of wind energy in North America in relation to the low level of community ownership in the 

region.  

Despite this explicit geographic focus, a number of European papers are included in this review where 

those papers either introduce a novel concept or explanation that has since been studied in the North 

American context (e.g., place attachment theory), or point out broad aspects of the field of study of 

wind energy acceptance such as biases and limitations in previous research (see Section 4).  

The following section outlines the methodological approach to reviewing the North American body of 

wind acceptance research. Section 3 provides a brief history of North American wind acceptance 

research to frame the papers discussed in this review. Section 4 discusses the limitations of previous 

research that have hindered meaningful understandings. Section 5 examines in detail the dominant 

explanations and overarching aspects of wind energy acceptance in the North American context. 

Section 6 provides a high-level summary of lessons learned from 30 years of research. Finally, Section 7 

identifies gaps and areas where future research on the public acceptance of North American wind 

energy should focus. 

2. Method of Literature Review 

2.1 Selection of Publications to Review 

The goal of this review was to broadly represent the body of research on wind energy acceptance 

undertaken in North America. Papers were initially solicited from a panel of five researchers in the field 

of wind energy acceptance in October, 2014. Additional papers were selected from internet searches 

using Google Scholar and Scopus2 and from those cited in the papers (i.e. “snowballing”). Internet 

                                                             
2 See https://www.elsevier.com/solutions/scopus 
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searches focused on the most recent studies, 2014 and later, which were less well represented in the 

panel solicitation.  

The solicitation and searches focused on papers written by authors with North American affiliations 

and/or research pertaining to North American wind facilities. Although the United States and Canada 

are well represented in this review, very few papers from Mexico were found in the literature. The 

review focuses on peer-reviewed journal articles, but some books are included as well as some grey 

literature, primarily in the form of government-sponsored reports. There was no restriction placed on 

the date range of the papers selected for review. The earliest relevant North American studies were 

published in 1987, with a clear growing trend in publications per year in this field through 2016 (see 

Figure 1). Selected papers represent a broad range of published years in order to capture the evolution 

in this body of literature over time.  

Papers were selected to represent a broad array of themes and variables that are examined by their 

authors, as well as diversity in the research approach and methods employed. The array of acceptance-

influencing variables examined in these papers is outlined in Table 1 of the Appendix. The research 

methods and approaches utilized by the studies examined in this review are outlined in the Appendix 

Table 2. These tables not only summarize the literature reviewed in this paper, but also serve to clearly 

illustrate particular explanatory variables and research methods that have been applied in the North 

American literature, thus elucidating gaps.  

 
Figure 1: North American wind energy acceptance papers, 1987-2016. Data source: Scopus3 

 

  

                                                             
3 This search was conducted using the Scopus database on April 25, 2017 using the following search string: TITLE-ABS-

KEY ( "wind energy"  AND  ( public  OR  acceptance ) )  AND  ( LIMIT-TO ( AFFILCOUNTRY ,  "United States " )  OR  LIMIT-

TO ( AFFILCOUNTRY ,  "Canada " ) OR  LIMIT-TO ( AFFILCOUNTRY ,  "Mexico " )) 
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2.2 Data Collection, Coding, and Qualitative Analysis of Papers 

As each paper was read, it was entered into a detailed summary matrix to catalog the year, research 

questions, methods, analysis techniques, location, wind energy statistics (if applicable), sample size, 

explanatory variables examined, major conclusions, and additional research recommendations of each 

study.  

These data became the framework for qualitative content analysis of the papers, which relied on 

interpreting the results, discussions, conclusions, and significant explanatory variables identified in the 

papers. This qualitative analysis led to the creation of the major themes detailed in Section 5, as well as 

the lessons learned outlined in Section 6, and the recommendations for further research discussed in 

Section 7 of this paper.  

For quantitative studies, themes were identified by explanatory variables that were found to have a 

statistically significant effect on attitudes, support, or opposition. However, in some cases, a major 

contribution of particular papers was to not find a statistically significant effect of certain variables. 

Those were also included in the broad themes of this review. Similarly with qualitative and mixed-

methods studies, the themes emerging from interviews, focus groups, and content analyses were 

categorized among the dominant themes identified in the broader body of literature. Table 1 of 

Appendix A summarizes these major explanatory themes that emerged from the literature, and 

identifies which papers from this review address each theme. 

From the body of papers selected for this review, six overarching themes explaining attitudes and/or 

support and opposition toward wind energy emerged. Within each theme, a number of sub-themes 

also existed. These explanatory themes (along with their sub-themes) are analyzed and summarized in 

detail in Section 5 of this paper. The results and major conclusions of each paper are examined and 

contrasted to each other within each theme or explanatory group. The purpose of this analysis was to 

identify those explanatory variables with either broad agreement or considerable disagreement among 

the studies reviewed. Agreement among numerous studies would represent lessons learned (Section 6), 

where considerable disagreement (or a lack of research) may indicate a need for further research 

and/or suggestions for new methodologies (Section 7).  

3. A Brief History of North American Wind Energy 
Acceptance Research 

Academic research seeking to understand the acceptance of North American wind energy began in 

earnest shortly after some of the first experimental wind farms were installed in California in the 1980s. 

Surveys by Pasqualetti and Butler (1987) and Thayer and Freeman (1987) found a range of opinions 

among nearby residents, with negative attitudes most closely correlated with feelings of aesthetic 

degradation and frustration about non-functioning (i.e., non-spinning) turbines. Drivers of negative 

attitudes cited by Bosley & Bosley (1988) include a lack of knowledge about wind energy’s “maturity” 

among opponents along with a failure on the part of the wind industry to communicate properly with 

affected parties. Gipe (1995) dedicated a full chapter to turbine aesthetics and community acceptance 
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in his book, Wind Energy Comes of Age. Gipe specifically addresses aesthetic design, turbine reliability, 

the pace and process of planning and development, the distribution of costs and benefits (i.e., 

compensation), and community ownership models as potential determinants of acceptance (Gipe, 

1995). These early studies led the way for three decades of scholarship in the field of wind energy 

acceptance. 

According to this literature, wind energy has been viewed favorably throughout North America over the 

past 30 years, with 70%–90% of those surveyed approving of wind energy generally (Bidwell, 2013; Klick 

& Smith, 2010; Vyas & Hurst, 2013) and that approval remaining high over time (Vyas & Hurst, 2013). 

Support also has been high among residents of communities where wind projects have been proposed 

but not yet built (Firestone et al., 2009; Firestone et al., 2012a; Mulvaney et al., 2013b). In studies of 

people near existing wind facilities, 70%–90% of respondents express positive or neutral attitudes 

(Baxter et al., 2013; Fergen & Jacquet, 2016; Mulvaney et al., 2013b; Pasqualetti & Butler, 1987; 

Petrova, 2014; Slattery et al., 2012). Nonetheless, the 10%–30% of individuals who do not support 

proposed wind developments or hold negative attitudes toward existing facilities—as well as the 

factors influencing those positions—are of strong interest to the research community. Many 

researchers also seek to identify ways to minimize negative factors from existing and future wind 

developments. 

In any case, opposition to wind development and negative attitudes toward existing wind installations 

are normal, and they likely will exist as long as wind facilities exist. The same can be said about other 

large construction projects. Transmission lines, landfills, and parks are among the types of projects that 

have been opposed (Gipe, 1995), and some people even protested the location and appearance of the 

Statue of Liberty (Petrova, 2013). Every component of our current electrical system was the product of 

social negotiation and compromise, including over “17,000 conventional generators, 250,000 miles of 

high voltage transmission lines, thousands of substations,” and much more (Sovacool, 2009, p. 4502). 

The rich body of research on wind energy acceptance spans myriad disciplines, from psychology and 

health science to economics and political ecology. During the three decades of study that produced this 

literature, public acceptance of wind energy “has gone from a marginal and little studied point of 

discussion to be at the forefront of broader debates in the social sciences” (Fournis & Fortin, 2016, p. 

1). The study of wind energy acceptance has evolved considerably over this time. While early studies 

were exploratory and anecdotal, the statistical rigor of analysis, the application of diverse methods, and 

the development of complex theoretical frameworks have all improved over time. 

Accordingly, the North American literature has coalesced around the need to understand two primary 

dependent variables or outcomes of interest related to wind energy acceptance: level of 

support/opposition, and attitudes. This paper distinguishes these two variables by using the terms 

“support” and “opposition” when discussing proposed or hypothetical wind facilities (pre-construction) 
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and “positive and negative attitudes” when discussing existing wind facilities (post-construction).4 Each 

of these variables has a range (e.g., from support to oppose or from positive to negative) that are 

typically expressed in five-point Likert scales. The literature has similarly coalesced around a number of 

overarching explanatory variables, which influence or explain changes in these dependent variables. 

The major explanatory variables in the North American wind acceptance literature are detailed in 

Section 5. 

4. Limitations of Previous North American Wind Acceptance 
Research 

This section describes a number of fallacies, biases, and limitations that have pervaded previous North 

American wind acceptance research. In some cases, these biases and limitations have prevented 

meaningful understandings and obstructed implementation of research findings and recommendations 

among developers and policymakers. Where appropriate, recommendations for future research are 

noted briefly, which are later summarized in sections 6 and 7. 

From early surveys of residents near California wind farms (Bosley & Bosley, 1988) until today, 

opposition and negative attitudes toward wind energy have commonly been described by developers, 

politicians, and researchers as not-in-my-backyard (NIMBY) resistance (Petrova, 2013). The NIMBY 

concept posits that individuals favor wind energy generally but not in their local context—not in their 

“backyard.” NIMBY also has been studied for decades in the context of nuclear energy and other 

hazardous facilities as well as social facilities such as prisons and mental health institutions (Wolsink, 

2000).  

However, many researchers now agree that the NIMBY framework is overly simplistic and unable to 

explain the complex motivations, concerns, and perceptions that can lead to opposition and negative 

attitudes (Devine‐Wright, 2005; Petrova, 2013). Firestone et al. (2012b) stress that NIMBY resistance 

may be a result of opposition, rather than an explanation of it. Moreover, the term is generally used 

pejoratively (Kempton et al., 2005). A study in Texas concludes that NIMBY is “politically inappropriate 

and can often lead to misunderstanding, adding little value to the decision-making process” (Swofford 

& Slattery, 2010, p. 2516).  

Social science researchers now generally agree that the language and concept of NIMBY as an 

explanation for wind energy opposition should be abandoned altogether5 (Devine‐Wright, 2005; 

Petrova, 2013; Wolsink, 2006, 2012).  

Another problem with the literature is positivist language toward wind energy, which some researchers 

                                                             
4 In some studies, residents near existing facilities are asked about their level of support for additional wind development 

in the area. The distinction between “attitudes” toward the existing facility and “support” for additional development still 

applies in these cases.  
5 Based on ample evidence that the NIMBY explanation is problematic and unhelpful, this paper discards the term and 

instead focuses on examining other proposed explanations and correlates of wind energy acceptance. 
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have argued may reduce the quality and reliability of research and may prevent meaningful 

understandings of public acceptance (Aitken, 2010; Ellis et al., 2007). European researchers such as 

Aitken (2010), Ellis (2007), and Taebi (2016) have criticized researchers who portray wind energy 

opponents as “deviant” and seek to understand opposition merely to “overcome” it, but this criticism 

of positivist research has not been highlighted or examined to the same degree by North American 

researchers. It has been suggested that instead of focusing on the reasons for negativity toward wind 

energy, some researchers have sought methods to ensure approval (Taebi, 2016). According to Ellis et 

al. (2007, p. 536), this positivist lens has led to “poor explanatory findings, which in turn has resulted in 

ineffective policy.” Songsore and Buzzelli (2014) stress that focusing only on mitigating resistance 

neglects important community concerns and may lead to negative consequences. Positivist language in 

the literature may include, for example:  

 Statements that favor the needs of the wind industry over opponents, such as: “without public 

support in communities across the country, the industry's ability to build wind farms where it 

needs them may be hindered by nimbyism” (Klick & Smith, 2010, p. 1590) 

 Statements that suggest opposition is a barrier that must be overcome and opponents are 

deviant, such as: “social barriers are blocking our way. That is to say, people are creating the 

problems, not technology” (Pasqualetti, 2011b, p. 202) 

 Suggestions that the motivation of wind energy acceptance research is to help meet federal or 

state level renewable energy goals (e.g., Mulvaney et al., 2013)  

Such positivist language has appeared regularly in the U.S. research to date (such as: Gipe, 1995; Klick & 

Smith, 2010; Olson-Hazboun et al., 2016; Pasqualetti, 2011b; Sovacool, 2009), but is less present in 

prominent Canadian research (such as: Baxter et al., 2013; Fast et al., 2016; Shaw et al., 2015; Walker et 

al., 2014b, 2014c), and rare in research rooted in humanistic geography (such as: Abbott, 2010; Phadke, 

2013; Walker et al., 2014b), which tends to express more empathy toward affected communities.  

Researchers should cautiously avoid a positivist research lens. 

Many North American wind energy acceptance studies have focused on hypothetical or proposed wind 

facilities, rather than existing facilities. Although asking individuals about their opinions toward 

hypothetical or proposed wind facilities can help answer certain research questions (e.g., about 

facilities, like offshore U.S. wind farms, that do not yet exist), these studies cannot reflect the unique 

feelings and experiences of residents living near existing turbines. Moreover, many studies around 

existing wind projects have not adequately examined the population living nearest to the turbines by 

oversampling and/or isolating the nearest residents for unique analyses (such as: Baxter et al., 2013; 

Bidwell, 2013; Fergen & Jacquet, 2016; Groth & Vogt, 2014; Olson-Hazboun et al., 2016; Pasqualetti & 

Butler, 1987; Petrova, 2014; Slattery et al., 2012; Thayer & Freeman, 1987). As such, numerous 

researchers have called for research focusing on residents closest to wind turbines (Hoen et al., 2011; 

Walker et al., 2014a). It is especially important that this group be represented in acceptance research, 

because it is most likely to be affected by wind facilities. 

The vast majority of North American studies focus on only one or a few locations or wind facilities, so 

results cannot be generalized to the wider population living near wind turbines (e.g. Baxter et al., 2013; 
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Bidwell, 2013; Firestone & Kempton, 2007; Firestone et al., 2012b; Groothuis et al., 2008; Groth & Vogt, 

2014; Olson-Hazboun et al., 2016; Pasqualetti & Butler, 1987; Petrova, 2014; Slattery et al., 2012; 

Thayer & Freeman, 1987). Some of these studies have used convenience samples rather than robust 

random samples, further limiting their external validity (e.g. Landry et al., 2012; Mulvaney et al., 2013b; 

Walker et al., 2014c). Fast and Mabee (2015, p. 27) suggest that this qualitative, case-study nature of 

wind acceptance research “does not translate well to conventional policy making.” The dominance of 

these discrete case studies with poor comparability between them has recently led some European 

researchers to question whether wind acceptance research is “running out of steam” (Ellis & Ferraro, 

2017). 

There are considerable challenges and costs to developing and deploying research that is broadly 

representative across large regions like North America, making such studies out of reach for most 

researchers. Case studies may still add considerable insights and value in the North American context, 

but the value of these studies could be compounded through comparison. Future research might 

attempt to standardize some survey items and protocols in order to enable comparison of data across 

multiple case studies.  

Nationwide surveys of wind acceptance in the United States and Canada ask only very broad questions, 

for example, about levels of support for wind energy generally. These broad surveys typically find high 

levels of support and positive attitudes (Ipsos, 2010; Leiserowitz et al., 2014; Vyas & Hurst, 2013), but 

they tell us little about why respondents feel the way they do. Some researchers have even called into 

question the validity of such general opinion polls (Aitken, 2010). 

It would be useful to examine wind energy acceptance in concert with acceptance of other energy 

sources—like coal, nuclear, natural gas, and solar—but this has rarely been done. A notable exception is 

the work of Jeffery Jacquet, whose studies examine attitudes toward and perceived impacts of wind 

energy and natural gas developments, finding more polarized and negative attitudes and larger 

perceived impacts (both negative and positive) related to natural gas developments (Jacquet, 2012; 

Jacquet & Stedman, 2013). 

The successful implementation of thirty years of research findings into developer and policymaker 

practice over the past has also been limited. As Zaunbrecher and Ziefle (2016, p. 312) state, “many 

factors that influence the social acceptance of wind power plants are already known. However, a 

conceptual framework for wind power plant planning that integrates these factors as well as the 

method of assessing them is still missing.” Frameworks for wind project planning that increase 

community engagement and reduce conflict, such as those developed by Petrova (2016) and Jami & 

Walsh (2017), could continue to be developed and examined.  

Despite these limitations, the North American wind acceptance literature has contributed significantly 

to the state of knowledge, and has evolved iteratively over the past 30 years, with improving rigor of 

research over time. The literature’s major findings and contributions are summarized in the following 

section. 
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5. Overarching Aspects and Explanatory Variables in North 
American Literature 

The North American literature reveals two primary dependent variables related to wind energy 

acceptance: level of support/opposition and attitudes among residents living near proposed or existing 

wind facilities. Among the explanatory variables that researchers correlate to those dependent 

variables, six overarching themes emerge: (1) socioeconomic aspects (including compensation); (2) 

sound annoyance and health risk perceptions; (3) visual/landscape aspects, annoyance, and place 

attachment; (4) environmental concerns and attitudes; (5) perceptions of planning process, fairness, 

and trust; and (6) distance from turbines (proximity hypothesis). Each theme is detailed below.  

5.1 Socioeconomic Aspects 

Individuals express a great deal of positive and negative concern over the socioeconomic aspects of 

wind facilities. Some studies find anticipated economic effects to be the variable most strongly 

influencing support or opposition to proposed wind developments as well as positive or negative 

attitudes toward existing sites (Bidwell, 2013; Brannstrom et al., 2011; Slattery et al., 2012; Songsore & 

Buzzelli, 2015). 

 Positive economic aspects 5.1.1

Positive economic aspects of wind energy development include rural economic development (Mulvaney 

et al., 2013b) including creation of jobs and other economic opportunities (Slattery et al., 2012), local 

tax revenue and/or lower tax rates for individuals (Slattery et al., 2012), increased tourism (Groth & 

Vogt, 2014), reduced electricity rates (Baxter et al., 2013) and landowner compensation (Jacquet, 

2012). Landowner compensation, however, is not a universally positive socioeconomic impact for 

individuals living near turbines. It may create perceptions of “winners” and “losers” (Firestone et al., 

2012b) and increase intra-community conflict (Baxter et al., 2013; Walker et al., 2014b). Compensation 

can even be seen as a form of bribery (Gipe, 1995). Having some form of compensation for nearby 

residents that are not hosting turbines on their land may lesson conflict and notions of winners and 

losers. For example, non-monetary, non-individual compensation such as the creation of dedicated 

wildlife habitats or support of community projects was supported by non-hosting community members 

in one study (Groth & Vogt, 2014). Other research suggests that non-hosting community members 

prefer public compensation over private compensation (García et al., 2016). Another form of 

compensation that has been examined is community investment in or ownership of wind facilities. 

Local ownership enables more equitable distribution of financial benefits as well as a higher degree of 

participation and influence in the development of a wind facility (Fast et al., 2016). This model has been 

shown to increase support in the European context, but little evidence exists in the North American 

context where community ownership remains rare (Bolinger, 2005; Ferguson-Martin & Hill, 2011; 

Sovacool & Ratan, 2012). In general, more research is needed to understand appropriate and 

acceptable compensation mechanisms for individuals and communities. 
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 Negative economic aspects 5.1.2

Perceived negative socioeconomic impacts include reduced property values (Abbott, 2010; Firestone & 

Kempton, 2007; Hoen et al., 2015), decreased tourism (Landry et al., 2012; Lilley et al., 2010; Lutzeyer, 

2013), increased traffic (Slattery et al., 2012), exacerbating economic inequality (Walker et al., 2014b, 

2014c), impacts to fishing and other recreational opportunities (Firestone et al., 2009), and increased 

electricity rates (Baxter et al., 2013). Impacts on electricity rates are seen as a two-sided coin, with 

supporters citing reduced rates and opponents citing increased rates (Firestone et al., 2012a). Although 

nationwide and state-level studies in the United States have not found evidence of consistent, 

measurable, or significant reductions in home values near operating wind facilities (Hoen & Atkinson-

Palombo, 2016; Hoen et al., 2015; Lang et al., 2014), the perception or belief of property value impacts 

may still affect acceptance of wind (Abbott, 2010; Walker et al., 2014a). Additionally, there is evidence 

that home-value effects might exist in the U.S. (Heintzelman & Tuttle, 2012) and Canadian (Fast et al., 

2015) contexts, and there is growing evidence that effects exist in the European context (e.g. Dröes & 

Koster, 2016; Gibbons, 2015; Jensen et al., 2014). More research in this area could not only untangle 

conflicting results, but also increase understanding of how perceptions of property value impacts 

influence acceptance. 

 Distributional justice 5.1.3

The distribution of the costs and benefits of wind energy developments, broadly referred to as 

distributional justice, has been widely studied in the literature. Survey respondents consistently express 

concern that the energy and economic benefits produced from local wind facilities do not stay local and 

benefit local residents (Baxter et al., 2013; Groth & Vogt, 2014). Some studies have shown angst and 

opposition toward multinational corporate wind developers (Pasqualetti, 2011a; Petrova, 2013), and 

Firestone and Kempton (2007) demonstrate that support would increase for a proposed wind facility if 

it were being developed by the local government, rather than a private developer. The inability of local 

community members to invest or share ownership in wind energy developments has been cited as a 

factor in negative attitudes (Songsore & Buzzelli, 2015). 

Unfair distribution of costs and benefits may lead to intra-community and/or rural-urban conflicts 

(Hirsh & Sovacool, 2013; Larson & Krannich, 2016; Pasqualetti, 2000; Phadke, 2013; Rule, 2014; 

Sovacool, 2009; Walker et al., 2014c) or injustices toward indigenous communities (Huesca-Pérez et al., 

2016). Phadke (2013, p. 248) summarizes this conflict: “Rural communities at the forefront of new 

energy development are asking why they are disproportionately being asked to carry the weight of the 

new carbon economy while urban residents continue their conspicuous use of energy.” Rural residents 

may also feel exploited by urban, multinational, corporate project developers seeking profits over 

public welfare (Petrova, 2013; Sovacool, 2009). Thus, some individuals who oppose or hold negative 

attitudes toward wind facilities may be fighting against a feeling of injustice as they find themselves on 

the front lines of development impacts while still on the margins of politics and economic opportunity. 

On the other hand, rural-urban conflicts may also propagate when the local, rural residents support the 

wind facility. Sovacool (2009, p. 4510) suggests that, in some cases, “rural [longstanding] residents want 

renewable power projects for their own use, as a vehicle for economic development, and resent what 

seems like meddling by urban [newly arrived] residents intent on preserving the countryside for its 
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scenic and recreational value.” 

Perceived socioeconomic impacts are at the forefront of concerns for many individuals living near 

existing and proposed wind facilities, but those perceived impacts and the ways they influence 

acceptance are complex. More research is needed to understand inter- and intra-community conflicts, 

the effects of and community responses toward compensation mechanisms, and the relationships 

between perceived economic impacts and perceived fairness of planning processes and outcomes. 

5.2 Sound Annoyance and Health Risk Perceptions 

 Annoyance from wind turbine sound 5.2.1

Some studies have correlated turbine sound with annoyance, which may be associated with sleep 

disturbance, negative emotions, or other health-related effects (Knopper & Ollson, 2011; Knopper et 

al., 2014; Michaud et al., 2016a). The annoyance experienced by people living near utility-scale wind 

facilities is correlated to more negative attitudes (Fast et al., 2016; Firestone et al., 2015). This 

annoyance, however, may be more strongly correlated to other characteristics rather than wind turbine 

sounds (McCunney et al., 2014). In Europe, Pedersen & Waye (2004), showed that residents’ level of 

annoyance with wind turbine sound is strongly influenced by their level of annoyance with the visual 

impact of turbines (discussed in section 5.3.1), yielding higher annoyance with turbine sound compared 

with dose-response curves from other, non-turbine sound emissions, such as transportation noise. This 

result deserves further study in the North American context. 

Some research has demonstrated that annoyance and complaints decline with increased distance from 

turbines (Kaliski & Neeraj, 2013; Nissenbaum et al., 2012), but there is no general consensus about the 

setback distance required to minimize or mitigate annoyance (Nissenbaum et al., 2012) as distance is 

just one component of how sound from turbines propagates to nearby residents. Accordingly, 

researchers (and stakeholders in general) often rely on a sound-specific  threshold to reduce annoyance 

and stress impacts and concerns from local residents, which is commonly 40-45 dBA6 (Knopper & 

Ollson, 2011; Knopper et al., 2014; Paller, 2014; Phadke, 2013). The World Health Organization 

recommended a maximum of 45 dBA outside of homes during night hours (World Health Organization, 

1999), but that recommendation was revised for the European Union in 2009 to 40 dBA (World Health 

Organization, 2009). This sound level has been compared to the sound level of a quiet office, library, a 

computer, or a refrigerator in a nearby room7. In a recent comprehensive study of measured wind 

turbine sound levels and reported health effects, turbine noise reached a maximum of 46 dBA and a 

mean of 35.6 dBA for 1,238 residents living between 0.25 – 11.22 kilometers from operational wind 

turbines in Canada (Michaud et al., 2016b). 

Although sound levels comparable to a quiet office or library may not be annoying to most people, 

studies have suggested that wind turbine noise is considered annoying at much lower sound levels than 

those causing annoyance from other sources (Janssen et al., 2011). Some recent research has attributed 

                                                             
6 dBA = A-weighted decibels, a measure of loudness as perceived by the human ear. Measurements are typically average 

nighttime levels outside homes, and do not include ambient noise.  
7 For example dBA comparisons, see e.g., http://www.rlcraigco.com/pdf/dba-comparison.pdf  
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this to the amplitude modulation (i.e. swishing or thumping) of turbine sounds (Yoon et al., 2016), 

however this has not been rigorously examined in the North American context.  

  Health effects of wind turbine sound 5.2.2

Recent epidemiological research concludes that wind turbine sound and infrasound8 are not directly 

related to adverse human health effects (Knopper & Ollson, 2011; Knopper et al., 2014; Michaud et al., 

2016a) or sleep quality (Michaud et al., 2016b). Some research attributes wind-related health 

symptoms to the “nocebo” hypothesis, in which the expectation of negative health effects influences 

symptoms experienced (Knopper et al., 2014). 

Nonetheless, the perception of health risk clearly reduces support for wind facilities (Baxter et al., 2013; 

Magari et al., 2014), and some wind opponents may feel that potential health risks are not adequately 

addressed (Songsore & Buzzelli, 2014). Walker et al. (2014c, p. 1) suggest a move beyond debating 

“whether or not ‘annoyance’ represents a ‘health impact’ and instead focus[ing] on ways to minimize … 

feelings of threat and stress at the community level.” Similarly, Fast et al. (2016, p. 3) conclude that 

“rather than dismissing health claims as groundless or inconsequential, policy-makers should take a 

precautionary approach so as to more thoroughly address the factors that contribute to frustration on 

the part of host communities.” If community concerns and expectations regarding sound and health 

impacts are not adequately addressed, a portion of the population may remain annoyed even after 

noise limits are enforced (Knopper et al., 2014). 

Although there is a demonstrated correlation between wind facility sound, annoyance, and negative 

attitudes, more research is needed to understand these relationships. Topics that must be explored 

include measured (or modeled) sound and reported annoyance levels; types of sounds that are 

particularly annoying; the relationships among sound, annoyance, and respondents’ distance from 

turbines; and the influence of other variables such as visual annoyance, place attachment, procedural 

fairness, and respondent characteristics. 

5.3 Visual/Landscape Aspects, Annoyance, and Place Attachment 

Visual impacts and landscape change are some of the most frequently cited correlates to reduced 

support of proposed wind projects and negative attitudes toward existing wind facilities. In general, 

visual and landscape concerns relate to a desire of communities to protect local landscape quality and 

identity in the face of change (Phadke, 2010).  

 Aesthetics and Annoyance 5.3.1

Numerous studies have indicated that the diminution of scenic beauty due to existing or proposed wind 

facilities may contribute to annoyance and is often linked to negative attitudes or reduced support 

(Bosley & Bosley, 1988; Bush & Hoagland, 2016; Gipe, 1993, 1995; Jacquet & Stedman, 2013; 

Pasqualetti & Butler, 1987; Pasqualetti et al., 2002; Phadke, 2010; Rule, 2014). Visual annoyance may 

                                                             
8 Infrasound is sound at frequencies lower than 20 Hz, which may be emitted by wind turbines as well as a number of 

other sources.  
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also result from “shadow flicker” created near turbines as sunlight passes through the blades of wind 

turbine in motion (Rule, 2014). Knopper & Ollson (2011) conclude that annoyance and self-reported 

health effects are more strongly related to visual impacts than to sound from wind facilities. Some 

researchers have suggested guidelines or best-practices for minimizing visual impacts of wind 

developments (Apostol et al., 2016; Pasqualetti et al., 2002); visual impact guidelines have also been 

suggested by U.S. (National Academy of Sciences (NAS), 2007; Sullivan et al., 2012) and Canadian (BC 

Ministry of Forests, 2016) government organizations.  

New wind development in North America now routinely includes some form of visual impact 

assessment, typically in the form of computer-generated visual simulations of what a wind facility may 

look like from various vantage points (Apostol et al., 2016; Phadke, 2010). Phadke (2010, p. 17) argued 

that the visualizations created by wind energy developers and project opponents alike are an 

“immature policy craft”, are inherently political, and encoded with cultural values. As such, they may 

further polarize opinions rather than providing useful information to community stakeholders. 

However, Apostol et al. (2016) suggest useful guidance and techniques to improve such visualizations 

and enhance their usefulness. 

Negative attitudes stemming from the visual impacts of wind turbines may not occur simply because 

people dislike how turbines look; people also have become accustomed to an electricity system that is 

essentially “invisible” to consumers owing to centralized infrastructure typically sited far from 

population centers (Pasqualetti, 2000; Sovacool, 2009). As Sovacool (2009, p. 4509) states, “the physical 

‘removal’ of power stations from most cities and neighborhoods also ‘removes’ them from the minds of 

most Americans, and contributes to public apathy and misunderstanding.” Until recently, “electric 

generators were usually built in obscure locations, perceptible only to a few people. But wind turbines, 

by their very nature, require a highly dispersed and visible distribution, often in attractive and unspoiled 

areas” (Hirsh & Sovacool, 2013, p. 724). 

On the other hand, visual impacts are not universally negative; there is some evidence for positive 

visual and symbolic perceptions from wind facilities (e.g., Brannstrom et al., 2011; Firestone et al., 

2015; Mulvaney et al., 2013a; Phadke, 2010). 

The rotational motion of wind turbines has been another topic of study. Early studies found that 

perceptions that turbines were “unreliable” or often not operating were correlated to negative 

attitudes and concerns about tax fraud (Gipe, 1993; Pasqualetti & Butler, 1987; Thayer & Freeman, 

1987). More recently, Fergen and Jacquet (2016) found that respondents believed nearby turbines were 

more beautiful when the turbines were in motion, which they attribute to notions of economic 

productivity of turbines in motion compared to lost economic opportunity of motionless turbines. 

 Visual impacts and economics 5.3.2

Some researchers have highlighted visual impacts from wind turbines in choice experiments or other 

economic modeling techniques. For example, some property value impact studies use distance and 

views of the turbines as correlates (e.g. Hoen et al., 2011; Jensen et al., 2014). Some residents may be 

willing to pay to minimize the perceived negative visual impacts of proposed wind facilities (Boatwright, 
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2013; Groothuis et al., 2008; Krueger et al., 2011; Pasqualetti, 2001). Visual impacts have even been 

framed as a property-rights infringement in some cases (Abbott, 2010). 

 Place Attachment 5.3.3

Threats to place attachment—an emotional bond between individuals and the familiar locations they 

inhabit—are highlighted as a correlate in European literature (Devine-Wright, 2009; Devine-Wright & 

Howes, 2010). Under the place attachment theory, landscape impacts extend beyond aesthetics into 

the identities, connections, and meanings that individuals form with a particular location (Devine-

Wright, 2009). Some North American studies also emphasize the role of place attachment in influencing 

wind energy acceptance (Bidwell, 2013; Fast & Mabee, 2015; Firestone et al., 2009), but Jacquet and 

Stedman (2013) found that place meanings seemed to have little or no association with acceptance of 

wind development in their Pennsylvania study. Future research in North America should continue to 

examine the influence of place attachment on acceptance. 

Visual impacts are a widely studied, well-documented correlate to wind energy acceptance. Requiring 

further study, however, are the extent to which visual impacts influence other explanatory variables 

and vice versa (e.g., sound); the mechanisms behind positive visual perceptions; the effects of distance 

and physical geography on visual annoyance; the effect of different degrees of visual impacts (such as 

seeing the full sweep of turbine blades from the home vs. only a portion of the turbine); the frequency 

individuals see the turbines; and the role of planning process fairness and/or participation in 

diminishing or mitigating visual annoyance.  

5.4 Environmental Concerns and Attitudes 

Numerous researchers have noted that, in wind power siting debates, both supporters and opponents 

base their arguments on environmental concerns. These so-called “green vs. green” debates typically 

revolve around local environmental harms (e.g., wildlife, landscape, and noise impacts) versus regional 

or global benefits (e.g., climate change mitigation and air pollution reduction) (Firestone et al., 2009; 

Warren et al., 2005). As such, some studies have found pro-environmental beliefs and values to 

correlate positively with support for wind energy (Larson & Krannich, 2016; Mulvaney et al., 2013b), 

while others have found the opposite (Fergen & Jacquet, 2016). Research has also shown that 

environmental beliefs may correlate to support for wind energy broadly, but that support may not exist 

when the same individuals are asked about local wind energy development (Larson & Krannich, 2016). 

In some cases, individuals with stronger environmental attitudes may prioritize the conservation of 

“natural” landscape over the benefits of renewable energy (Fergen & Jacquet, 2016). Abbott (2010, p. 

971) concludes that these multiple conservation priorities perpetuate environmental conflicts in local 

contexts. 

 Wildlife concerns 5.4.1

Since the earliest wind facilities in North America began operation, the potential threats of wind energy 

to wildlife, particularly birds and bats, have been of significant concern. A 2013 study estimated that 

between 140,000 and 328,000 birds are killed annually by collisions with wind turbine towers in the 

contiguous United States (Loss et al., 2013). This is a notable impact that may reduce support for wind 
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energy in some individuals. However, Sovacool (2013) estimates that wind energy kills approximately 

13 times fewer birds than fossil fueled power plants per kilowatt-hour of electricity generated. 

Similarly, a recent Canadian study found that avian mortality due to wind turbines was relatively small 

compared to other sources of human-influenced avian mortality (Zimmerling et al., 2013). These factors 

may induce some individuals to prefer the avian impacts of wind energy in comparison to alternatives 

(thus increasing support). Perhaps due to these conflicting considerations, previous research does not 

demonstrate a clear influence of wildlife impacts on onshore wind energy acceptance. Summary 

statistics have shown between 18-24% of local residents consider onshore wind turbines dangerous to 

wildlife (Mulvaney et al., 2013a; Slattery et al., 2012; Thayer & Freeman, 1987), and few studies have 

found this concern to statistically affect acceptance (e.g., Larson & Krannich, 2016). 

Experience from the Cape Wind project suggests that wildlife concerns may significantly influence 

acceptance of offshore wind energy. Firestone et al. (2012a), for example, found that 48% of 

respondents believed Cape Wind would cause harm to bird life, and 44% thought it would harm marine 

life (those percentages decreased slightly in a repeat survey in 2009). Firestone and Kempton (2007) 

reported that if Cape Wind were found to harm marine or bird life, the majority of respondents would 

be less likely to support the project. In their book on Cape Wind, Williams and Whitcomb (2007) also 

emphasize the role of perceived impacts to birds, fish, and whales in shaping public opinion. 

 Climate change concerns 5.4.2

Wind energy’s potential to mitigate climate change is a benefit often cited by supporters (Petrova, 

2013), but concern for climate change alone does not fully explain support for wind.  Accordingly, 

efforts to encourage support by emphasizing climate benefits may be met with indifference (Bidwell, 

2015; Firestone et al., 2009; Petrova, 2016; Swofford & Slattery, 2010). Olson-Hazboun et al. (2016, p. 

168) further suggest that emphasizing environmental and climate benefits may actually increase 

opposition in some contexts owing to the politically polarizing nature of such topics; they conclude that 

“the framing of renewable energy as an environmental issue could have unintended and adverse 

effects in certain social and political contexts.” Other research has found that even people who are 

unconcerned about the environment or the use of fossil fuels may strongly support wind energy 

development based on potential economic opportunities (Slattery et al., 2012). 

Overall, a number of researchers have found that support for wind energy is less correlated to 

environmental beliefs than to other factors such as economic and landscape impacts (Olson-Hazboun et 

al., 2016). Nonetheless environmental concerns clearly play a role in attitude formation for many 

individuals living near turbines, and more research could add nuance to the perceived environmental 

trade-offs of wind energy. Future work should continue to examine the role of environmental 

motivations for wind energy attitudes in different socio-political contexts. 

5.5 Perceptions of Planning Process, Fairness, and Trust 

The processes around wind project planning and development can significantly affect public acceptance 

(Firestone et al., 2012b), and a lack of opportunity for local residents to engage meaningfully in the 

planning process may reduce support or increase local conflict (Bohn & Lant, 2009; Huesca-Pérez et al., 
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2016; Phadke, 2011). In some wind development models, local citizens have been entirely removed 

from the planning and design of wind developments (Phadke, 2013). This may lead to feelings of 

injustice among local residents, who perceive that “government and corporate decision-making … takes 

place in faraway boardrooms disconnected from the people and landscapes that will be directly 

affected” (Phadke, 2013, p. 247). This perception of injustice may be especially severe among already 

disadvantaged communities (Huesca-Pérez et al., 2016). 

A more participatory, collaborative planning process may reduce conflict and promote positive 

community outcomes (Groth & Vogt, 2014; Jami & Walsh, 2017; Songsore & Buzzelli, 2015; Walker et 

al., 2014c). Some scholars have suggested moving away from a “decide-announce-defend” model  of 

wind facility planning toward a more collaborative, “consult-consider-modify-proceed” process 

(Phadke, 2013, p. 250). Indeed, Jacquet (2015) found that landowners participating and negotiating in 

the development process were better informed and more supportive than non-participating 

landowners. Some researchers, however, have demonstrated significant barriers to genuinely 

participatory, consensus-based planning processes, which may prevent widespread implementation of 

such strategies (Jami & Walsh, 2014). The numerous calls from researchers to increase public 

participation rarely include detail on how to implement participatory methods or measure their success 

(Bidwell, 2016b). In response to this need, a recent paper developed a recommended framework for 

meaningful community engagement and outlined a number of suggested strategies to increase public 

participation and reach consensus, including: early involvement of the community, being available, 

proactive, and present within the community, building relationships and trust, and offering financial 

investment in the project to the local community (Jami & Walsh, 2017). Nonetheless, questions still 

remain about how and when to engage the public and encourage participation in the planning process. 

Despite the challenges, it is seen as counterproductive to exclude participation based on the 

assumption that local community members lack the necessary information to make informed decisions 

(Petrova, 2016). 

A planning process perceived as “fair” can lead to greater toleration of the outcome, even if it does not 

fully satisfy all stakeholders (Firestone et al., 2012b), whereas processes perceived as “unfair” can result 

in conflict, damaged relationships, and divided communities (Fast et al., 2016). However, greater 

toleration is not necessarily synonymous with support or “successful coexistence” (Songsore & Buzzelli, 

2014). In other words, individuals may tolerate an outcome they perceive as fair, even if they did not 

get exactly what they wanted. Owing to this distinction, some researchers have begun to study support 

and toleration as separate dependent variables (Petrova, 2013). 

The perceived fairness of the planning process is linked to trust between the local community and the 

project developers, and some researchers consider this trust important for project support (Dwyer, 

2016; Fast & Mabee, 2015). Shaw et al. (2015) conclude that public trust has been eroded by 

governments that have not effectively engaged communities in fair decision-making processes. Aitken 

(2010, p. 1840) stresses that a pro-wind bias among developers and policymakers can undermine trust 

among stakeholders: “In order for this trust to be meaningful it cannot be conceived as a means to a 

particular end—i.e. less opposition and more wind farms.” 
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Although numerous studies have shown correlations among perceived inclusiveness, fairness, trust, 

toleration, and support, more research is needed to understand when and how actually to implement 

more collaborative, democratic planning processes. Future research should also further examine the 

relationships between perceived procedural justice and socioeconomic impacts of wind development. 

5.6 Distance from Turbines (Proximity Hypothesis) 

Since the earliest studies on this topic, researchers have consistently examined the hypothesis that 

those living closest to turbines will have the most negative attitudes about the local wind facility. These 

studies, however, have produced no clear consensus. Some studies confirm the notion that positive 

attitudes increase with distance from the nearest turbine (Swofford & Slattery, 2010; Thayer & 

Freeman, 1987), while others show the exact opposite: that those living nearest turbines have more 

positive attitudes and are less concerned about potential negative impacts of the turbines (Baxter et al., 

2013; Groth & Vogt, 2014; Warren et al., 2005). However, it is unclear whether such results adequately 

account for confounding variables, such as landowner compensation and other economic benefits 

accruing to nearby residents. 

Olson-Hazboun et al. (2016) studied a different, related variable in addition to distance from the 

nearest turbine: how frequently respondents see (or expect to see) wind turbines, which they call 

“visual accessibility.” These authors found no significant relationship between distance and attitudes 

toward the wind facility, but they did find that residents who see wind turbines more frequently were 

less likely to express positive attitudes toward the facility. Other studies have proposed that impacts 

from wind facilities may be cumulative, increasing with the size of turbines, the number of turbines 

visible, and the clustering of turbines (Petrova, 2013; Walker et al., 2014c). However, some European 

studies have not found a significant correlation between the number of turbines and negative attitudes 

(Krohn & Damborg, 1999; Pohl et al., 2012). Questions around cumulative impacts and visual 

accessibility merit additional study in the North American context.  

Some researchers have hypothesized that, over time, individuals will “self-sort,” as those with more 

positive attitudes move closer to turbines and those with more negative attitudes move away (Hoen et 

al., 2015; Tiebout, 1956). This effect, however, has not been rigorously examined. 

Although many researchers have found a correlation between distance from an individual to the 

nearest turbine and attitudes toward wind energy, the direction and strength of that correlation 

remains in question, as does the extent to which regional, demographic, or other factors may influence 

this correlation. More research is also needed to understand relationships between distance and other 

correlates to acceptance, such as sound and visual impacts. 

5.7 Other Proposed Correlates of Acceptance 

Aside from the six dominant themes discussed in the preceding sections, the literature identifies a 

number of other potential correlates of wind energy acceptance. Some researchers have proposed that 

a lack of knowledge about energy generally or wind energy specifically may explain opposition or 

negative attitudes (Bosley & Bosley, 1988; Bush & Hoagland, 2016; Klick & Smith, 2010; Sovacool, 
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2009), but this “information deficit” explanation has been largely discredited. Opponents and those 

with negative attitudes are not ignorant of wind energy facts (Fast, 2015), and high levels of knowledge 

about energy do not necessarily correlate with support or positive attitudes (Baxter et al., 2013). On the 

other hand, Bidwell (2016a) did find a relationship between an informational intervention and 

increased support, and suggests that the information deficit model should not be dismissed. 

Demographic data are also routinely collected and examined as possible correlates to wind energy 

acceptance in survey research. However, throughout the literature, demographic variables such as 

gender, income, and education level do little to explain variation in wind energy support or attitudes. 

Where reported, the effects of demographic variables on acceptance are typically not statistically 

significant (e.g., Firestone et al., 2015; Jacquet & Stedman, 2013; Mulvaney et al., 2013b). 

Other proposed explanations for acceptance include concerns about dependence on foreign energy 

sources (Firestone et al., 2009), personal and moral values (Bidwell, 2013, 2015), attitudes toward local 

or federal government policy (Fast & Mabee, 2015; Petrova, 2014; Songsore & Buzzelli, 2014), and the 

degree to which expectations about a development are met (Fergen & Jacquet, 2016).  

Many of these additional variables may relate to and be influenced by the six major themes previously 
discussed. In addition to clarifying the influence of the six major themes, future research should explore 
the influence of these other variables. 

6. Lessons learned in 30 years of wind acceptance studies 

Over the past three decades, scholars have substantially advanced the state of knowledge about wind 

energy acceptance in North America. Each new study has added evidence to existing hypotheses, 

proposed new hypotheses, presented new methods for engaging stakeholders in research, used new 

methods for data analysis, and/or incorporated new geographic areas under the umbrella of research. 

The studies have collected data spanning the period before any local development to well after the 

wind facilities began operating. Drawing from the sections above, the lessons learned over the past 30 

years are summarized here: 

Overall, support is high, and attitudes are largely positive. The North American literature consistently 

finds favorable views of wind energy; 70%–90% of North Americans approve of wind energy generally, 

and support has been high for specific existing and proposed wind facilities as well. 

Researchers should cautiously avoid a positivist research lens. Viewing opposition merely as something 

to be overcome reduces the quality of research and prevents meaningful understandings and 

implementation of best practices. The motivation of wind energy acceptance research should not be 

exclusively to ensure approval of wind energy developments. 

NIMBY is invalid. The NIMBY explanation has been widely discredited as simplistic, pejorative, 

politically inappropriate, and unhelpful as a framework to explain public attitudes toward wind facilities 

both before and after they are built. Nonetheless, use of the term persists among the wind industry, 
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policymakers, even researchers. 

Incorporating research into practice has lagged. Research over the past 30 years has produced many 

important insights, but these lessons have been slow to transition into practice among developers and 

policymakers. 

Perceptions of turbine performance and reliability matter. Early studies revealed widespread concerns 

about turbine performance and reliability. More recently, studies have found a preference for turbines 

in motion compared to static turbines.  

Demographics do not explain much. Throughout the literature, demographic variables such as gender, 

income, and education level do little to explain variation in wind energy attitudes; some studies have 

shown contradictory evidence related to these variables.  

Socioeconomic impacts are very important. Local stakeholders are concerned with various 

socioeconomic impacts, and some researchers have found socioeconomic concerns to be paramount 

among local residents. In general, those living near wind facilities want benefits that stay in the local 

community, and they feel a sense of injustice about bearing the burden of costs when consumption of 

and profits related to the power are enjoyed elsewhere.  

Sound and visual impacts are strongly tied to annoyance and opposition. Annoyance and opposition 

related to actual or expected sound and visual impacts are well documented throughout the literature. 

In some cases, annoyance and other impacts are ignored, downplayed, or assumed to be absent or 

inconsequential by developers and policymakers, which may exacerbate conflict and distrust among 

community members. 

Environmental concerns matter, though perhaps less than other factors. Environmental concerns 

correlate with wind energy acceptance, but the strength of that correlation may be lower than that of 

other factors like socioeconomic impacts. Also, the direction of the correlation remains unclear. 

Process fairness, participation, and trust can influence acceptance. A planning process that is 

perceived as “fair” can lead to greater toleration of the outcome, even if it does not fully satisfy all 

stakeholders. More participatory processes may increase trust and support, and ongoing post-

construction community stewardship should be maintained.  

Distance from turbines affects other variables, but alone its influence is unclear. The “proximity 

hypothesis” has yielded confounding findings in the literature. What is known is that an individual’s 

distance from existing turbines affects a number of other correlates, including visual, sound, and 

socioeconomic impacts. 

Other variables also affect acceptance, and the understanding of these is evolving. Researchers have 

proposed a wide range of other variables potentially correlated to wind energy acceptance, many of 

which deserve further study. Over time the addition of more possible correlates adds to the depth of 

understanding in this field. 
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7. Knowledge gaps after 30 years: Areas for future research 

A number of questions remain unresolved after three decades of research in this field. The following 

are specific areas for future research. 

A widespread, representative, random survey should be conducted in North America. Previous studies 

on acceptance of wind energy in North America have focused on only one or a few wind facilities. A 

more geographically representative survey examining the variables discussed in this paper would 

greatly advance the state of knowledge in this field. 

Individuals living closest to turbines should be oversampled. The detailed experiences and attitudes of 

those living closest to turbines (i.e., within half a mile) have not been well captured. Future research 

should oversample this group and analyze their responses as a group that is distinct from those living 

further away. 

Comparability of case studies should be enhanced. Discrete case studies should utilize some 

standardized survey items and protocols to facilitate comparison with data collected at different sites 

by other researchers. 

Causation should be identified, where possible. Many studies have used regression techniques to tease 

out competing correlates of acceptance, but in many cases the direction of influence (i.e., causality) of 

these correlates is not understood.  

Wind energy acceptance should be compared with acceptance of other energy sources. Only a few 

North American studies have examined wind acceptance in concert with acceptance of other energy 

sources (e.g. Jacquet, 2012). Future research should attempt to do so to provide a mechanism for 

comparison. 

Change in acceptance over time should be studied. Longitudinal studies of acceptance over time (i.e., 

before, during, and after wind project construction) have revealed interesting changes in the European 

literature (e.g. Wolsink, 2007), but they have rarely been conducted in North America—a notable 

exception being Firestone et al. (2012a), but that study only covered the development and planning 

periods, leaving construction and post-construction periods in question. Similarly, the attitudes among 

respondents who moved into an area after the wind facility began operation have not been studied in 

depth. 

Annoyance survey data should be combined with measured or modeled sound-level data. A number 

of surveys have asked respondents about their level of annoyance and perceived health impacts from 

wind turbine sound, but very few (e.g. Magari et al., 2014) have correlated those data to measured or 

modeled sound-level data. 

Varying development-process models and experiences should be studied. Participation in, perceptions 

of, and resident preferences for the wind facility development process are not well understood.  
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Compensation mechanisms should be compared more rigorously. More research is needed to 

understand appropriate and acceptable compensation mechanisms for individuals and communities, 

such as local ownership and investment opportunities, community compensation schemes, and non-

monetary community benefits. 

Resident perceptions of property-value impacts should be studied in greater depth. Although recent 

large-scale research has not found a significant property-value impact on homes near wind facilities, 

those impacts may exist in some cases, and the perception of value impacts among local residents could 

exist, but is not well understood. 

Implementation of research recommendations should be studied. Research is needed to understand 

the effects and implementation of strategies proposed in the literature during the development and 

policy-making process. Researchers should continue to develop frameworks for wind project planning 

that increases community engagement and reduces conflict and injustice. 

8. Conclusion 

The efforts of wind energy acceptance researchers over the past 30 years have yielded many important 

lessons and insights, but much work remains to be done in this space—particularly in the North 

American context. Thirty years from today, wind energy could conceivably generate over 30% of North 

America’s electricity, representing a significant increase over the current installed capacity. More 

turbines will result in more nearby “neighbors,” increasing the population that experiences the direct 

impacts of wind energy. Opposition and negative attitudes will, undoubtedly, still exist. However, with 

continued research and a commitment to implement research findings into developer and policymaker 

practice, conflict and perceived injustices might be significantly reduced. 
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Appendix A  
Table 1: Explanatory variables in N.A. wind acceptance literature & research suggestions 
Explanatory Variable Sub-variable North American Citations Further Research 

Socio-economic 
aspects 

Landowner 
compensation 

Baxter et al., 2013 
Firestone et al., 2012b 
Garcia et al., 2016 
Gipe, 1995 
Groth & Vogt, 2014 
Jacquet, 2012 
Walker et al., 2014b 

What do hosting and non-hosting 
neighbors perceive to be the 
most appropriate forms of 
compensation? What forms of 
community-level compensation 
are preferred? 

Community 
investment & 
ownership 
models 

Bolinger, 2005 
Brannstrom et al., 2011 
Fast et al., 2016 
Ferguson-Martin & Hill, 2012 
Songsore & Buzzelli, 2015 
Sovacool & Ratan, 2012 

More research is needed on this 
topic in the North American 
context. 
How to enable community 
investment in private developer-
led wind projects? 

Property value 
impacts 

Abbott, 2010 
Fast et al., 2015 
Firestone & Kempton, 2007 
Heintzelman & Tuttle, 2012 
Hoen et al., 2011; 2015 
Hoen & Atkinson-Palombo, 2016 
Walker et al., 2014a 

What source of information is 
trusted for property value 
impacts?  
Are there community 
compensation mechanisms that 
could assuage concerns about 
property value impacts? 

Tourism 
impacts 

Firestone et al., 2009 
Landry et al., 2012 
Lilley et al., 2010 
Lutzeyer, 2013 

Are there methods to enhance 
tourism near wind projects? 
Does this impact differ between 
onshore and offshore projects? 

Impacts on 
electricity rates 

Baxter et al., 2013 
Firestone & Kemption, 2007 
Firestone et al., 2012a 
Petrova, 2016 

  

Jobs and local 
economic 
development 

Bidwell, 2013 
Larson & Krannich, 2016 
Mulvaney et al., 2013a; 2013b 
Olson-Hazboun et al., 2016 
Slattery et al., 2012 
Songsore & Buzzelli, 2015 

How are local economic impacts 
perceived under more 
participatory development 
processes? 

Distributive 
justice / costs 
and benefits 

Baxter et al., 2013 
Brannstrom et al., 2011 
Groth & Vogt, 2014 
Huesca-Pérez et al., 2016 
Hirsh & Sovacool, 2013 
Jami & Walsh, 2017 
Kempton et al., 2005 
Larson & Krannich, 2016 
Pasqualetti, 2011a 
Petrova, 2013; 2016 
Phadke, 2011; 2013 
Rule, 2014 
Shaw et al., 2015 
Slattery et al., 2012 
Sovacool, 2009 

What do developers and 
communities perceive as best 
practices for distributive justice? 
What are the preferred 
community compensation 
mechanisms to improve 
distributive justice? 
How are feelings of distributive 
justice influenced by 
participation in the planning 
process? 
How to enable community 
investment in private developer-
led wind projects? 
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Sound Aspects Health impacts Baxter et al., 2013 
Knopper & Ollson, 2011 
Knopper et al., 2014 
Magari et al., 2014 
Michaud et al., 2016a; 2016b 
Songsore & Buzzelli, 2014 
Walker et al., 2014c 

What types of sounds cause the 
most stress or sleep disruption? 

Annoyance Kaliski & Neeraj, 2013 
Knopper & Ollson, 2011 
Knopper et al., 2014 
Nissenbaum et al., 2012 
Petrova, 2016 
Phadke, 2013 

What types of sounds are most 
annoying? 
Is measured or modeled sound 
correlated to levels of 
annoyance?  
If not, how can the sound models 
be improved? 

Visual & Landscape 
Aspects 

Aesthetic 
aspects, beauty, 
& annoyance 

Apostol et al., 2016 
Brannstrom et al., 2011 
Bush & Hoagland, 2016 
Fast et al., 2015 
Fergen & Jacquet, 2016 
Firestone & Kemption, 2007 
Firestone et al., 2015 
Gipe, 1993; 1995 
Hirsch & Sovacool, 2013 
Jacquet & Stedman, 2013 
Krueger et al., 2011 
Larson & Krannich, 2016 
Olson-Hazboun et al., 2016 
Pasqualetti, 2000; 2001; 2011a 
Pasqualetti & Bultler, 1987 
Pasqualetti et al., 2002 
Petrova 2016 
Phadke, 2010 
Rule, 2014 
Thayer & Freeman, 1987 

What are the motivations for 
positive visual perceptions?  
Does physical geography 
influence attitudes or visual 
annoyance?  
Does the number of turbines or 
frequency of seeing turbines 
influence attitudes? 
How do visual simulations 
influence support/opposition? 
How can simulations, and how 
they are presented, be improved 
to better reflect actual 
developments? 

Economic 
effects of visual 
impacts (e.g. 
willingness to 
accept view) 

Boatwright, 2013 
Groothuis et al., 2008 
Jensen et al., 2014 
Krueger et al., 2011 
Pasqualetti, 2001 

  

Place 
Attachment 

Bidwell, 2013 
Fast & Mabee, 2015 
Firestone et al., 2009 
Jacquet & Stedman, 2013 

More research on place 
attachment is needed in the 
North American context. 

Environmental 
concerns and attitudes 

Environmental 
attitudes and 
perceived 
impacts 

Abbott, 2010 
Fergen & Jacquet, 2016 
Firestone et al., 2009; 2012a 
Firestone & Kempton, 2007 
Kempton et al., 2005 
Larson & Krannich, 2016 
Mulvaney et al., 2013a; 2013b 
Olson-Hazboun et al., 2016 
Petrova, 2016 
Thayer & Freeman, 1987 

How do environmental concerns 
and motivations vary in different 
socio-policitical contexts?  
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Climate change Bidwell, 2015 
Olson-Hazboun et al., 2016 
Petrova, 2013; 2016 
Slattery et al., 2012 
Swofford & Slattery, 2010 

Do residents believe the local 
wind project makes a difference 
with respect to climate change? 

Planning process, 
fairness, trust 

Community 
participation in 
development 
process 

Bidwell, 2016b 
Bohn & Lant, 2009 
Corscadden et al., 2012 
Fast et al., 2016 
Firestone et al., 2012b 
Groth & Vogt, 2014 
Huesca-Pérez et al., 2016 
Jacquet, 2015 
Jami & Walsh, 2014; 2017 
Phadke, 2011; 2013 
Shaw et al., 2015 
Songsore & Buzzelli, 2015 
Sovacool & Ratan, 2012 
Walker et al., 2014c 

How should developers 
implement a more participatory, 
collaboartive planning process? 
What communication practices 
and techniques are most effective 
between stakeholders? 
What do project developers 
consider best practices? 

Fairness, trust, 
and 
relationships 

Dwyer, 2016 
Fast, 2015 
Fast & Mabee, 2015 
Fast et al., 2016 
Firestone et al., 2012b 
Shaw et al., 2015 
Songsore & Buzzelli, 2014 

Do perceptions of fairness 
influence perceptions of 
economic impacts or reported 
health impacts? 

Distance from turbines Proximity 
hypothesis 

Baxter et al., 2013 
Groth & Vogt, 2014 
Swofford & Slattery, 2010 
Thayer & Freeman, 1987 

Do residents move in and out 
over time based on attitudes 
(Tiebout sorting)? 
Do individuals living closest to 
turbines have distinct attitudes 
or impacts? 

Cumulative 
impacts 

Olson-Hazboun et al., 2016 
Petrova, 2013 
Walker et al., 2014c 

The influence of cumulative 
impacts on communities needs 
further study in North America 

Other Knowledge / 
information 
deficit 

Baxter et al., 2013 
Bidwell, 2016a 
Bosley & Bosley, 1988 
Bush & Hoagland, 2016 
Corscadden et al., 2012 
Fast, 2015 
Klick & Smith, 2010 
Sovacool, 2009 
Swofford & Slattery, 2010 

What kinds of entities are trusted 
sources for information about 
wind energy? 
What are preferred methods for 
presenting information? 
How can a bi-lateral exchange of 
information between the hosts 
and developers be encouraged? 

Influence of 
local or federal 
policy on local 
acceptance 

Fast & Mabee, 2015 
Petrova, 2014 
Songsore & Buzzelli, 2014; 2015 

Compare policies that have 
increased acceptance to those 
that have decreased it 

Compare 
attitudes toward 
wind with other 
energy sources 

Jacquet, 2012 
Jacquet & Stedman, 2013 
Shaw et al., 2015 

More comparisons of 
preferences/attitudes toward 
different energy sources are 
needed. 
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Table 2: Research approaches and methods in North American wind acceptance literature 
Research Approach Specific Method North American Citations 

Quantitative Methods One-time case study, statistical 
survey near existing wind facility 

Baxter et al., 2013 
Fergen & Jacquet, 2016 
Firestone et al., 2015 
Groth & Vogt, 2014 
Jacquet, 2012; 2015 
Jacquet & Stedman, 2013 
Magari et al., 2014 
Mulvaney et al., 2013 
Nissenbaum et al., 2012 
Olson-Hazboun et al., 2016 
Paller, 2014 
Pasqualetti & Butler, 1987 
Petrova, 2014; 2016 
Slattery et al., 2012 
Swofford & Slattery, 2010 
Thayer & Freeman, 1987 

One-time case study, statistical 
survey; hypothetical wind facility 

Bidwell, 2013; 2015; 2016a 
Boatwright, 2013 
Corscadden et al., 2012 
Firestone & Kempton, 2007 
Firestone et al., 2009; 2012b 
Groothuis et al., 2008 
Landry et al., 2012 
Larson & Krannich, 2016 
Lutzeyer, 2013 

Longitudinal case study survey 
(over time) 

Firestone et al., 2012a 

Nationally representative 
opinion poll 

Ipsos, 2010 
Klick & Smith, 2009 
Leiserowitz et al., 2014 
Vyas & Hurst, 2013 

Economic modeling and choice 
experiments 

Garcia et al., 2016 
Groothuis et al., 2008 
Heintzelman & Tuttle, 2012 
Hoen et al., 2011; 2015 
Hoen & Atkinson-Palombo, 2016 
Kreuger et al., 2011 
Landry et al., 2012 
Lang et al., 2014 
Lilley et al., 2010 
Lutzeyer, 2013 

Epidemiological studies Michaud et al., 2016a; 2016b 
Nissenbaum et al., 2012 

Mixed Methods Interview and Survey Bosley & Bosley, 1988 
Kreuger et al., 2011 
Mulvaney, 2013a; 2013b 
Walker et al., 2014a; 2014b; 2014c 

Interview and Content Analysis / 
Literature Review 

Fast et al., 2015 
Sovacool & Ratan, 2012 

Q-method Brannstrom et al., 2011 

Exhibit A4-5

Page 38 of 39 
014585



   

Thirty years of North American wind energy acceptance research │34 

Qualitative Methods Literature review Fast, 2015 
Fournis & Fortin, 2016 
Huesca-Pérez et al., 2016 
Knopper & Ollson, 2011 
Knopper et al., 2014 
Lantz & Flowers, 2011 
Pasqualetti, 2011b 
Petrova, 2013 
Rule, 2014 

Content analysis Abbott, 2010 
Bohn & Lant, 2009 
Bolinger, 2005 
Ferguson-Martin & Hill, 2012 
Pasqualetti, 2011a 
Phadke, 2010 
Shaw et al., 2015 
Songsore & Buzzelli, 2014; 2015 

Interview / Focus Group Dwyer, 2016 
Fast & Mabee, 2015 
Jami & Walsh, 2017 
Kempton et al., 2005 
Pasqualetti, 2001 
Phadke, 2013 
Shaw et al., 2015 
Sovacool, 2009 

Comment / Perspective / 
Qualitative case study 

Bidwell, 2016b 
Fast et al., 2016 
Hirsch & Sovacool, 2013 
Jami & Walsh, 2014 
Pasqualetti, 2000 
Phadke, 2011 

Expert elicitation Bush & Hoagland, 2016 
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Introduction 
The Public Service Commission of Wisconsin (Commission) was directed by 2015 Wisconsin Act 55 
(Act 55) to “conduct a review of studies conducted to ascertain the health effects of industrial 
wind turbines on persons residing near the turbine installations.”  This requirement is similar to 
the work recently done by the Wind Siting Council1 (WSC) in an earlier report to the Legislature 
(2014 WSC report).   

Wisconsin Stat. § 196.378(4g)(e) directs the WSC to “survey the peer-reviewed scientific research 
regarding the health impacts of wind energy systems and study state and national regulatory 
developments regarding the siting of wind energy systems.”  This section also requires the 
production of a report for the Wisconsin State Legislature every five years, putting a recurring 
obligation upon the members of the WSC to review current scientific literature on the topic of 
health impacts of wind energy systems and regulatory trends.  The WSC’s 2014 report, the first 
such required report, was delivered to the Wisconsin State Legislature at the end of October 
2014.  Commission staff was closely involved with identifying source materials and assisting with 
the writing of this document.  The WSC is tasked with producing another such report by October 
2019.  This task also requires that the WSC determine whether recommendations on any 
legislation should be suggested, based on information in the research or regulatory 
developments. 

Commission staff recognizes the work done by the WSC and has not used sources that were 
evaluated and either used or dismissed by the WSC’s work during the production of the 2014 
WSC report.  Rather, Commission staff has sought any directly relevant studies or literature that 
were made available from the time when the WSC stopped taking in new literature, August 2013, 
until October 2015, when Commission staff began the task of summarizing findings and writing 
this current document.  The 2014 WSC report, which included two minority reports, was the 
product of almost two years of research, discussion, and writing.  This process will likely begin 
again in late 2017. 

Based on the few additional studies in the current review, the research literature on this subject 
continues to show trends similar to those identified in the 2014 WSC report.  There is an 
association between exposure to wind turbine noise (WTN) and annoyance for some residents 
near wind energy systems.  Some researchers show this as a causal relationship.  There is more 
limited and conflicting evidence that shows association or a causal relationship between wind 
turbines and sleep disturbance.  There is a lack of evidence to support other hypotheses 
regarding human health effects caused by wind energy systems. 

Commission staff identified a number of documents that address the topic of “human health 
effects of wind energy systems” from a number of sources.  As indicated above, Commission staff 
did not revisit documents that were included in the 2014 WSC report, or more recently published 
review articles by authors of documents included in the 2014 WSC report where the study 
methods and results were the same and there was no significant new analysis done.  The goal 

1 A Wind Siting Council of Public Service Commission-appointed members was established in the Public Service 
Commission by Wis. Stat. § 15.797. 
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was to identify any new direct research or new analysis that might provide additional insight into 
this topic.  Articles that did not directly examine health effects, but rather explored hypotheses 
that could lead to health effects or discussed ways to model or measure sound produced by 
turbines were not included.  A link to the 2014 WSC report is attached as an appendix to this 
report to provide the reader with the previous review and analysis done on this subject. 

Health Canada Study 
Health Canada is the Canadian federal agency responsible for national public health.  In response 
to public concern regarding potential health impacts from wind turbines, Health Canada, in 
partnership with Statistics Canada, undertook a $2.1 million Canadian Dollar epidemiological 
study to evaluate the health of people living up to 10 kilometers (km) (6.2 miles) from wind 
turbine installations.  The study took place in communities in southern Ontario and Prince Edward 
Island.  Preliminary results were published in November 2014, and the study’s authors state that 
these are considered preliminary until published in the peer-reviewed scientific literature.2  Only 
results published in the peer-reviewed literature are provided in this report.  It is anticipated that 
more results will be made available in the peer-reviewed literature by the time of the next WSC 
report. 

The Health Canada study went through a lengthy and open development process prior to the study 
taking place.  A panel of experts that included epidemiologists, acoustic engineers, academics, 
neurologists, statisticians, and wind energy engineers developed the study design.  The members of 
the expert panel were screened for activities or affiliations that would present bias or conflict with 
their mandate, and were required to sign confidentiality statements.  The study methods and 
details of the research design committee were put out for a 60-day comment period.3  After the 
comment period ended, Health Canada provided a summary of the comments received, along with 
responses from the research committee.  This openness allowed for a clear showing of the methods 
and reasons for the study design, where evaluations and changes were made after comments, and 
how certain comments were understood but why no changes were made.  The study design was 
also evaluated by the Health Canada Science Advisory Board and the World Health Organization 
Noise Committee. 

Health Canada Study Methods 
The study consisted of three main parts: 

1. An in-person questionnaire, given to randomly selected adult participants living at various 
distances from the wind turbines.  The study found 1,570 eligible households in the study 
areas, of which 1,238 households participated (78.9 percent). 

2 Such publications are starting to be seen at the time of this report.  Feder et al. 2015, later in this section, describes 
the quality of life analysis.  An article was also published in SLEEP, October 2015 (abstract with results reviewed, full 
text not yet available), describing specifically the results of the sleep and wind turbine noise (WTN) exposure part of 
the study. 
3 The specific planned locations and timing of the survey were not made available to prevent bias. 
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2. A collection of physical health measures that assessed stress levels using hair cortisol, 
blood pressure, sleep actimetry4 (over seven days) and resting heart rate.  This goal of 
obtaining objective measures of health sets the Health Canada study apart from many 
other studies on this subject, which rely only on self-reported health effects. 
 

3. More than 4,000 hours of WTN measurements were conducted to support the modeled 
calculations of WTN levels at homes in the study. 

The study aimed to test all households located within 600 meters of a wind turbine in the study 
area, with others between 600 meters and 10 km randomly selected.  One randomly selected 
adult in each household was selected to participate in the study.  Details of house construction, 
including the dimensions of the participants’ bedrooms were obtained during the survey to assist 
with sound level modeling. 

Although the Health Canada study represents one of the larger and more comprehensive studies 
regarding health effects of wind turbines, it does not allow for making causal inferences.  It does 
allow conclusions to be made with respect to associations between endpoints.  As stated in the 
preliminary findings: 

The current cross-sectional study is an observation study at one point in time 
among a sample of subjects living various distances from wind turbines.  The 
temporality of the relationship renders it difficult to establish if exposure to wind 
turbine sound precedes the investigated health endpoints or if the health endpoints 
are already present before being exposed.  Therefore this design does not permit 
any conclusions to be made with respect to causality. 

Health Canada clearly includes a disclaimer that the results produced by the study do not provide 
definitive answers on their own and should be considered in conjunction with other research 
available on the topic. 

Health Canada Study Results 
Calculated outdoor A-weighted WTN levels for the homes participating in the study reached 
46 A-weighted decibels (dBA) for wind speeds of 8 meters/second.  Use of A-weighted scales in 
evaluating noise is a common method of measuring environmental noise and assessing potential 
noise health effects.  It is meant to represent the noise filtering process of the human ear, putting 
less importance on frequencies to which human ears are less sensitive.  Other ways of assessing 
noise could use different weighted scales, and some argue that using A-weighted scales 
underrepresents low frequency sounds.  The Health Canada study also calculated C-weighted 
sound levels to attempt to better assess the low frequency levels, but found A and C weighted 
levels were so close as to provide the same information.5  The calculated WTN levels are likely to 
be representative of yearly averages with an uncertainty of about ±5 dB.  

4 Small watch-like devices were worn by participants to provide an objective measurement of sleep over a 7-day 
period. 
5 Feder et al. 2015 
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An article6 published by the panel of the study described in greater detail the World Health 
Organization Quality of Life7 questionnaire (WHOQOL-BREF) used in the Health Canada study, as 
well as the results seen using univariate analyses and multiple linear regression models.  It found 
that lower scores (less indication of satisfaction with quality of life) on the physical and 
environment domains of the questionnaire were observed among participants that reported high 
visual annoyance towards wind turbines.  Higher scores (more indication of satisfaction with 
quality of life) on the physical domain of the questionnaire were seen in participants that 
received a personal benefit from wind turbines (such as rental payments).  Overall, the analysis of 
the study results do not support an association between exposure to WTN up to 46 dBA 
(modeled) and quality of life assessed.  The article does agree with some other researchers that 
some quantification of amplitude modulation8 and tonality produced from WTN would provide 
further information into how WTN may influence quality of life.  The Health Canada study results 
do not support an association between exposure to WTN up to 46 dBA and sleep disruption as 
measured through actimetry.9 

Additional Published Empirical Research 
In addition to the large study conducted by Health Canada, Commission staff identified two 
additional cross-sectional studies that were published after the cutoff date for those evaluated in 
the 2014 WSC report.  Brief summaries of their methods and results are provided below.  Both of 
these have been incorporated into the critical reviews done by other organizations as described 
later in this document. 

New York (Magari et al. 2014) 
This was a study in western New York State, where a 126 megawatt wind energy system 
consisting of 84 turbines covered an area of 19 square miles.  Fifty-six homes in the area were 
randomly selected (out of 256 possible), and the researchers were able to conduct surveys at 
52 of these.  Sixty-two individuals were interviewed with a survey that was adapted from that 
previously used by researchers in the Netherlands.10  This study also collected short-term sound 
measurements inside and outside of respondents’ homes.  Average wind speeds that were below 
the wind speeds typically present in the wind energy system and the short-term nature of the 
measurements makes comparisons with other studies’ findings that use modeled sound levels 
difficult.  Supplementing these short-term measurements with modeled sound levels would 
improve the ability of the study to compare self-reported health and quality of life data with 

6 Feder et al. 2015. 
7 The World Health Organization defines Quality of Life (QOL) as a broad multidimensional concept that includes 
subjective evaluations of both positive and negative aspects of life.  Physical domains of health are joined with social, 
psychological, and environmental domains to create a complex series of measurements.  Evaluated items are ranked 
from a low of 1 to a high of 5. 
8 Amplitude modulation is used in this context to refer to increased variation of sound levels produced by the 
aerodynamic noise of the blades of the turbines as they pass the tower.  Several articles explore how this effect can 
occur, how levels could be “enhanced” and how it could be incorporated into noise modeling for projects.  See 
Larsson and Öhlund (2013), and Kaliski (2014) as two examples of this topic of discussion. 
9 Michaud et al. 2015. 
10 Pedersen and Waye (2007), reviewed in the 2014 WSC report. 
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average sound levels at each residence.  The survey results did not support an exposure-response 
relationship between short-term indoor or outdoor noise exposure and self-reported annoyance. 

Looking instead at the survey responses, they found that there was a correlation between an 
individual’s concern regarding health effects and the prevalence of sleep disturbance or stress 
among the study population.  Ninety percent of the survey participants stated they were either 
very satisfied or satisfied with their living environment.  Thirty-four percent had a negative or very 
negative view of wind turbines, while 44 percent had a positive or very positive opinion of 
turbines.  The subjective sound descriptor of “swishing” when describing WTN was significantly 
negatively correlated with an individual’s level of satisfaction with their living environment.  This 
study did not include the type of sound monitoring that would be needed to characterize 
amplitude modulation, which is commonly seen as one cause of this sound characteristic in 
relation to WTN. 

The study found that general annoyance from WTN was statistically correlated with an 
individual’s:  (1) general opinion on wind turbines; (2) opinions on altered landscapes; (3) concern 
over health effects associated with wind turbines; and (4) their sensitivity to noise in general.  
There was a statistically significant association between an individual’s satisfaction with their 
living environment and if they had some type of relationship with the energy company, such as 
rental agreements. 

Poland (Pawlaczyk-Luszczynska et al. 2014) 
This study analyzed the relationships between distance and levels of WTN at residences and the 
percentage of people annoyed by the noise, as well as the individual factors affecting the 
perceived annoyance.  Questionnaires were given to 361 subjects living in the vicinity of 8 wind 
energy systems in central and northwest Poland.  Sound levels were modeled following the sound 
propagation model used by previous studies such as Pederson and Waye (2004).  Noise levels 
were measured outside some of the respondents’ houses to verify the calculated sound levels. 

Preliminary analyses of this study found exposure-response relationships between A-weighted 
sound levels and annoyance.  Where sound levels were calculated at 31-50 dBA, almost one-third 
of participants found outdoor WTN annoying.  Although the study found there were no significant 
difference in subjects noticing WTN compared to other sources of environmental noise, where 
WTN was noticed, it was more frequently assessed as annoying compared to other 
environmental noise.  Strong correlations were observed between subjective factors such as 
attitude to wind turbines in general and their visual impact on landscape and levels of annoyance.  
Generally, the results of this study are similar to those in earlier Swedish and Dutch cross-
sectional studies reviewed in the 2014 WSC report. 

Additional Literature Reviews 
There were four new reviews found published in peer-reviewed journals in the time period of this 
report.  The same caveats as were expressed in the 2014 WSC report11 apply with regard to the 
quantity and quality of the research available for such review articles to consider.  Three of these 

11 At pp. 7-8. 
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review articles12 restricted the reviews to peer-reviewed scientific literature, while the fourth13 
imposed no such restriction on the quality of the literature, but specified the topic suitable and 
identified bias where it was likely to exist. 

McCunney et al. 2014 
The Canadian Wind Energy Association (CanWEA) funded a critical review of peer-reviewed 
literature regarding evaluations of potential health effects among people living in the vicinity of 
wind turbines by academic staff at the Massachusetts Institute of Technology (MIT).  The 
coauthors of the paper have backgrounds in occupational and environmental medicine, acoustics, 
epidemiology, otolaryngology, psychology and public health.14  This review assessed many of the 
same studies reviewed by the WSC in its 2014 report.  Some additional papers were reviewed 
that had not been published by the time of the 2014 WSC report literature deadline.15 

The review found four results: 

1. Infrasound near wind turbines does not exceed audibility thresholds; 
 

2. Epidemiological studies have shown associations between living near wind turbines and 
annoyance; 
 

3. Infrasound and low-frequency sound do not present unique health risks; and 
 

4. Annoyance seems more strongly related to individual characteristics than noise from 
turbines. 

Onakpoya et al. 2014 
This was a review and analysis of the eight studies16 that met their selection criteria, which the 
authors describe as “moderate” in quality.  The authors are academic researchers with no stated 
interests with regards to wind energy systems. The results show that living in areas with wind 
energy systems appears to result in annoyance and may be associated with sleep disturbances 
and decreased quality of life.  The review suggests that visual perception of turbines is correlated 
with increased episodes of annoyance and that reported adverse effects are more prominent in 
quiet areas compared with noisy ones.  Individual attitudes could influence the type of response 
to noise from wind turbines.  The review does state that as the response variables measured in 
the studies are subjective, causality between the variables cannot be established. 

12 McCunney et al. 2014; Onakpoya et al. 2014; and Knopper et al. 2014. 
13 Schmidt and Klokker. 2014. 
14 A statement accompanying the article reads:  “Although the funding for this project came from CanWEA through a 
grant to the Department of Biological Engineering of MIT, members of CanWEA did not take part in editorial decisions 
or reviews of the manuscript.  MIT conducted an independent review of the final manuscript to ensure academic 
independence of the commentary and eliminate any bias in the interpretation of the literature.” 
15 Both McCunney et al. 2014 and Onakpoya et al. 2014 review Magari et al. 2014 and Pawlaczyk-Luszczyriska et al. 
2014, which are research studies published after the 2014 WSC report was being written. 
16 Six of these had been included in those articles reviewed by the WSC for its 2014 report. 
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Schmidt and Klokker (2014) 
The authors are clinical researchers with no stated interests with regards to wind energy systems.  
They conducted a systematic review of literature from both peer-reviewed and non-peer-
reviewed internet sources.17  To be included, studies must have investigated any relationship 
between WTN exposure and health-effect outcomes.  No limiting criteria regarding the quality of 
the research was used in the initial selection process, but risk of bias identified in any of the 
studies was assessed after review and reported as part of a quality assessment of the studies. 

This review clearly states that while case series studies (four of which were reviewed) can 
generate hypotheses, due to the general likelihood of bias, they contribute weak evidence 
towards evidence of causation.  The rest of the 26 publications were cross-sectional studies.  
Selection bias18 and observational bias19 are still recognized as likely to occur within these 
studies, and therefore, they also cannot be used to determine specific causal relationships.  Even 
with the more relaxed criteria for literature, the review found similar results to other articles. 

This review found that evidence of a dose-response relationship between wind 
turbine noise linked to noise annoyance, sleep disturbance and possibly 
psychological distress20 was evident in the studies reviewed.  Currently there is no 
further existing statistically-significant evidence indicating any association 
between wind turbine noise exposure and tinnitus, hearing loss, vertigo or 
headache. 

The authors suggest that future studies should focus on investigations aimed at objectively 
demonstrating whether measurable health-related outcomes can be proven to fluctuate 
depending on exposure to wind turbines. 

Knopper et al. 2014 
This revisited a previous review21 of the literature relating to wind turbines and health effects, 
looking specifically for new evidence in the studies that had been published since the previous 
review.  The authors are made up of environmental health scientists that do work with wind 
power companies.  For their updated review, they searched the literature and restricted their 
review to peer-reviewed articles, but did not restrict their review to articles or studies of direct 
evidence. 

This review is bibliographic in nature and provides brief summaries of the articles reviewed, under 
topic headlines such as “low-frequency noise and infrasound.”  Many of these articles were also 
reviewed in the 2014 WSC report.  They find that there is a lack of evidence that suggests that 

17 Referenced specifically in this study was that three websites highly critical of wind energy systems were checked for 
articles that did not come up in Google Scholar or other searches and suitable literature reviewed. 
18 Selection bias occurs where proper randomization of subjects is not achieved either through selecting specific 
subjects or allowing subjects to self-select.  This can lead to the distortion of statistical analysis and inaccuracies. 
19 Observational bias, also known as information bias, can occur in several ways and are errors in measurement or 
misclassifications that can affect results.  Self-recall of symptoms or effects are a common source of such bias. 
20 Sleep disturbance and psychological distress were only reported in self-reported questionnaires which increase the 
risk of introducing information bias into the study. 
21 Knopper and Ollson, 2011 (reviewed in the 2014 WSC report). 
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factors such as electromagnetic fields, shadow flicker, low-frequency noise and infrasound affect 
human health.  They find annoyance may be associated with WTN, and that this annoyance may be 
associated with self-reported health effects, particularly where exposure to sound levels by 
non-participants is regularly greater than 40 dBA.  They recommend incorporating sound 
measurements into setback distances and conducting post construction monitoring to ensure 
modeled sound levels are within limits.  This review also discusses the influence psychogenic or 
subjective factors have on annoyance and other health complaints and identifies these as 
potentially resulting in levels of annoyance even when noise exposures are below sound level limits. 

Conclusion 
Concern over whether wind energy systems impact human health continues to prompt new 
research.  For the purposes of this report, Commission staff restricted the acceptance of literature 
to new peer-reviewed direct studies or critical reviews of such literature published in 
peer-reviewed journals.  There are numerous articles and papers that explore the hypotheses 
relating to infrasound, low frequency noise, amplitude modulation, and how WTN should be 
measured or modeled.22  Other articles explore the hypotheses regarding whether some of the 
impacts associated with wind turbines could be explained through psychogenic factors23 or 
effects to the vestibular system.24  These may prove useful for future research on health effects 
or experts working on sound measurement protocols. 

Commission staff regularly searches for new articles and research done on this subject and 
reviews materials for new information.  With more analysis of the results of the Health Canada 
study expected, as well as potentially new research from Australia and Denmark, it is likely that 
the WSC will have new studies and reviews to use in its next report to the Legislature.  The WSC 
may choose to review sources cited within this document as part of the already scheduled 
analysis of literature relating to the health impacts of wind turbines leading up to the October 
2019 WSC report.  Commission staff does not intend for the current report to be the only 
consideration of the documents reviewed if WSC members also choose to review the documents 
as part of their statutorily required report. 

Presently, the recent literature on this subject continues to reach conclusions similar to those 
identified in the 2014 WSC report.  The studies have found an association between exposure to 
wind turbine noise and annoyance for some residents near wind energy systems.  Some studies 
show this as a causal relationship between wind turbines and annoyance.  There is more limited 
and conflicting evidence demonstrating an association or a causal relationship between wind 
turbines and sleep disturbance.  There is a lack of evidence to support other hypotheses 
regarding human health effects caused by wind energy systems.  Overall, the research in this area 
is limited and insufficient to determine causal relationships between variables.  

22 Berger et al. 2015; Maffei et al. 2015. 
23 Crichton et al. 2014. 
24 Harrison 2014; Salt and Lichtenhan 2014. 
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Acronyms 
§ Section 
CanWEA Canadian Wind Energy Association 
dB Decibel 
dBA A-weighted decibel 
Commission Public Service Commission of Wisconsin 
km Kilometers 
MIT Massachusetts Institute of Technology 
QOL Quality of life 
WHOQOL-BREF World Health Organization Quality of Life questionnaire 
Wis. Stat. Wisconsin Statute 
WSC Wind Siting Council 
WTN Wind turbine noise 

Exhibit A4-6

Page 10 of 12 
014596



Works Cited 
Feder K, Michaud D, Keith S, Voicescu S, Marro L, Than J, Guay M, Denning A, Bower T, Lavigne E, 
Whelan C, van den Berg F.  An assessment of quality of life using the WHOQOL-BREF among 
participants living in the vicinity of wind turbines. Environmental Research.  2015; 142(227-238). 

Harrison RV.  On the biological plausibility of Wind Turbine Syndrome.  International Journal of 
Environmental Health Research.  2014; 25(5):463-468. 

Health Canada.  Wind Turbine Noise and Health Study: Summary of Results.  2014.  Available 
at: http://www.hc-sc.gc.ca/ewh-semt/noise-bruit/turbine-eoliennes/summary-resume-eng.php 
(last accessed on December 4, 2015). 

Knopper LD, Ollson CA, McCallum LC, Whitfield Aslund ML, Berger RG, Souweine K, McDaniel M.  
Wind turbines and human health.  Frontiers in Public Health. 2014; 2:63. 

Michaud DS, Feder K, Keith SE, Voicescu SA, Marro L, Than J, Guay M, Denning A, Murray BJ, 
Weiss SK, Villeneuve PJ, van den Berg F, Bower T.  Effects of Wind Turbine Noise on Self-Reported 
and Objective Measures of Sleep.  SLEEP. 2015 Oct 22. (Epub ahead of print). 

Magari SR, Smith CE, Schiff M, Rohr AC.  Evaluation of community response to wind turbine 
related noise in Western New York State.  Noise and Health. 2014; 16:228-239. 

McCunney RJ, Mundt KA, Colby D, Dobie R, Kaliski K, Blais M. Wind turbines and health: A critical 
review of the scientific literature.  Journal of Occupational and Environmental medicine.  2014; 
56:108-130. 

Onakpoya IJ, O’Sullivan J, Thompson MJ, Heneghan CJ.  The effect of wind turbine noise on sleep 
and quality of life:  A systematic review and meta-analysis of observational studies.  Environment 
International.  2015; 82:1-9. 

Pawlaczyk-Luszczyriska M, Dudarewicz A, Zaborowski K, Zamojska-Daniszewska M, Waszkowska 
M.  Evaluation of annoyance from the wind turbine noise: a pilot study.  International Journal of 
Occupational Medicine & Environmental Health.  2014; 27:364-388. 

Schmidt JH, Klokker M.  Health effects related to wind turbine noise exposure: A systematic 
review.  PLoS ONE.  2014; 9(12):e114183. 

  

Exhibit A4-6

Page 11 of 12 
014597

http://www.hc-sc.gc.ca/ewh-semt/noise-bruit/turbine-eoliennes/summary-resume-eng.php


Appendix A 
A copy of the 2014 WSC report to the Wisconsin Legislature can be found on the Public Service 
Commission website at:  http://psc.wi.gov/renewables/documents/windSitingReport2014.pdf. 

It includes both minority reports as well as appendices. 
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The Panel Charge 

The Expert Panel was given the following charge by the Massachusetts Department 

of Environmental Protection (MassDEP) and Massachusetts Department of Public Health 

(MDPH): 

1. Identify and characterize attributes of concern (e.g., noise, infrasound, vibration, and light

flicker) and identify any scientifically documented or potential connection between health

impacts associated with wind energy turbines located on land or coastal tidelands that can

impact land-based human receptors.

2. Evaluate and discuss information from peer-reviewed scientific studies, other reports,

popular media, and public comments received by the MassDEP and/or in response to the

Environmental Monitor Notice and/or by the MDPH on the nature and type of health

complaints commonly reported by individuals who reside near existing wind farms.

3. Assess the magnitude and frequency of any potential impacts and risks to human health

associated with the design and operation of wind energy turbines based on existing data.

4. For the attributes of concern, identify documented best practices that could reduce

potential human health impacts.  Include examples of such best practices (design,

operation, maintenance, and management from published articles).  The best practices

could be used to inform public policy decisions by state, local, or regional governments

concerning the siting of turbines.

5. Issue a report within 3 months of the evaluation, summarizing its findings.

To meet its charge, the Panel conducted a literature review and met as a group a total of

three times.  In addition, calls were also held with Panel members to further clarify points

of discussion.
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Executive Summary 

The Massachusetts Department of Environmental Protection (MassDEP) in collaboration 

with the Massachusetts Department of Public Health (MDPH) convened a panel of independent 

experts to identify any documented or potential health impacts of risks that may be associated 

with exposure to wind turbines, and, specifically, to facilitate discussion of wind turbines and 

public health based on scientific findings.   

While the Commonwealth of Massachusetts has goals for increasing the use of wind 

energy from the current 40 MW to 2000 MW by the year 2020, MassDEP recognizes there are 

questions and concerns arising from harnessing wind energy.  The scope of the Panel’s effort 

was focused on health impacts of wind turbines per se.  The panel was not charged with 

considering any possible benefits of avoiding adverse effects of other energy sources such as 

coal, oil, and natural gas as a result of switching to energy from wind turbines.  

Currently, “regulation” of wind turbines is done at the local level through local boards of 

health and zoning boards.  Some members of the public have raised concerns that wind turbines 

may have health impacts related to noise, infrasound, vibrations, or shadow flickering generated 

by the turbines.  The goal of the Panel’s evaluation and report is to provide a review of the 

science that explores these concerns and provides useful information to MassDEP and MDPH 

and to local agencies that are often asked to respond to such concerns.  The Panel consists of 

seven individuals with backgrounds in public health, epidemiology, toxicology, neurology and 

sleep medicine, neuroscience, and mechanical engineering.  All of the Panel members are 

considered independent experts from academic institutions.   

In conducting their evaluation, the Panel conducted an extensive literature review of the 

scientific literature as well as other reports, popular media, and the public comments received by 

the MassDEP. 
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ES 1.  Panel Charge 

1. Identify and characterize attributes of concern (e.g., noise, infrasound, vibration, and light

fli cker) and identify any scientifically documented or potential connection between health

impacts associated with wind turbines located on land or coastal tidelands that can impact

land-based human receptors.

2. Evaluate and discuss information from peer reviewed scientific studies, other reports, popular

media, and public comments received by the MassDEP and/or in response to the

Environmental Monitor Notice and/or by the MDPH on the nature and type of health

complaints commonly reported by individuals who reside near existing wind farms.

3. Assess the magnitude and frequency of any potential impacts and risks to human health

associated with the design and operation of wind energy turbines based on existing data.

4. For the attributes of concern, identify documented best practices that could reduce potential

human health impacts.  Include examples of such best practices (design, operation,

maintenance, and management from published articles).  The best practices could be used to

inform public policy decisions by state, local, or regional governments concerning the siting

of turbines.

5. Issue a report within 3 months of the evaluation, summarizing its findings.

ES 2.  Process 

To meet its charge, the Panel conducted an extensive literature review and met as a group 

a total of three times.  In addition, calls were also held with Panel members to further clarify 

points of discussion.  An independent facilitator supported the Panel’s deliberations.  Each Panel 

member provided written text based on the literature reviews and analyses.  Draft versions of the 

report were reviewed by each Panel member and the Panel reached consensus for the final text 

and its findings. 

ES 3. Report Introduction and Description 

Many countries have turned to wind power as a clean energy source because it relies on 

the wind, which is indefinitely renewable; it is generated “locally,” thereby providing a measure 

of energy independence; and it produces no carbon dioxide emissions when operating.  There is 

interest in pursuing wind energy both on-land and offshore.  For this report, however, the focus 

is on land-based installations and all comments are focused on this technology.  Land-based 
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wind turbines currently range from 100 kW to 3 MW (3000 kW).  In Massachusetts, the largest 

turbine is currently 1.8 MW.  

The development of modern wind turbines has been an evolutionary design process, 

applying optimization at many levels.  An overview of the characteristics of wind turbines, noise, 

and vibration is presented in Chapter 2 of the report.  Acoustic and seismic measurements of 

noise and vibration from wind turbines provide a context for comparing measurements from 

epidemiological studies and for claims purported to be due to emissions from wind turbines.  

Appendices provide detailed descriptions and equations that allow a more in-depth 

understanding of wind energy, the structure of the turbines, wind turbine aerodynamics, 

installation, energy production, shadow flicker, ice throws, wind turbine noise, noise 

propagation, infrasound, and stall vs. pitch controlled turbines.  

Extensive literature searches and reviews were conducted to identify studies that 

specifically evaluate human population responses to turbines, as well as population and 

individual responses to the three primary characteristics or attributes of wind turbine operation: 

noise, vibration, and flicker.  An emphasis of the Panel’s efforts was to examine the biological 

plausibility or basis for health effects of turbines (noise, vibration, and flicker).  Beyond 

traditional forms of scientific publications, the Panel also took great care to review other non-

peer reviewed materials regarding the potential for health effects including information related to 

“Wind Turbine Syndrome” and provides a rigorous analysis as to whether there is scientific basis 

for it.  Since the most commonly reported complaint by people living near turbines is sleep 

disruption, the Panel provides a robust review of the relationship between noise, vibration, and 

annoyance as well as sleep disturbance from noises and the potential impacts of the resulting 

sleep deprivation. 

In assessing the state of the evidence for health effects of wind turbines, the Panel 

followed accepted scientific principles and relied on several different types of studies.  It 

considered human studies of the most important or primary value.  These were either human 

epidemiological studies specifically relating to exposure to wind turbines or, where specific 

exposures resulting from wind turbines could be defined, the panel also considered human 

experimental data.  Animal studies are critical to exploring biological plausibility and 

understanding potential biological mechanisms of different exposures, and for providing 

information about possible health effects when experimental research in humans is not ethically 
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or practicall y possible.  As such, this literature was also reviewed with respect to wind turbine 

exposures.  The non-peer reviewed material was considered part of the weight of evidence.  In all 

cases, data quality was considered; at times, some studies were rejected because of lack of rigor 

or the interpretations were inconsistent with the scientific evidence.   

ES 4.  Findings  

The findings in Chapter 4 are repeated here. 

Based on the detailed review of the scientific literature and other available reports and 

consideration of the strength of scientific evidence, the Panel presents findings relative to three 

factors associated with the operation of wind turbines: noise and vibration, shadow flicker, and 

ice throw.  The findings that follow address specifics in each of these three areas. 

ES 4.1  Noise 

ES 4.1.a Production of Noise and Vibration by Wind Turbines 

1. Wind turbines can produce unwanted sound (referred to as noise) during operation.  The

nature of the sound depends on the design of the wind turbine.  Propagation of the sound

is primarily a function of distance, but it can also be affected by the placement of the

turbine, surrounding terrain, and atmospheric conditions.

a. Upwind and downwind turbines have different sound characteristics, primarily

due to the interaction of the blades with the zone of reduced wind speed behind

the tower in the case of downwind turbines.

b. Stall regulated and pitch controlled turbines exhibit differences in their

dependence of noise generation on the wind speed

c. Propagation of sound is affected by refraction of sound due to temperature

gradients, reflection from hillsides, and atmospheric absorption.  Propagation

effects have been shown to lead to different experiences of noise by neighbors.

d. The audible, amplitude-modulated noise from wind turbines (“whooshing”) is

perceived to increase in intensity at night (and sometimes becomes more of a

“thumping”) due to multiple effects: i) a stable atmosphere will have larger wind

gradients, ii) a stable atmosphere may refract the sound downwards instead of

upwards, iii) the ambient noise near the ground is lower both because of the stable

atmosphere and because human generated noise is often lower at night.
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2. The sound power level of a typical modern utility scale wind turbine is on the order of

103 dB(A), but can be somewhat higher or lower depending on the details of the design

and the rated power of the turbine.  The perceived sound decreases rapidly with the

distance from the wind turbines.  Typically, at distances larger than 400 m, sound

pressure levels for modern wind turbines are less than 40 dB(A), which is below the level

associated with annoyance in the epidemiological studies reviewed.

3. Infrasound refers to vibrations with frequencies below 20 Hz.  Infrasound at amplitudes

over 100–110 dB can be heard and felt.  Research has shown that vibrations below these

amplitudes are not felt.  The highest infrasound levels that have been measured near

turbines and reported in the literature near turbines are under 90 dB at 5 Hz and lower at

higher frequencies for locations as close as 100 m.

4. Infrasound from wind turbines is not related to nor does it cause a “continuous

whooshing.”

5. Pressure waves at any frequency (audible or infrasonic) can cause vibration in another

structure or substance.  In order for vibration to occur, the amplitude (height) of the wave

has to be high enough, and only structures or substances that have the ability to receive

the wave (resonant frequency) will vibrate.

ES 4.1.b Health Impacts of Noise and Vibration 

1. Most epidemiologic literature on human response to wind turbines relates to self-reported

“annoyance,” and this response appears to be a function of some combination of the

sound itself, the sight of the turbine, and attitude towards the wind turbine project.

a. There is limited epidemiologic evidence suggesting an association between exposure

to wind turbines and annoyance.

b. There is insufficient epidemiologic evidence to determine whether there is an

association between noise from wind turbines and annoyance independent from the

effects of seeing a wind turbine and vice versa.
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2. There is limited evidence from epidemiologic studies suggesting an association between

noise from wind turbines and sleep disruption.  In other words, it is possible that noise

from some wind turbines can cause sleep disruption.

3. A very loud wind turbine could cause disrupted sleep, particularly in vulnerable

populations, at a certain distance, while a very quiet wind turbine would not likely disrupt

even the lightest of sleepers at that same distance.  But there is not enough evidence to

provide particular sound-pressure thresholds at which wind turbines cause sleep

disruption.  Further study would provide these levels.

4. Whether annoyance from wind turbines leads to sleep issues or stress has not been

sufficiently quantified.  While not based on evidence of wind turbines, there is evidence

that sleep disruption can adversely affect mood, cognitive functioning, and overall sense

of health and well-being.

5. There is insufficient evidence that the noise from wind turbines is directly (i.e.,

independent from an effect on annoyance or sleep) causing health problems or disease.

6. Claims that infrasound from wind turbines directly impacts the vestibular system have

not been demonstrated scientifically.  Available evidence shows that the infrasound levels

near wind turbines cannot impact the vestibular system.

a. The measured levels of infrasound produced by modern upwind wind turbines at

distances as close as 68 m are well below that required for non-auditory perception

(feeling of vibration in parts of the body, pressure in the chest, etc.).

b. If infrasound couples into structures, then people inside the structure could feel a

vibration.  Such structural vibrations have been shown in other applications to lead to

feelings of uneasiness and general annoyance.  The measurements have shown no

evidence of such coupling from modern upwind turbines.

c. Seismic (ground-carried) measurements recorded near wind turbines and wind turbine

farms are unlikely to couple into structures.

d. A possible coupling mechanism between infrasound and the vestibular system (via

the Outer Hair Cells (OHC) in the inner ear) has been proposed but is not yet fully

understood or sufficiently explained.  Levels of infrasound near wind turbines have

been shown to be high enough to be sensed by the OHC.  However, evidence does not
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exist to demonstrate the influence of wind turbine-generated infrasound on vestibular-

mediated effects in the brain. 

e. Limited evidence from rodent (rat) laboratory studies identifies short-lived

biochemical alterations in cardiac and brain cells in response to short exposures to

emissions at 16 Hz and 130 dB.  These levels exceed measured infrasound levels

from modern turbines by over 35 dB.

7. There is no evidence for a set of health effects, from exposure to wind turbines that could

be characterized as a "Wind Turbine Syndrome."

8. The strongest epidemiological study suggests that there is not an association between

noise from wind turbines and measures of psychological distress or mental health

problems.  There were two smaller, weaker, studies: one did note an association, one did

not.  Therefore, we conclude the weight of the evidence suggests no association between

noise from wind turbines and measures of psychological distress or mental health

problems.

9. None of the limited epidemiological evidence reviewed suggests an association between

noise from wind turbines and pain and stiffness, diabetes, high blood pressure, tinnitus,

hearing impairment, cardiovascular disease, and headache/migraine.

ES 4.2  Shadow Flicker 

ES 4.2.a Production of Shadow Flicker 

Shadow flicker results from the passage of the blades of a rotating wind turbine between 

the sun and the observer.   

1. The occurrence of shadow flicker depends on the location of the observer relative to the

turbine and the time of day and year.

2. Frequencies of shadow flicker elicited from turbines is proportional to the rotational

speed of the rotor times the number of blades and is generally between 0.5 and 1.1 Hz for

typical larger turbines.

3. Shadow flicker is only present at distances of less than 1400 m from the turbine.

ES 4.2.b Health Impacts of Shadow Flicker 

1. Scientific evidence suggests that shadow flicker does not pose a risk for eliciting seizures

as a result of photic stimulation.
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2. There is limited scientific evidence of an association between annoyance from prolonged

shadow flicker (exceeding 30 minutes per day) and potential transitory cognitive and

physical health effects.

ES 4.3  Ice Throw 

ES 4.3.a Production of Ice Throw 

Ice can fall or be thrown from a wind turbine during or after an event when ice forms or 

accumulates on the blades.   

1. The distance that a piece of ice may travel from the turbine is a function of the wind

speed, the operating conditions, and the shape of the ice.

2. In most cases, ice falls within a distance from the turbine equal to the tower height, and in

any case, very seldom does the distance exceed twice the total height of the turbine

(tower height plus blade length).

ES 4.3.b Health Impacts of Ice Throw 

1. There is sufficient evidence that falling ice is physically harmful and measures should be

taken to ensure that the public is not likely to encounter such ice.

ES 4.4  Other Considerations 

In addition to the specific findings stated above for noise and vibration, shadow flicker 

and ice throw, the Panel concludes the following:  

1. Effective public participation in and direct benefits from wind energy projects (such as

receiving electricity from the neighboring wind turbines) have been shown to result in

less annoyance in general and better public acceptance overall.

ES 5.   Best Practices Regarding Human Health Effects of Wind Turbines 

The best practices presented in Chapter 5 are repeated here. 

Broadly speaking, the term “best practice” refers to policies, guidelines, or 

recommendations that have been developed for a specific situation.  Implicit in the term is that 

the practice is based on the best information available at the time of its institution.  A best 

practice may be refined as more information and studies become available.  The panel recognizes 

that in countries which are dependent on wind energy and are protective of public health, best 

practices have been developed and adopted. 
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In some cases, the weight of evidence for a specific practice is stronger than it is in other 

cases.  Accordingly, best practice* may be categorized in terms of the evidence available, as 

follows:  

Descriptions of Three Best Practice Categories 

Category Name Description 

1 Research Validated 
Best Practice 

A program, activity, or strategy that has the highest degree 
of proven effectiveness supported by objective and 
comprehensive research and evaluation.  

2 Field Tested Best 
Practice 

A program, activity, or strategy that has been shown to 
work effectively and produce successful outcomes and is 
supported to some degree by subjective and objective data 
sources. 

3 Promising Practice 

A program, activity, or strategy that has worked within one 
organization and shows promise during its early stages for 
becoming a best practice with long-term sustainable 
impact.  A promising practice must have some objective 
basis for claiming effectiveness and must have the 
potential for replication among other organizations. 

*These categories are based on those suggested in “Identifying and Promoting Promising Practices.”
Federal Register, Vol. 68. No 131. 131. July 2003.  
www.acf.hhs.gov/programs/ccf/about_ccf/gbk_pdf/pp_gbk.pdf 

ES 5.1 Noise 

Evidence regarding wind turbine noise and human health is limited.   There is limited 

evidence of an association between wind turbine noise and both annoyance and sleep disruption, 

depending on the sound pressure level at the location of concern.  However, there are no 

research-based sound pressure levels that correspond to human responses to noise.  A number of 

countries that have more experience with wind energy and are protective of public health have 

developed guidelines to minimize the possible adverse effects of noise.  These guidelines 

consider time of day, land use, and ambient wind speed.  The table below summarizes the 

guidelines of Germany (in the categories of industrial, commercial and villages) and Denmark 

(in the categories of sparsely populated and residential).  The sound levels shown in the table are 
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for nighttime and are assumed to be taken immediately outside of the residence or building of 

concern.  In addition, the World Health Organization recommends a maximum nighttime sound 

pressure level of 40 dB(A) in residential areas.  Recommended setbacks corresponding to these 

values may be calculated by software such as WindPro or similar software.  Such calculations 

are normally to be done as part of feasibility studies.  The Panel considers the guidelines shown 

below to be Promising Practices (Category 3) but to embody some aspects of Field Tested Best 

Practices (Category 2) as well. 

 Promising Practices for Nighttime Sound Pressure Levels by Land Use Type 

Land Use Sound Pressure Level, 
dB(A) Nighttime Limits 

Industrial 70 

Commercial 50 

Villages, mixed usage 45 

Sparsely populated areas, 8 m/s wind* 44 

Sparsely populated areas, 6 m/s wind* 42 

Residential areas, 8 m/s wind* 39 

Residential areas, 6 m/s wind* 37 
*measured at 10 m above ground, outside of residence or location of concern

The time period over which these noise limits are measured or calculated also makes a 

difference.  For instance, the often-cited World Health Organization recommended nighttime 

noise cap of 40 dB(A) is averaged over one year (and does not refer specifically to wind turbine 

noise).  Denmark’s noise limits in the table above are calculated over a 10-minute period.  These 

limits are in line with the noise levels that the epidemiological studies connect with insignificant 

reports of annoyance.  

The Panel recommends that noise limits such as those presented in the table above be 

included as part of a statewide policy regarding new wind turbine installations.  In addition, 

suitable ranges and procedures for cases when the noise levels may be greater than those values 

should also be considered.  The considerations should take into account trade-offs between 
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environmental and health impacts of different energy sources, national and state goals for energy 

independence, potential extent of impacts, etc.   

The Panel also recommends that those involved in a wind turbine purchase become 

familiar with the noise specifications for the turbine and factors that affect noise production and 

noise control.  Stall and pitch regulated turbines have different noise characteristics, especially in 

high winds.  For certain turbines, it is possible to decrease noise at night through suitable control 

measures (e.g., reducing the rotational speed of the rotor).  If noise control measures are to be 

considered, the wind turbine manufacturer must be able to demonstrate that such control is 

possible.  

The Panel recommends an ongoing program of monitoring and evaluating the sound 

produced by wind turbines that are installed in the Commonwealth.  IEC 61400-11 provides the 

standard for making noise measurements of wind turbines (International Electrotechnical 

Commission, 2002).  In general, more comprehensive assessment of wind turbine noise in 

populated areas is recommended.  These assessments should be done with reference to the 

broader ongoing research in wind turbine noise production and its effects, which is taking place 

internationally.  Such assessments would be useful for refining siting guidelines and for 

developing best practices of a higher category. Closer investigation near homes where outdoor 

measurements show A and C weighting differences of greater than 15 dB is recommended.   

ES 5.2 Shadow Flicker 

Based on the scientific evidence and field experience related to shadow flicker, Germany has 

adopted guidelines that specify the following: 

1. Shadow flicker should be calculated based on the astronomical maximum values (i.e., not

considering the effect of cloud cover, etc.).

2. Commercial software such as WindPro or similar software may be used for these

calculations.  Such calculations should be done as part of feasibility studies for new wind

turbines.

3. Shadow flicker should not occur more than 30 minutes per day and not more than 30

hours per year at the point of concern (e.g., residences).

4. Shadow flicker can be kept to acceptable levels either by setback or by control of the

wind turbine.  In the latter case, the wind turbine manufacturer must be able to

demonstrate that such control is possible.
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The guidelines summarized above may be considered to be a Field Tested Best Practice 

(Category 2).  Additional studies could be performed, specifically regarding the number of hours 

per year that shadow flicker should be allowed, that would allow them to be placed in Research 

Validated (Category 1) Best Practices.  

ES 5.3 Ice Throw 

Ice falling from a wind turbine could pose a danger to human health.  It is also clear that the 

danger is limited to those times when icing occurs and is limited to relatively close proximity to 

the wind turbine.  Accordingly, the following should be considered Category 1 Best Practices. 

1. In areas where icing events are possible, warnings should be posted so that no one passes

underneath a wind turbine during an icing event and until the ice has been shed.

2. Activities in the vicinity of a wind turbine should be restricted during and immediately

after icing events in consideration of the following two limits (in meters).

For a turbine that may not have ice control measures, it may be assumed that ice could

fall within the following limit: 

( )HRx throw += 25.1max,

Where: R = rotor radius (m), H = hub height (m) 

For ice falling from a stationary turbine, the following limit should be used: 

( ) 15/max, HRUx fall +=

Where: U = maximum likely wind speed (m/s) 

The choice of maximum likely wind speed should be the expected one-year return 

maximum, found in accordance to the International Electrotechnical Commission’s 

design standard for wind turbines, IEC 61400-1. 

Danger from falling ice may also be limited by ice control measures.  If ice control 

measures are to be considered, the wind turbine manufacturer must be able to demonstrate that 

such control is possible. 

ES 5.4 Public Participation/Annoyance 

There is some evidence of an association between participation, economic or otherwise, 

in a wind turbine project and the annoyance (or lack thereof) that affected individuals may 

express.  Accordingly, measures taken to directly involve residents who live in close proximity 
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to a wind turbine project may also serve to reduce the level of annoyance.  Such measures may 

be considered to be a Promising Practice (Category 3).   

ES 5.5 Regulations/Incentives/Public Education 

The evidence indicates that in those parts of the world where there are a significant 

number of wind turbines in relatively close proximity to where people live, there is a close 

coupling between the development of guidelines, provision of incentives, and educating the 

public.  The Panel suggests that the public be engaged through such strategies as education, 

incentives for community-owned wind developments, compensations to those experiencing 

documented loss of property values, comprehensive setback guidelines, and public education 

related to renewable energy.  These multi-faceted approaches may be considered to be a 

Promising Practice (Category 3). 
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Chapter  1 

Introduction to the Study 

The Massachusetts Department of Environmental Protection (MassDEP), in collaboration 

with the Massachusetts Department of Public Health (MDPH), convened a panel of independent 

experts to identify any documented or potential health impacts or risks that may be associated 

with exposure to wind turbines, and, specifically, to facilitate discussion of wind turbines and 

public health based on sound science.  While the Commonwealth of Massachusetts has goals for 

increasing the use of wind energy from the current 40 MW to 2000 MW by the year 2020, 

MassDEP recognizes there are questions and concerns arising from harnessing wind energy.  

Although fossil fuel non-renewable sources have negative environmental and health impacts, it 

should be noted that the scope of the Panel’s effort was focused on wind turbines and is not 

meant to be a comparative analysis of the relative merits of wind energy vs. nonrenewable fossil 

fuel sources such as coal, oil, and natural gas.  Currently, “regulation” of wind turbines is done at 

the local level through local boards of health and zoning boards.  Some members of the public 

have raised concerns that wind turbines may have health impacts related to noise, infrasound, 

vibrations, or shadow flickering generated by the turbines.  The goal of the Panel’s evaluation 

and report is to provide a review of the science that explores these concerns and provides useful 

information to MassDEP and MDPH and to local agencies who are often asked to respond to 

such concerns.  

The overall context for this study is that the use of wind turbines results in positive 

effects on public health and environmental health.  For example, wind turbines operating in 

Massachusetts produce electricity in the amount of approximately 2,100–2,900 MWh annually 

per rated MW, depending on the design of the turbine and the average wind speed at the 

installation site.  Furthermore, the use of wind turbines for electricity production in the New 

England electrical grid will result in a significant decrease in the consumption of conventional 

fuels and a corresponding decrease in the production of CO2 and oxides of nitrogen and sulfur 

(see Appendix A for details).  Reductions in the production of these pollutants will have 

demonstrable and positive benefits on human and environmental health.  However, local impacts 

of wind turbines, whether anticipated or demonstrated, have resulted in fewer turbines being 

installed than might otherwise have been expected.  To the extent that these impacts can be 
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ameliorated, it should be possible to take advantage of the indigenous wind energy resource 

more effectively. 

The Panel consists of seven individuals with backgrounds in public health, epidemiology, 

toxicology, neurology and sleep medicine, neuroscience, and mechanical engineering.  With the 

exception of two individuals (Drs. Manwell and Mills), Panel members did not have any direct 

experience with wind turbines.  The Panel did an extensive literature review of the scientific 

literature (see bibliography) as well as other reports, popular media, and the public comments 

received by the MassDEP. 
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Chapter  2 

Introduction to Wind Turbines

This chapter provides an introduction to wind turbines so as to provide a context for the 

discussion that follows.  More information on wind turbines may be found in the appendices, 

particularly in Appendix A. 

2.1 Wind Turbine Anatomy and Operation 

Wind turbines utilize the wind, which originates from sunlight due to the differential 

heating of various parts of the earth.  This differential heating produces zones of high and low 

pressure, resulting in air movement.  The motion of the air is also affected by the earth’s rotation. 

Many countries have turned to wind power as a clean energy source because it relies on the 

wind, which is indefinitely renewable; it is generated “locally,” thereby providing a measure of 

energy independence; and it produces no carbon dioxide emissions when operating.  There is 

interest in pursuing wind energy both on-land and offshore.  For this report, however, the focus 

is on land-based installations, and all comments will focus on this technology. 

The development of modern wind turbines has been an evolutionary design process, 

applying optimization at many levels.  This section gives a brief overview of the characteristics 

of wind turbines with some mention of the optimization parameters of interest.  Appendix A 

provides a detailed explanation of wind energy.   

The main features of modern wind turbines one notices are the very tall towers, which are 

no longer a lattice structure but a single cylindrical-like structure and the three upwind, very 

long, highly contoured turbine blades.  The tower design has evolved partly because of biological 

impact factors as well as for other practical reasons.  The early lattice towers were attractive 

nesting sites for birds.  This led to an unnecessary impact of wind turbines on bird populations.  

The lattice structures also had to be climbed externally by turbine technicians.  The tubular 

towers, which are now more common, are climbed internally.  This reduces the health risks for 

maintenance crews.   

The power in the wind available to a wind turbine is related to the cube of the wind speed 

and the square of the radius of the rotor.  Not all the available power in the wind can be captured 

by a wind turbine, however.  Betz (van Kuik, 2007) showed that the maximum power that can be 

extracted is 16/27 times the available power (see Appendix A).  In an attempt to extract the 
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maximum power from the wind, modern turbines have very large rotors and the towers are quite 

high.  In this way the dependence on the radius is “optimized,” and the dependence on the wind 

speed is “optimized.”  The wind speed is higher away from the ground due to boundary layer 

effects, and as such, the towers are made higher in order to capture the higher speed winds (more 

information about the wind profiles and variability is found in Appendix A).  It is noted here that 

the rotor radius may increase again in the future, but currently the largest rotors used on land are 

around 100 m in diameter.  This upper limit is currently a function of the radius of curvature of 

the roads on which the trucks that deliver the turbine blades must drive to the installation sites.  

Clearance under bridges is also a factor.  

The efficiency with which the wind’s power is captured by a particular wind turbine (i.e., 

how close it comes to the Betz limit) is a function of the blade design, the gearbox, the electrical 

generator, and the control system.  The aerodynamic forces on the rotor blade play a major role.  

The best design maximizes lift and minimizes drag at every blade section from hub to tip.  The 

twisted and tapered shapes of modern blades attempt to meet this optimal condition.  Other 

factors also must be taken into consideration such as structural strength, ease of manufacturing 

and transport, type of materials, cost, etc.  

Beyond these visual features, the number of blades and speed of the tips play a role in the 

optimization of the performance through what is called solidity.  When setting tip speeds based 

on number of blades, however, trade-offs exist because of the influence of these parameters on 

weight, cost, and noise.  For instance, higher tip speeds often results in more noise.   

The dominance of the 3-bladed upwind systems is both historic and evolutionary.  The 

European manufacturers moved to 3-bladed systems and installed numerous turbines, both in 

Europe and abroad.  Upwind systems are preferable to downwind systems for on-land 

installations because they are quieter.  The downwind configuration has certain useful features 

but it suffers from the interaction noise created when the blades pass through the wake that forms 

behind the tower.  

The conversion of the kinetic energy of the wind into electrical energy is handled by the 

rotor nacelle assembly (RNA), which consists of the rotor, the drive train, and various ancillary 

components.  The rotor grouping includes the blades, the hub, and the pitch control components. 

The drive train includes the shafts, bearings, gearbox (not necessary for direct drive generators), 
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couplings, mechanical brake, and generator.  A schematic of the RNA, together with more detail 

concerning the operation of the various parts, is in Appendix A.  

The rotors are controlled so as to generate electricity most effectively and as such must 

withstand continuously fluctuating forces during normal operation and extreme loads during 

storms.  Accordingly, in general a wind turbine rotor does not operate at its own maximum 

power coefficient at all wind speeds.  Because of this, the power output of a wind turbine is 

generally described by a relationship, known as a power curve.  A typical power curve is shown 

in the appendix.  Below the cut-in speed no power is produced.  Between cut-in and rated wind 

speed the power increases significantly with wind speed.  Above the rated speed, the power 

produced is constant, regardless of the wind speed, and above the cut-out speed the turbine is 

shut down often with use of the mechanical brake. 

Two main types of rotor control systems exist:  pitch and stall.  Stall controlled turbines 

have fixed blades and operate at a fixed speed.  The aerodynamic design of the blades is such 

that the power is self-limiting, as long as the generator is connected to the electrical grid.  Pitch 

regulated turbines have blades that can be rotated about their long axis.  Such an arrangement 

allows more precise control.  Pitch controlled turbines are also generally quieter than stall 

controlled turbines, especially at higher wind speeds.  Until recently, many turbines used stall 

control.  At present, most large turbines use pitch control.  Appendices A and F provide more 

details on pitch and stall. 

The energy production of a wind turbine is usually considered annually.  Estimates are 

usually obtained by calculating the expected energy that will be produced every hour of a 

representative year (by considering the turbine’s power curve and the estimated wind resource) 

and then summing the energy from all the hours.  Sometimes a normalized term known as the 

capacity factor (CF) is used to characterize the performance.  This is the actual energy produced 

(or estimated to be produced) divided by the amount of energy that would be produced if the 

turbine were running at its rated output for the entire year.  Appendix A gives more detail on 

these computations.   
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2.2  Noise from Turbines 

Because of the concerns about the noise generated from wind turbines, a short summary 

of the sources of noise is provided here.  A thorough description of the various noise sources 

from a wind turbine is given in the text by Wagner et al. (1996).  

A turbine produces noise mechanically and aerodynamically.  Mechanical noise sources 

include the gearbox, generator, yaw drives, cooling fans, and auxiliary equipment such as 

hydraulics.  Because the emitted sound is associated with the rotation of mechanical and 

electrical equipment, it is often tonal.  For instance, it was found that noise associated with a 

1500 kW turbine with a generator running at  speeds between 1100 and 1800 rpm contained a 

tone between 20 and 30 Hz (Betke et al., 2004).  The yaw system on the other hand might 

produce more of a grinding type of noise but only when the yaw mechanism is engaged.  The 

transmission of mechanical noise can be either airborne or structure-borne as the associated 

vibrations can be transmitted into the hub and tower and then radiated into the surrounding 

space.   

Advances in gearboxes and yaw systems have decreased these noise sources over the 

years.  Direct drive systems will improve this even more.  In addition, utility scale wind turbines 

are usually insulated to prevent mechanical noise from proliferating outside the nacelle or tower 

(Alberts, 2006) 

Aerodynamic sound is generated due to complex fluid-structure interactions occurring on 

the blades.  Wagner et al. (1996) break down the sources of aerodynamic sound as follows in 

Table 1. 
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Table 1 

Sources of Aerodynamic Sound from a Wind Turbine (Wagner et al., 1996). 

Noise Type Mechanism Characteristic 

Trailing-edge noise Interaction of boundary layer 
turbulence with blade trailing 
edge 

Broadband, main source of high 
frequency noise (770 Hz < f <  
2 kHz) 

Tip noise Interaction of tip turbulence 
with blade tip surface 

Broadband 

Stall, separation noise Interaction of turbulence with 
blade surface 

Broadband 

Laminar boundary layer 
noise 

Non-linear boundary layer 
instabilities interacting with the 
blade surface 

Tonal 

Blunt trailing edge noise Vortex shedding at blunt 
trailing edge 

Tonal 

Noise from flow over 
holes, slits, and 
intrusions 

Unsteady shear flows over 
holes and slits, vortex shedding 
from intrusions 

Tonal 

Inflow turbulence noise Interaction of blade with 
atmospheric turbulence 

Broadband 

Steady thickness noise, 
steady loading noise 

Rotation of blades or rotation of 
lifting surface 

Low frequency related to blade 
passing frequency (outside of 
audible range) 

Unsteady loading noise Passage of blades through 
varying velocities, due to pitch 
change or blade altitude change 
as it rotates* 
For downwind turbines passage 
through tower shadow  

Whooshing or beating, 
amplitude modulation of 
audible broadband noise.  For 
downwind turbines, impulsive 
noise at blade passing 
frequency 

*van den Berg 2004.
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Of these mechanisms, the most persistent and often strongest source of aerodynamic 

sound from modern wind turbines is the trailing edge noise.  It is also the amplitude modulation 

of this noise source due to the presence of atmospheric effects and directional propagation effects 

that result in the whooshing or beating sound often reported (van den Berg, 2004).  As a turbine 

blade rotates through a changing wind stream, the aerodynamics change, leading to differences 

in the boundary layer and thus to differences in the trailing edge noise (Oerlemans, 2009).  Also, 

the direction in which the blade is pointing changes as it rotates, leading to differences in the 

directivity of the noise from the trailing edge.  This noise source leads to what some people call 

the “whooshing” sound. 

Most modern turbines use pitch control for a variety of reasons.  One of the reasons is 

that at higher wind speeds, when the control system has the greatest impact, the pitch controlled 

turbine is quieter than a comparable stall regulated turbine would be.  Appendix E shows the 

difference in the noise from two such systems. 

When discussing noise from turbines, it is important to also consider propagation effects 

and multiple turbine effects.  One propagation effect of interest is due to the dependence of the 

speed of sound on temperature.  When there is a large temperature gradient (which may occur 

during the day due to surface warming or due to topography such as hills and valleys) the path a 

sound wave travels will be refracted.  Normally this means that during a typical day sound is 

“turned” away from the earth’s surface.  However, at night the sound propagates at a constant 

height or even be “turned” down toward the earth’s surface, making it more noticeable than it 

otherwise might be. 

The absorption of sound by vegetation and reflection of sound from hillsides are other 

propagation effects of interest.  Several of these effects were shown to be influencing the sound 

field near a few homes in North Carolina that were impacted by a wind turbine installation 

(Kelley et al., 1985).  A downwind 2-bladed, 2 MW turbine was installed on a mountaintop in 

North Carolina.  It created high amplitude impulsive noise due to the interaction of the blades 

and the tower wakes.  Some homes (10 in 1000) were adversely affected by this high amplitude 

impulsive noise.  It is shown in the report by Kelley et al. (1985) that echoes and focusing due to 

refraction occurred at the location of the affected homes. 

In flat terrain, noise in the audible range will propagate along a flat terrain in a manner 

such that its amplitude will decay exactly as distance from the source (1/distance).  Appendix E 
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provides formulae for approximating the overall sound level at a given distance from a source. 

In the inaudible range, it has been noted that often the sound behaves as if the propagation was 

governed by a 1/(distance)1/2 (Shepherd & Hubbard, 1991). 

When one considers the noise from a wind farm in which multiple turbines are located 

close to each other, an estimate for the overall noise from the farm can be obtained.  Appendix E 

describes the method for obtaining the estimate.  All these estimates rely on information 

regarding the sound power generated by the turbine at the hub height.  The power level for 

several modern turbines is given in Appendix D. 

2.2.a Measurement and Reporting of Noise 

Turbines produce multiple types of sound as indicated previously, and the sound is 

characterized in several ways: tonal or broadband, constant amplitude or amplitude modulated, 

and audible or infrasonic.  The first two characterization pairs have been mentioned previously. 

Audible refers to sound with frequencies from 20 Hz to 20 kHz.  The waves in the infrasonic 

range, less than 20 Hz, may actually be audible if the amplitude of the sound is high enough.  

Appendix D provides a brief primer on acoustics and the hearing threshold associated with the 

entire frequency spectrum. 

Sound is simply pressure fluctuations and as such, this is what a microphone measures.  

However, the amplitude of the fluctuations is reported not in units of pressure (such as Pascals) 

but on a decibel scale.  The sound pressure level (SPL) is defined by 

SPL = 10 log10 [p
2/p2

ref] = 20 log10(p/pref) 

the resulting number having the units of decibels (dB).  The reference pressure pref for airborne 

sound is 20 x 10-6 Pa (i.e., 20 µPa or 20 micro Pascals).  Some implications of the decibel scale 

are noted in Appendix D. 

When sound is broadband (contains multiple frequencies), it is useful to use averages that 

measure approximately the amplitude of the sound and its frequency content.  Standard 

averaging methods such as octave and 1/3-octave band are described in Appendix D.  In essence, 

the entire frequency range is broken into chunks, and the amplitude of the sound at frequencies 

in each chunk is averaged.  An overall sound pressure value can be obtained by averaging all of 

the bands. 
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When presenting the sound pressure it is common to also use a filter or weighting.  The 

A-weighting is commonly used in wind turbine measurements.  This filter takes into account the 

threshold of human hearing and gives the same decibel reading at different frequencies that 

would equate to equal loudness.  This means that at low frequencies (where amplitudes have to 

be incredibly high for the sound to be heard by people) a large negative weight would be applied. 

C-weighting only filters the levels at frequencies below about 30 Hz and above 4 kHz and filters 

them only slightly between 0 and 30 Hz.  The weight values for both the A and C weightings 

filters are shown in Appendix D, and an example with actual wind turbine data is presented.  

There are many other weighting methods.  For instance, the day-night level filter 

penalizes nighttime noise between the hours of 10 p.m. and 7 a.m. by adding an additional 10 dB 

to sound produced during these hours.  

When analyzing wind turbine and other anthropogenic sound there is a question as to 

what averaging period should be used.  The World Health Organization uses a yearly average. 

Others argue though that especially for wind turbines, which respond to seasonal variations as 

well as diurnal variations, much shorter averages should be considered.   

2.2.b Infrasound and Low-frequency Noise (IFLN) 

The term infrasound refers to pressure waves with frequencies less than 20 Hz.  In the 

infrasonic range, the amplitude of the sound must be very high for it to be audible to humans.  

For instance, the hearing threshold below 20 Hz requires that the amplitude be above 80 dB for it 

to be heard and at 5 Hz it has to be above 103 dB (O’Neal, 2011; Watanabe & Moeller, 1990).  

This gives little room between the audible and the pain values for the infrasound range: 165 dB 

at 2 Hz and 145 dB at 20 Hz cause pain (Leventhal, 2006). 

The low frequency range is usually characterized as 20–200 Hz (Leventhal, 2006; 

O’Neal, 2011).  This is within the audible range but again the threshold of hearing indicates that 

fairly high amplitude is required in this frequency range as well.  The A-weighting of sound is 

based upon the threshold of human hearing such that it reports the measured values adjusted by -

50 dB at 20 Hz, -10 dB at 200 Hz, and + 1 dB at 1000 Hz.  The A-weighting curve is shown in 

Appendix D.    

It is known that low frequency waves propagate with less attenuation than high-frequency 

waves.  Measurements have shown that the amplitude for the airborne infrasonic waves can be 

cylindrical in nature, decaying at a rate inversely proportional to the square root of the distance 
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from the source.  Normally the decay of the amplitude of an acoustic wave is inversely 

proportional to the distance (Shepherd & Hubbard, 1991).   

It is difficult to find reliable and comparable infrasound and low frequency noise (ILFN) 

measurement data in the peer-reviewed literature.  Table 2 provides some examples of such 

measurements from wind turbines.  For each case, the reliability of the infrasonic data is not 

known (the infrasonic measurement technique is not described in each report), although it is 

assumed that the low frequency noise was captured accurately.  The method for obtaining the 

sound pressure level is not described for each reported data set, and some may come from 

averages over many day/time/wind conditions while others may be just from a single day’s 

measurement campaign.  
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Table 2 
Literature-based Measurements of Wind Turbines; dB alone refers to unweighted values 

Turbine 
Rating (kW) 

Distance 
(m) Frequency 

Sound Pressure 
Level Reference 

500 200 
5 55 dB(G)2 

Jakobsen, 20053 
20 35 dB(G)2 

3200 68 
4 72 dB(G)2 

Jakobsen, 20053 
20 50 dB(G)2 

1500 65 
5 >70 dB(A) 

Leventhal, 2006 20 60 dB(A) 

100 35 dB(A) 

2000 (2) 100 
5 95 dB 

van den Berg, 
20043 

20 65 dB 

200 55 dB 

1500 98 

1 90 dB 

Jung, 20083 
10 70 dB 

20 68 dB 

100 68 dB 

200 60 dB 

- 450 
10 75 dB 

Palmer, 2010 100 55 dB 

200 40 dB 

2300 305 
5 73 dB(A) 

O’Neal, 20113 20 55 dB(A) - 95 

100 50 dB(A) - 70 
1dB alone refers to un-weighted values.  
2G weighting reflects human response to infrasound.  The curve is defined to 
have a gain of zero dB at 10 Hz.  Between 1 Hz and 20 Hz the slope is 
approximately 12 dB per octave.  The cut-off below 1 Hz has a slope of 24 
dB per octave, and above 20 Hz the slope is -24 dB per octave.  Humans can 
hear 95 dB(G).   
3Indicates peer-reviewed article.

When these recorded levels are taken at face value, one might conclude that the 

infrasonic regime levels are well below the audible threshold.  In contrast, the low frequency 

regime becomes audible around 30 Hz.  Such data have led many researchers to conclude that 

the infrasound and low frequency noise from wind turbines is not an issue (Leventhal, 2009; 

O'Neal, 2011; Bowdler, 2009).  Others who have sought explanations for complaints from those 

living near wind turbines have pointed to ILFN as a problem (Pierpont, 2009; Branco & Alves-
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Pereira, 2004).  Some have declared the low frequency range to be of greatest concern 

(Kamperman et al., 2008; Jung, 2008).  

It is important to make the clear distinction between amplitude-modulated noise from 

wind turbines and the ILFN from turbines.  Amplitude modulation in wind turbines noise has 

been discussed at length by Oerlemans (2009) and van den Berg (2004).  Amplitude modulation 

is what causes the whooshing sound referred to as swish-swish by van den Berg (that sometimes 

becomes a thumping sound).  The whooshing noise created by modern wind turbines occurs 

because of variations in the trailing edge noise produced by a rotor blade as it sweeps through its 

path and the directionality of the noise because of the perceived pitch of the blade at different 

locations along its 360° rotation.  The sound is produced in the audible range, and it is modulated 

so that it is quiet and then loud and then quiet again at a rate related to the blade passing 

frequency (rate blades pass the tower) which is often around 1 Hz.  Van den Berg (2004) noted 

that the level of amplitude modulation is often greater at night because the difference between 

the wind speed at the top and bottom of the rotor disc can be much larger at night when there is a 

stable atmosphere than during the day when the wind profile is less severe.  It is further argued 

that in a stable atmosphere there is little wind near the ground so wind noise does not mask the 

turbine noise for a listener near the ground.  Finally, atmospheric effects can change the 

propagation of the sound refracting the noise towards the ground rather than away from the 

ground.  The whooshing that is heard is NOT infrasound and much of its content is not at low 

frequency.  Most of the sound is at higher frequency and as such it will be subject to higher 

atmospheric attenuation than the low frequency sound.  An anecdotal finding that the whooshing 

sound carries farther when the atmosphere is stable does not imply that it is infrasound or heavy 

in low frequency content, it simply implies that the refraction of the sound is also different when 

the atmosphere is stable.  It is important to note then that when a complaint is tied to the 

thumping or whooshing that is being heard, the complaint may not be about ILFN at all even if 

the complaint mentions low frequency noise.  Kamperman et al. (2008) state that, “It is not clear 

to us whether the complaints about “low frequency” noise are about the audible low frequency 

part of the “swoosh-boom” sound, the once-per-second amplitude modulation … of the “swoosh-

boom” sound, or some combination of the two.”   
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Chapter  3 

Health Effects 

3.1 Introduction 

Chapter 3 reviews the evidence for human health effects of wind turbines.  Extensive 

literature searches and reviews were conducted to identify studies that specifically evaluate 

population responses to turbines, as well as population and individual responses to noise, 

vibration, and flicker.  The biological plausibility or basis for health effects of turbines (noise, 

vibration, and flicker) was examined.  Beyond traditional forms of scientific publications, the 

Panel also reviewed other non-peer reviewed materials including information related to “Wind 

Turbine Syndrome” and provides a rigorous analysis of its scientific basis.  Since the most 

commonly reported complaint by people living near turbines is sleep disruption, the Panel 

provides a robust review of the relationship between noise, vibration, annoyance as well as sleep 

disturbance from noises and the potential impacts of the resulting sleep deprivation. 

In assessing the state of the evidence for health effects of wind turbines, the Panel relied 

on several different types of studies.  It considered human studies of primary value.  These were 

either human epidemiological studies specifically relating to exposure to wind turbines or, where 

specific exposures resulting from wind turbines could be defined, the Panel also considered 

human experimental data.  Animal studies are critical to exploring biological plausibility and 

understanding potential biological mechanisms of different exposures, and for providing 

information about possible health effects when experimental research in humans is not ethically 

or practically possible (National Research Council (NRC), 1991).  As such, this literature was 

also reviewed with respect to wind turbine exposures.  In all cases, data quality is considered.  At 

times some studies were rejected because of lack of rigor or the interpretations were inconsistent 

with the scientific evidence.  These are identified in the discussion below.  

In the specific case of the possibility of ice being thrown from wind turbine blades, the 

Panel discusses the physics of such ice throw in order to provide the basis of the extent of the 

potential for injury from thrown ice (see Chapter 2). 
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3.2 Human Exposures to Wind Turbines 

Epidemiologic study designs differ in their ability to provide evidence of an association 

(Ellwood, 1998).  Typical study designs include randomized trials, cohort studies, and case-

control studies and can include elements of prospective follow-up, retrospective assessments, or 

cross-sectional analysis where exposure and outcome data are essentially concurrent.  Each of 

these designs has strengths and weaknesses and thus can provide varying levels of strength of 

evidence for causal associations between exposures and outcomes, which can also be affected by 

analytic choices.  Thus, this literature needs to be examined in detail, regardless of study type, to 

determine strength of evidence for causality. 

Review of this literature began with a PubMed search for “wind turbine” or “wind 

turbines” to identify peer-reviewed literature pertaining to health effects of wind turbines.  Titles 

and abstracts of identified papers were then read to make a first pass determination of whether 

the paper was a study on health effects of exposure to wind turbines or might possibly contain 

relevant references to such studies.  Because the peer-reviewed literature so identified was 

relatively limited, we also examined several non-peer reviewed papers, reports, and books that 

discussed health effects of wind turbines.  All of this literature was examined for additional 

relevant references, but for the purposes of determining strength of evidence, we only considered 

such publications if they described studies of some sort in sufficient detail to assess the validity 

of the findings.  This process identified four studies that generated peer-reviewed papers on 

health effects of wind turbines.  A few other non-peer reviewed documents described data of 

sufficient relevance to merit consideration and are discussed below as well. 

3.3 Epidemiological Studies of Exposure to Wind Turbines 

The four studies that generated peer-reviewed papers on health effects of wind turbines 

included two from Sweden (E. Pedersen et al., 2007; E. Pedersen & Waye, 2004), one from the 

Netherlands (E. Pedersen et al., 2009), and one from New Zealand (Shepherd at al., 2011).  The 

primary outcome assessed in the first three of these studies is annoyance.  Annoyance per se is 

not a biological disease, but has been defined in different ways.  For example, as “a feeling of 

resentment, displeasure, discomfort, dissatisfaction, or offence which occurs when noise 

interferes with someone’s thoughts, feelings or daily activities” (Passchier-Vermeer, 1993); or “a 

mental state characterized by distress and aversion, which if maintained, can lead to a 

deterioration of health and well-being” (Shepherd et al., 2010).  Annoyance is usually assessed 
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with questionnaires, and this is the case for the three studies mentioned above.  There is 

consistent evidence for annoyance in populations exposed for more than one year to sound levels 

of 37 dB(A), and severe annoyance at about 42 dB(A) (Concha-Barrientos et al., 2004).  In each 

of those studies annoyance was assessed by questionnaire, and the respondent was asked to 

indicate annoyance to a number of items (including wind turbines) on a five-point scale (do not 

notice, notice but not annoyed, slightly annoyed, rather annoyed, very annoyed).  While 

annoyance as such is certainly not to be dismissed, in assessing global burden of disease the 

World Health Organization (WHO) has taken the approach of excluding annoyance as an 

outcome because it is not a formally defined health outcome per se (Concha-Barrientos et al., 

2004).  Rather, to the extent annoyance may cause other health outcomes, those other outcomes 

could be considered directly.  Nonetheless, because of a paucity of literature on the association 

between wind turbines and other health outcomes, we consider here the literature on wind 

turbines and annoyance. 

3.3.a Swedish Studies 

Both Swedish studies were cross sectional and involved mailed questionnaires to 

potential participants.  For the first Swedish study, 627 households were identified in one of five 

areas of Sweden chosen to have enough dwellings at varying distances from wind turbines and of 

comparable geographical, cultural, and topographical structure (E. Pedersen & Waye, 2004).  

There were 16 wind turbines in the study area and of these, 14 had a power of 600–650 kW, and 

the other 2 turbines had 500 kW and 150 kW.  The towers were between 47 and 50 m in height. 

Of the turbines, 13 were WindWorld machines, 2 were Enercon, and 1 was a Vestas turbine.  

Questionnaires were to be filled out by one person per household who was between the ages of 

18 and 75.  If there was more than one such person, the one whose birthday was closest to May 

20th  was chosen.  It is not clear how the specific 627 households were chosen, and of the 627, 

only 513 potential participants were identified, although it is not clear why the other households 

did not have potential participants.  Of the 513 potential participants, 351 (68.4%) responded. 

The purpose of the questionnaire was masked by querying the participant about living 

conditions in general, some questions on which were related to wind turbines.  However, a later 

section of the questionnaire focused more specifically on wind turbines, and so the degree to 

which the respondent was unaware about the focus on wind turbines is unclear.  A-weighted 

sound levels were determined at each respondent’s dwelling, and these levels were grouped into 
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6 categories (in dB(A): <30, 30–32.5, 32.5–35, 35–37.5, 37.5–40, and >40).  Ninety-three 

percent of respondents could see a wind turbine from their dwelling. 

The main results of this study were that there was a significant association between noise 

level and annoyance.  This association was attenuated when adjusted for the respondent’s 

attitude towards the visual impact of the turbines, which itself was a strong predictor of 

annoyance levels, but the association with noise still persisted.  Further adjustment for noise 

sensitivity and attitude towards wind turbines in general did not change the results.  The authors 

indicated that the reporting of sleep disturbances went up with higher noise categories, but did 

not report on the significance of this association.  Nor did the authors report on associations with 

other health-related questions that were apparently on the questionnaire (such as headache, 

undue tiredness, pain and stiffness in the back, neck or shoulders, or feeling tensed/stressed, or 

irritable). 

The 68% response rate in this study is reasonably good, but it is somewhat disconcerting 

that the response rate appeared to be higher in the two highest noise level categories (76% and 

78% vs. 60–69%).  It is not implausible that those who were annoyed by the turbines were more 

inclined to return the questionnaire.  In the lowest two sound categories (<32.5 dB(A)) nobody 

reported being more than slightly annoyed, whereas in the highest two categories 28% (37.5–40 

dB(A)) and 44% (>40 dB(A)) reported being more than slightly annoyed (unadjusted 

percentages).  Assuming annoyance would drive returning the questionnaires, this would suggest 

that the percentages in the highest categories may be somewhat inflated.  The limited description 

of the selection process in this study is a limitation as well, as is the cross sectional nature of the 

study.  Cross-sectional studies lack the ability to determine the temporality of cause and effect; in 

the case of these kinds of studies, we cannot know whether the annoyance level was present 

before the wind turbines were operational from a cross sectional study design.  Furthermore, 

despite efforts to blind the respondent to the emphasis on wind turbines, it is not clear to what 

degree this was successful. 

The second Swedish study (E. Pedersen & Persson Waye, 2007) took a similar approach 

to the first, but in this study the selection procedures were explained in more detail and were 

clearly rigorous.  Specific details on the wind turbines in the area were not provided, but it was 

noted that areas were sought with wind turbines that had a nominal power of more than 500 kW, 

although some of the areas also contained turbines with lower power.  A later publication by 
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these authors (Pedersen et al., 2009) indicates that the turbines in this study were up to 1.5 MW 

and up to 65 m high.  In the areas chosen, either all households were recruited or a random 

sample was used.  In this study 1,309 questionnaires were sent out and 754 (57.6%) were 

returned.  The response rate by noise category level, however, was not reported.  There was a 

clear association between noise level and hearing turbine noise, with the percentage of those 

hearing turbine noise steadily increasing across the noise level categories.  However, despite a 

significant unadjusted association between noise levels and annoyance (dichotomized as more 

than slightly annoyed or not), and after adjusting for attitude towards wind turbines or visual 

aspects of the turbines (e.g., visual angle on the horizon, an indicator of how prominent the 

turbines are in the field of view), each of which was strongly associated with annoyance, the 

association with noise level category was lost.  The model from which this conclusion was 

drawn, however, imposed a linear relation on the association between noise level category and 

annoyance.  But in the crude percentages of people annoyed across noise level categories, it 

appeared that the relation might not be linear, but rather most prevalent in the highest noise.  The 

percentage of those in the highest noise level category (>40 dB(A)) reporting annoyance (~15%) 

appeared to be higher than among people in the lower noise categories (<5%). 

Given the more rigorous description of the selection process in this study, it has to be 

considered stronger than the first Swedish study.  While 58% is pretty good for a questionnaire 

response rate, the non-response levels still leave room for bias.  The authors do not report the 

response rate by noise level categories, but if the pattern is similar to the first Swedish study, it 

could suggest that the percentage annoyed in the highest noise category could be inflated.  The 

cross sectional nature of the study is also a limitation and complicates interpretation of the 

effects on the noise-annoyance association of adjustment for the other factors.  Regarding the 

loss of the association after adjustment for attitude, if one assumes that the noise levels caused a 

negative attitude towards wind turbines, then the loss of association between noise and 

annoyance after adjusting for attitude does not argue against annoyance being caused by 

increasing turbine noise, but rather that that is the path by which noise causes annoyance (louder 

noise�negative attitude�annoyance).  If, on the other hand, the attitude towards turbines was 

not caused by the noise, then the results would suggest that noise levels did not cause the 

annoyance.  Visual angle, however, clearly does not cause the noise level; thus, the lack of 

association between noise and annoyance in analyses adjusted for visual angle more strongly 
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suggest that the turbine noise level is not causing the annoyance, but perhaps the visual intrusion 

instead.  This is similar to the conclusion of an earlier Danish report (T. H. Pedersen & Nielsen, 

1994).  Either way, however, the data still suggest that there may be an association between 

turbine noise and annoyance when the noise levels are >40 dB(A).  

A more intricate statistical model of the association between turbine noise levels and 

annoyance that used the data from both Swedish studies was reported separately (Pedersen & 

Larsman, 2008).  The authors used structural equation models (SEMs) to simultaneously account 

for several aspects of visual attitude towards the turbines and general attitude towards the 

turbines.  These analyses suggested a significant association between noise levels and annoyance 

even after considering other factors.   

3.3.b Dutch Study 

The Dutch study aimed to recruit households that reflected general wind turbine exposure 

conditions over a range of background sound levels.  All areas within the Netherlands that were 

characterized by one of three clearly defined land-use types—built-up area, rural area with a 

main road, and rural area without a main road—and that had at least two wind turbines of at least 

500 kW within 500 meters of each other were selected for the study.  Sites dominated by 

industry or business were excluded.  All addresses within these areas were obtained and 

classified into one of five wind turbine noise categories (<30, 30–35, 35–40, 40–45, and >45 

dB(A)) based on characteristics of nearby wind turbines, measurements of sound from those 

turbines, and the International Standards Organization (ISO) standard model of wind turbine 

noise propagation.  Individual households were randomly selected for recruitment within 

noise/land type categories, except for the highest noise level for which all households were 

selected because of the small number exposed at the wind turbine noise levels of the highest 

category.   

As with the Swedish studies, the Dutch study was cross sectional and involved a mailed 

questionnaire modeled on the one used in the Swedish studies.  Of 1,948 mailed surveys, 725 

(37%) were returned.  There was only minor variation in response rate by turbine noise category, 

although unlike the Swedish studies, the response rate was slightly lower in the higher noise 

categories.  A random sample of 200 non-responders was sent an abbreviated questionnaire 

asking only two questions about annoyance from wind turbine noise.  There was no difference in 
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the distribution of answers to these questions among these non-responders and those who 

responded to the full questionnaire.  

One of the more dramatic findings of this study was that among people who benefited 

economically from the turbines (n=100; 14%)—who were much more commonly in the higher 

noise categories—there was virtually no annoyance (3%) despite the same pattern of noticing the 

noise as those who did not benefit economically.  It is possible that this is because attitude 

towards turbines drives annoyance, but it was also suggested that those who benefit 

economically are able to turn off the turbines when they become annoying.  However, it is not 

clear how many of those who benefited economically actually had that level of control over the 

turbines.   

Similarly, there was very little annoyance among people who could not see a wind 

turbine from their residence even when those people were in higher noise categories (although 

none were in the highest category).  In models that adjusted for visibility of wind turbines and 

economic benefit, sound level was still a significant predictor of annoyance.  However, because 

of the way in which sound and visibility were modeled in this analysis, the association between 

higher noise levels and higher annoyance could have been driven entirely by those who could see 

a wind turbine, while there could still have been no association between wind turbine noise level 

and annoyance among those who could not see a wind turbine.  Thus, this study has to be 

considered inconclusive with respect to an association between wind turbine sound level and 

annoyance independent of the effect of seeing a wind turbine (and vice versa). 

The Dutch study has the limitation of being cross sectional as were the Swedish studies, 

and the non-response in the Dutch study was much larger than in the Swedish studies.  The 

results of the limited assessment of a subset of non-responders mitigate somewhat against the 

concerns raised by the low response rate, but not completely.  

3.3.c New Zealand Study 

The New Zealand study recruited participants from what the authors refer to as two 

demographically matched neighborhoods (an exposed group living near wind turbines and a 

control group living far from turbines), although supporting data for this are not presented.  The 

area with the turbines is described as being characterized by hilly terrain, with long ridges 

running 250–450 m above sea level, on which 66 125 m high wind turbines are positioned.  The 

power of the turbines is not provided.  For the exposed group, participants were drawn from 
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those 18 years and older living in 56 houses located within 2 km of a wind turbine, and for the 

control group participants were drawn from those 18 years and older living in 250 houses located 

at least 8 km from the wind turbines.  It is unclear how many participants per household were 

recruited, but the final study sample included 39 people in the exposed group and 158 in the 

control group.  Response rates of 34% for the exposed group and 32% for the control group are 

given.  The outcome assessed was response to the abbreviated version of the WHO’s quality of 

life (QOL)-BREF (WHOQOL-BREF)—a health-related QOL questionnaire.  These questions 

were embedded within a larger questionnaire with various facets designed to mask the focus on 

wind turbines.  Although there were no statistically significant demographic differences between 

the two groups, 43.6% of those in the exposed group had a university education while only 

34.2% in the control group did. 

The exposed group was found to have significantly worse physical QOL (in particular the 

sleep and energy level items of this scale) and worse environmental QOL (in particular ratings of 

how healthy the environment is and satisfaction with the conditions of their living space).  The 

groups did not differ in scores on the social or psychological scales.  The mean ratings for an 

overall QOL item was significantly lower in the exposed group.  All of these analyses were 

adjusted for length of residence, but for no other variables. 

As with the other studies discussed, this study has the limitation of being cross sectional.  

As with the Dutch study, the response rate in the present study is rather low, and unfortunately, 

there are no data in the New Zealand study on non-participants.  This raises concern that self-

selection into the study could differ by important factors in some way between the two groups.  

The difference seen in education level between the groups exacerbates this concern.  It is also 

unclear whether appropriate statistical analysis methods were used given that there may have 

been multiple respondents from the same household, which is not stated but would have needed 

to have been accounted for in the analysis.  The lack of control for other variables that may be 

related to reporting of QOL is also a limitation.  In this regard it is important to note that a lack 

of a statistically significant difference in factors between groups does not rule out the possibility 

of those factors potentially accounting for some of the difference in outcome scores between 

groups, particularly when the sample size is small like in this study.  Whether participants could 

see wind turbines was not assessed, but it is likely that most if not all in the exposed group could 

and most if not all in the control group could not, given their locations.  Given the findings in the 
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Swedish and Dutch studies, this means that even if the difference in QOL scores seen are due to 

wind turbines, it is possible that it is driven by seeing the turbines rather than sound from the 

turbines.  Overall, the level of evidence from this study for a causal association between wind 

turbines and reported QOL is limited. 

3.3.d Additional Non-Peer Reviewed Documents 

Papers that appear in the peer-reviewed literature have by definition undergone a level of 

review external to the study team by not only the editors of the journal, but also two to three 

(usually) scientists familiar with the field of the study and the methodology used.  These hurdles 

provide an opportunity to identify problems with the paper—from methodology to interpretation 

of the results—and either provide the opportunity to address problems or reject the paper if the 

problems are considered fatal to the interpretation of the results.  Non-peer reviewed literature is 

not subject to this external review scrutiny.  This does not mean that all peer-reviewed literature 

is of high quality nor that non-peered reviewed literature is necessarily inferior to peer-reviewed 

literature, but it does mean that non-peered reviewed literature does not need to undergo any 

review process to appear.  Indeed, at times studies appear in non-peer reviewed outlets precisely 

because they did not meet the bar of quality necessary to appear in the peer-reviewed literature.  

Thus, non-peer reviewed literature needs to be scrutinized with this in mind.  Four such non-

peer-reviewed reports are described below.  In addition to those four, a few early reports of 

annoyance from wind turbines generally found a weak relationship between annoyance and the 

equivalent A-weighted SPL, although those studies were mainly based on studies of smaller 

turbines of less than 500 kW (T. H. Pedersen & Nielsen, 1994; Rand & Clarke, 1990; Wolsink et 

al., 1993). 

Project WINDFARMperception:  Visual and acoustic impact of wind turbine farms on 

residents (van den Berg et al., 2008).  This report describes the study upon which the Dutch 

paper summarized above (E. Pedersen et al., 2009) is based.  The characteristics of the wind 

turbines are thus as described above.  In addition to the data that appeared in the peer-reviewed 

literature, this report describes analyses of additional data that was collected.  These additional 

data relate to health effects and turbine noise exposure.  The questionnaire assessed stress levels 

with the General Health Questionnaire (GHQ), a validated scale that has been widely used in 

such studies and which assesses symptoms felt over the past several weeks.  In models adjusted 

for age, economic benefit from the turbines, and sex, there was no association between sound 
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levels and stress.  In contrast, there was a significant association between sound levels and 

interrupted sleep (at least once a month), even when further adjusting for background noise 

levels.  This was most obvious at turbine noise levels >45 dB(A), but there appeared to be an 

increasing trend in occurrence of interrupted sleep with increasing noise categories even across 

the lower noise categories.  This study also asked participants about chronic health conditions 

including diabetes, high blood pressure, tinnitus, hearing impairment, cardiovascular disease, and 

migraine.  Although no associations were seen between wind turbine noise and these outcomes 

in adjusted analyses, the chronic nature of these outcomes and the lack of data on timing of onset 

with respect to when the wind turbines were introduced make interpreting these negative 

findings difficult. 

Report to the commission related to Moturimu wind farm, New Zealand (Phipps, 2007).  

This report to a commission in New Zealand related to the Moturimu wind farm describes a 

survey conducted by Robyn Phipps to investigate the visual and acoustical effects experienced 

by residents living at least 2 km from existing wind farms in the Manawatu and Tararua regions 

of New Zealand.  Most respondents were within 3 km, although a few lived further away, as far 

as 15 km.  The characteristics and number of wind turbines was not provided.  Although this 

work does not appear to have come out in the peer-reviewed literature, reasonable details about 

the methodology are provided. 

Roughly 1,100 surveys were delivered to postal addresses and 614 (56%) were returned.  

Participants were asked to rate on a scale of 1–5 their agreement with different statements related 

to their perceptions of the wind turbines.  When these questions dealt with visual issues, they 

were framed both positively and negatively (e.g., “I think the turbines spoil the view,” and “I 

think the turbines are quite attractive”).  This apparently was not the case with other questions 

(e.g., “Watching the turbines can create an unpleasant physical sensation in my body”). 

Overall, 9% of respondents endorsed being “affected” by the flicker of the wind turbines; 

15% were sufficiently bothered by the visual and noise effects of the turbines to consider 

complaining, and 10% actually had complained.  While 56% is a relatively good response rate 

for a mailed survey, the reasons for non-response of nearly half of potential participants must be 

considered.  It is possible that non-respondents did not care enough about the effects of the wind 

turbines to bother responding, which presumably would lower the overall percentages that were 

“affected” by the turbines.  On the other hand, it is not clear how long the turbines were in 
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operation prior to the survey, and it is conceivable that some more affected people may have 

moved out of the area before the time of the survey.   

A further drawback to the reported survey was that there was not a determination of how 

the percentage of “affected” respondents related to distance from the turbines, the ability to see 

the turbines, or noise levels experienced from the turbines.  The report cites a lot of literature on 

noise and health effects, and while such effects have been reported in the literature, they are 

almost uniformly at sound levels above what is usually found for people living near turbines (and 

most certainly higher than those usually reported for people living more than 2 km from a 

turbine).  A WHO report provides a good review of this literature (WHO, 2009).  The lowest 

threshold levels for seeing any effect are about 35 dB(A) (maximum per event or LAmax) for 

some physiological sleep responses (e.g., EEG, or duration of sleep stages), but these thresholds 

are for levels inside the house near the sleeper, which will be much lower than what is 

experienced outside the house.  The lowest threshold level for complaints of well-being were 

estimated at 35 dB(A) as a yearly average outside the house at night (Lnight, outside).  But for health 

outcomes the thresholds for any effect are much higher, for example 50 dB(A) (Lnight, outside) for 

hypertension or myocardial infarction.  

“Wind Turbine Syndrome” (Pierpont, 2009):  This book describes several people who 

suffer health symptoms that they attribute to wind turbines.  Such descriptions can be 

informative in describing phenomena and raising suggestions for possible follow-up with more 

rigorous study designs, but generally are not considered evidence for causality.  In this particular 

case, though, there are elements that go beyond the most basic symptom descriptions and so 

warrant consideration as a study.  But limitations to the design employed make it impossible for 

this work to contribute any evidence to the question of whether there is a causal association 

between wind turbine exposure and health effects.  Given this, the very term “Wind Turbine 

Syndrome” is misleading as it implies a causal role for wind turbines in the described health 

symptoms. 

The book describes health symptoms experienced among 38 people from 10 different 

families who lived near wind turbines and subsequently either moved away from the turbines or 

spent significant periods of time away.  The participants ranged in age from less than 1 to 75 

years old, with 13 (34%) younger than 16 years and 17 (45%) younger than 22.  The participants 

were queried about their health symptoms before exposure to turbines (presumably before the 
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turbines were operational), during exposure to turbines, and after moving away.  There is an 

impressive detailed description of the extent and severity of health symptoms experienced by this 

group, with a core group of symptoms centered around vibratory responses and termed Visceral 

Vibratory Vestibular Disturbance (VVVD) by Pierpont.  While these symptoms for the most part 

are attributed to exposure to the wind turbines by the participants—either because they appeared 

once the turbines were operational or because they seemed to diminish after going away from the 

turbines—the way in which these participants were recruited makes it impossible to draw any 

conclusions about attributing causality to the turbines.  

The most critical problem with respect to inferring causality from Pierpont’s findings lies 

in how the families were identified for participation.  To be included in the study, among other 

criteria, at least one family member had to have severe symptoms and reside near a recently 

erected wind turbine.  In epidemiological terms this is selecting participants based on both 

exposure and outcome, which guarantees a biased (non-causal) association between wind 

turbines and symptoms.  While it could be argued that other family members may not have had 

severe symptoms—and so would not be selected based on outcome—it is hard to consider other 

family members as truly independent observations, as their reporting of symptoms, or indeed 

their experiencing of symptoms, could be influenced by the more severely affected family 

member.  This is particularly so when the symptoms are in the realm of anxiety, sleep 

disturbance, memory, and concentration; and the severely affected family members are reporting 

increased irritability, anger, and shouting.   

Although not always, several of the participants reported an improvement of symptoms 

after moving away from the wind turbines.  While this is suggestive and should not be 

discounted as something to explore further, the highly selective nature of the interviewed group 

as a whole makes the evidence for causality from these data per se weak.  There are also many 

factors that change when moving, making it difficult to attribute changes to any specific 

difference with certainty.  Additional factors that contribute to the inability to infer causality 

from these data include the small sample size, lack of detail on the larger population that could 

have been considered for inclusion in the study, and lack of detail on precisely how the actual 

participants were recruited.  In addition, while the clinical history was extensive, the symptom 

data were all self-reported.  Another complication is that there are no precise data on distance to 

turbines, and noise levels or infrasound vibration levels at the participants’ homes.  
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“Adverse health effects of industrial wind turbines: a preliminary report” (Nissenbaum et 

al., 2011):  This report describes a study involving questionnaire assessment of mental and 

physical health (SF-36), sleep disturbance (Pittsburgh Sleep Quality Index), and sleepiness 

(Epworth Sleepiness Scale) among residents near one of two wind farms in Maine (Vinalhaven 

& Mars Hill).  The Mars Hill site is a linear arrangement of 28 General Electric 1.5 MW 

turbines, sited on a ridgeline.  The Vinalhaven site is a cluster of three similar turbines, sited on a 

flat, tree-covered island.  All residents within 1.5 km of one of the turbines were identified, and 

all those older than 18 years and non-demented were considered eligible for the study.  A set of 

households from an area of similar socioeconomic makeup but 3–7 km from wind turbines were 

also recruited.  The recruitment process involved house-to-house visits up to three times to 

recruit participants.  Among those within at most 1.5 km from the nearest turbine, 65 adults were 

identified and 38 (58%; 22 male, 16 female) participated from 23 unique households.  Among 

those 3-7 km from the nearest turbine, houses were visited until a similar number of participants 

were recruited.  This process successfully recruited 41 adults (18 male, 23 female) from 33 

unique households.  No information was given on the number of homes or people approached so 

the participation rate cannot be determined. 

Analyses adjusted for age, sex, and site (the two different wind farms) found that those 

living within 1.5 km of a wind turbine had worse sleep quality and mental health scores and 

higher ratings of sleepiness than those living 3–7 km from a turbine.  Physical health scores did 

not differ between the groups.  Similar associations were found when distance to the nearest 

turbine was analyzed as a continuous variable.   

This study is somewhat limited by its size—much smaller than the Swedish or Dutch 

studies described above—but nonetheless suggests relevant potential health impacts of living 

near wind turbines.  There are, however, critical details left out of the report that make it difficult 

to fully assess the strength of this evidence.  In particular, critical details of the group living 3–7 

km from wind turbines is left out.  It is stated that the area is of similar socioeconomic makeup, 

and while this may be the case, no data to back this up are presented—either on an area level or 

on an individual participant level.  In addition, while the selection process for these participants 

is described as random, the process of recruiting these participants by going home to home until 

a certain number of participants are reached is not random.  Given this, details of how homes 

were identified, how many homes/people were approached, and differences between those who 
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did and did not participate are important to know.  Without this, attributing any of the observed 

associations to the wind turbines (either noise from them or the sight of them) is premature.   

3.3.e Summary of Epidemiological Data 

There is only a limited literature of epidemiological studies on health effects of wind 

turbines.  Furthermore, existing studies are limited by their cross sectional design, self-reported 

symptoms, limited ability to control for other factors, and to varying degrees of non-response 

rates.  The study that accounted most extensively for other factors that could affect reported 

symptoms had a very low response rate (E. Pedersen et al., 2009; van den Berg, et al., 2008).   

All four peer-reviewed papers discussed above suggested an association between 

increasing sound levels from wind turbines and increasing annoyance.  Such an association was 

also suggested by two of the non-peer reviewed reports that met at least basic criteria to be 

considered studies.  The only two papers to consider the influence of seeing a wind turbine (each 

one of the peer-reviewed papers) both found a strong association between seeing a turbine and 

annoyance.  Furthermore, in the studies with available data, the influence of either sound from a 

turbine or seeing a turbine was reduced—if not eliminated, as was the case for sound in one 

study—when both of these factors were considered together.  However, this precise relation 

cannot be disentangled from the existing literature because the published analyses do not 

properly account for both seeing and hearing wind turbines given the relation between these two 

that the data seem to suggest.  Specifically, the possibility that there may be an association 

between either of those factors and annoyance, but possibly only for those who both see and hear 

sound from a turbine, and not for those who either do not hear sound from or do not see a 

turbine.  Furthermore, in the one study to consider whether individuals benefit economically 

from the turbines in question, there appeared to be virtually no annoyance regardless of whether 

those people could see or hear a turbine.  Even if one considers the data just for those who could 

see a wind turbine and did not benefit economically from the turbines, defining at what noise 

levels the percentage of those annoyed becomes more dramatic is difficult.  Higher percentages 

of annoyance did appear to be more consistent above 40 dB(A).  Roughly 27% were annoyed (at 

least 4 on a 1–5 point scale of annoyance; 5 being the worst), while roughly 18% were very 

annoyed (5 on a 1–5 scale).  The equivalent levels of annoyed and very annoyed for 35–40 

dB(A) were roughly 15% and 6%, respectively.  These percentages, however, should be 

considered upper bounds for a specific relation with noise levels because, with respect to 
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estimating direct effects of noise, they are likely inflated as a result of both selective participation 

in the studies and the fact that the percentages do not take into account the effect of seeing a 

turbine.   

Thus, in considering simply exposure to wind turbines in general, while all seem to 

suggest an association with annoyance, because even the peer-reviewed papers have weaknesses, 

including the cross sectional designs and sometimes quite low response rates, the Panel 

concludes that there is limited evidence suggesting an association between exposure to wind 

turbines and annoyance.  However, only two of the studies considered both seeing and hearing 

wind turbines, and even in these the possible contributions of seeing and hearing a wind turbine 

were not properly disentangled.  Therefore, the Panel concludes that there is insufficient 

evidence to determine whether there is an association between noise from wind turbines 

and annoyance independent from the effects of seeing a wind turbine and vice versa.  Even 

these conclusions must be considered in light of the possibility suggested from one of the peer-

reviewed studies that there is extremely low annoyance—regardless of seeing or hearing sound 

from a wind turbine—among people who benefit economically from the turbines.   

There was also the suggestion that poorer sleep was related to wind turbine noise levels.  

While it intuitively makes sense that more noise would lead to more sleep disruption, there is 

limited data to inform whether this is occurring at the noise levels produced from wind turbines. 

An association was indicated in the New Zealand study, suggested without presenting details in 

one of the Swedish studies, and found in two non-peer-reviewed studies.  Therefore, the Panel 

concludes that there is limited evidence suggesting an association between noise from wind 

turbines and sleep disruption and that further study would quantify precise sound levels 

from wind turbines that disrupt sleep. 

The strongest epidemiological study to examine the association between noise and 

psychological health suggests there is not an association between noise from wind turbines and 

measures of psychological distress or mental health problems.  There were two smaller, weaker, 

studies: one did note an association, one did not.  Therefore, the Panel concludes the weight of 

the evidence suggests no association between noise from wind turbines and measures of 

psychological distress or mental health problems. 

One Swedish study apparently collected data on headache, undue tiredness, pain and 

stiffness in the back, neck, or shoulders, or feeling tensed/stressed and irritable, but did not report 
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on analyses of these data.  The Dutch study found no association between noise from wind 

turbines and diabetes, high blood pressure, tinnitus, hearing impairment, cardiovascular disease, 

and migraine, although this was not reported in the peer-reviewed literature.  Therefore, the 

Panel concludes that none of the limited epidemiological evidence reviewed suggests an 

association between noise from wind turbines and pain and stiffness, diabetes, high blood 

pressure, tinnitus, hearing impairment, cardiovascular disease, and headache/migraine. 

These conclusions align with those presented in the peer-reviewed article by Knopper and 

Ollson (2011).  They write “Conclusions of the peer reviewed literature differ in some ways from 

those in the popular literature. In peer reviewed studies, wind turbine annoyance has been 

statistically associated with wind turbine noise, but found to be more strongly related to visual 

impact, attitude to wind turbines and sensitivity to noise. …  it is acknowledged that noise from 

wind turbines can be annoying to some and associated with some reported health effects (e.g., 

sleep disturbance), especially when found at sound pressure levels greater than 40 db(A).” 

3.4 Exposures from Wind Turbines: Noise, Vibration, Shadow Flicker, and Ice Throw 

In addition to the human epidemiologic study literature on exposure to wind turbines and 

health effects described in the section above, the Panel assessed literature that could shed light on 

specific exposures resulting from wind turbines and possible health effects.  The exposures 

covered here include noise and vibration, shadow flicker, and ice throw.  Each of these exposures 

is addressed separately in light of their documented and potential health effects.  When health 

effects are described in the popular media, these claims are discussed.  

3.4.a  Potential Health Effects Associated with Noise and Vibration  

The epidemiologic studies discussed above point to noise from wind turbines as a source 

of annoyance.  The studies also noted that some respondents note sleep disruption due to the 

turbine noise.  In this section, the characteristics of audible and inaudible noise from turbines are 

discussed in light of our understanding of their impacts on human health. 

It is clear that when sound levels get too high, the sound can cause hearing loss (Concha-

Barrientos et al., 2004).  These sound levels, however, are outside the range of what one would 

experience from a wind turbine.  There is evidence that levels of audible noise below levels that 

cause hearing loss can have a variety of health effects or indicators.  Detail about the evidence 

for such health effects have been well summarized in a WHO report that came to several relevant 

conclusions (WHO, 2009).  First, there is sufficient evidence for biological effects of noise 
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during sleep: increase in heart rate, arousals, sleep stage changes and awakening; second, there is 

limited evidence that noise at night causes hormone level changes and clinical conditions such as 

cardiovascular illness, depression, and other mental illness.  What the WHO report also details is 

observable noise threshold levels for these potential effects.  For such health effects, where data 

are sufficient to estimate a threshold level, that level is never below 40 dB(A)—as a yearly 

average—for noise outside (ambient noise) at night—and these estimates take into account 

sleeping with windows slightly open.   

One difficulty with the WHO threshold estimate is that a yearly average can mask the 

particular quality of turbine noise that leads survey respondents to note annoyance or sleep 

disruption.  For instance, the pulsatile nature of wind turbine noise has been shown to lead to 

respondents claiming annoyance at a lower averaged sound level than for road noise (E. 

Pederson, 2004).  Yearly averaging of sound eliminates (or smooths) the fluctuations in the 

sound and ignores differences between day and night levels.  Regulations may or may not take 

this into account. 

Health conditions caused by intense vibration are documented in the literature.  These are 

the types of exposures that result from jackhammers, vibrating hand tools, pneumatic tools, etc.  

In these cases, the vibration is called arm-body or whole-body vibration.  Vibration can cause 

changes in tendons, muscles, bones and joints, and can affect the nervous system.  Collectively, 

these effects are known as Hand-Arm Vibration Syndrome (HAVS).  Guidelines and 

interventions are intended to protect workers from these vibration-induced effects (reviewed by 

European Agency for Safety and Health at Work, 2008; (NIOSH 1989).  OSHA does not have 

standards concerning vibration exposure.  The American Conference of Governmental Industrial 

Hygienists (ACGIH) has developed Threshold Limit Values (TLVs) for vibration exposure to 

hand-held tools.  The exposure limits are given as frequency-weighted acceleration (NIOSH, 

1989).  

3.4.a.i  Impact of Noise from Wind Turbines on Sleep 

The epidemiological studies indicate that noise and/or vibration from wind turbines has 

been noted as causing sleep disruption.  In this section sleep and sleep disruption are discussed. 

In addition, suggestions are provided for more definitively evaluating the impact of wind 

turbines on sleep.  
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All  sounds have the potential to disrupt sleep.  Since wind turbines produce sounds, they 

might cause sleep disruption.  A very loud wind turbine at close distance would likely disrupt 

sleep, particularly in vulnerable populations (such as those with insomnia or mood disorders, 

aging populations, or “light sleepers”), while a relatively quiet wind turbine would not be 

expected to disrupt even the lightest of sleepers, particularly if it were placed at considerable 

distance.  

There is insufficient evidence to provide very specific information about how likely 

particular sound-pressure thresholds of wind turbines are at disrupting sleep.  Physiologic studies 

of noises from wind turbines introduced to sleeping people would provide these specific levels.  

Borrowing existing data (e.g., Basner, 2011) and guidelines (e.g., WHO) about noises at night, 

beyond wind turbines, might help provide reasonable judgment about noise limits at night.  But it 

would be optimal to have specific data about the particular influence that wind turbines have on 

sleep. 

In this section we introduce broad concepts about sleep, the interaction of sleep and 

noises, and the potential for wind turbines to cause that disruption. 

Sleep  
Sleep is a naturally occurring state of altered consciousness and reduced physical activity 

that interacts with all aspects of our physiology and contributes daily to our health and well-

being. 

Measurements of sleep in people are typically performed with recordings that include 

electroencephalography (EEG).  This can be performed in a laboratory or home, and for clinical 

or experimental purposes.  Other physiological parameters are also commonly measured, 

including muscle movements, lung, and heart function.  

While the precise amount of sleep that a person requires is not known, and likely varies 

across different people and different ages, there are numerous consequences of reduced sleep 

(i.e., sleep deprivation).  

Deficiencies of sleep can take numerous forms, including the inability to initiate sleep; 

the inability to maintain sleep; abnormal composition of sleep itself, such as too little deep sleep 

(sometimes called slow-wave sleep, or stage N3); or frequent brief disruptions of sleep, called 

arousals.  Sources of sleep deprivation can be voluntary (desirable or undesirable) or involuntary. 

Voluntary sources include staying awake late at night or awakening early.  These can be for 
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work or school, or while engaging in some personal activities during normal sleep times.  Sleep 

deprivation can also be caused by myriad involuntary and undesired problems (including those 

internal to the body such as pain, anxiety, mood disorders) and frequent need to urinate, or by 

numerous sleep disorders (including insomnia, sleep apnea, circadian disorders, parasomnias, 

sleep-related movement disorders, etc), or simply by the lightening of sleep depth in normal 

aging.  Finally, sleep deprivation can be caused by numerous external factors, such as noises or 

other sensory information in the sleeper’s environment. 

Sleep is conventionally categorized into rapid eye movement (REM) and non-REM sleep. 

Within the non-REM sleep are several stages of sleep ranging from light sleep to deep sleep.  

Beyond these traditional sleep categories, the EEG signal can be analyzed in a more detailed and 

sophisticated way, including looking at the frequency composition of the signals.  This is 

important in sleep, as we now know that certain signatures in the brain waves (i.e., EEG) 

disclose information about who is vulnerable to noise-induced sleep disruption, and what 

moments within sleep are most vulnerable (Dang-Vu et al., 2010; McKinney et al., 2011). 

Insomnia can be characterized by a person having difficulty falling asleep or staying 

asleep that is not better explained by another condition (such as pain or another sleep disorder) 

(see ICSD, 2nd Edition for details of the diagnostic criteria for insomnia).  Approximately 25% of 

the general population experience occasional sleep deprivation or insomnia.  Sleep deprivation is 

defined by reduced quantity or quality of sleep, and it can result in excessive daytime sleepiness 

as well as problems including those associated with mood and cognitive function (Roth et al., 

2001; Rogers, 2007; Walker, 2008).  As might be expected, the severity of the sleep deprivation 

has an impact on the level of cognitive functioning, and real-life consequences can include 

driving accidents, impulsive behaviors, errors in attention, and mood problems (Rogers, 2007; 

Killgore, 2010).  Loss of sleep appears to be cumulative, meaning it adds up night after night.  

This can result in subtle impairments in reaction times, decision-making ability, attentional 

vigilance, and integration of information that is sometimes only apparent to the sleep-deprived 

individual after an accident or error occurs, and sometimes not perceived by the sleep-deprived 

person at all (Rogers, 2007; van Dongen 2003).     

Sleep and Wind Turbines 

Given the effects of sleep deprivation on health and well-being, including problems with 

mood and cognition, it is possible that cognitive and mood complaints and other medical or 
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psychological issues associated with sleep loss can stem from living in immediate proximity to 

wind turbines, if the turbines disrupt sleep.  Existing data, however, on the relationship between 

wind turbines and sleep are inadequate.  Numerous factors determine whether a sound disrupts 

sleep.  Broadly speaking, they are derived from factors about the sleeper and factors about the 

sound. 

Case reports of subjective complaints about sleep, particularly those not critically and 

objectively appraised in the normal scientific manner, are the lowest level of evidence, not 

simply because they lack any objective measurements, but also because they lack the level of 

scrutiny considered satisfactory for making even crude claims about cause and effect.  For 

instance, consider the case of a person who sleeps poorly at home (near a wind turbine), and 

sleeps better when on vacation (away from a wind turbine).  One might conclude from this case 

that wind turbines cause sleep disruption for this person, and even generalize that information to 

other people.  But there are numerous factors that might make it more likely that a person can 

sleep well on vacation, having nothing to do with the wind turbine.  Furthermore, given the 

enormous prevalence of sleep disorders, such as insomnia, and the potentially larger prevalence 

of disorders that impinge on sleep, such as depression, it is crucial that these factors be taken into 

consideration when weighing the evidence pointing to a causal effect of wind turbines on sleep 

disruption for the general population.  It is also important to obtain objective measurements of 

sleep, in addition to subjective complaints.  

Subjective reports of sleeping well or sleeping poorly can be misleading or even 

inaccurate.  People can underestimate or overestimate the quality of their sleep.  Future studies 

should examine the acoustic properties of wind turbines when assessing the elements that might 

disrupt sleep.  There are unique properties of the noises wind turbines make, and there are some 

acoustic properties in common with other noises (such as trucks or trains or airplanes).  It is 

important to make these distinctions when assessing the effects of wind turbines on noise, by 

using data from other noises.  Without this physiologic, objective information, the effects of 

wind turbines on sleep might be over- or underestimated. 

It should be noted that not all sounds impair the ability to fall asleep or maintain sleep.  

To the contrary, people commonly use sound-masking techniques by introducing sounds in the 

environment that hinder the perception of undesirable noises.  Colloquially, this is sometimes 

called “white noise,” and there are certain key acoustic properties to these kinds of sounds that 
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make them more effective than other sounds.  Different noises can affect people differently.  The 

emotional valence that is ascribed by an individual to a particular sound can have a major 

influence on the ability to initiate or maintain sleep.  Certain aspects of sounds are particularly 

alerting and therefore would be more likely to disrupt sleep at lower sound pressure levels.  But 

among those that are not, there is a wide range of responses to these sounds, depending partly on 

the emotional valence ascribed to them.  A noise, for instance, that is associated with a 

distressing object, is more likely to impede sleep onset. 

Finally, characteristics of sleep physiology change across a given night of sleep—and 

across the life cycle of a person—and are different for different people, including the effects of 

noise on sleep (e.g., Dang-Vu et al., 2010; McKinney et al., 2011).  And some people might 

initially have difficulty with noises at night, but habituate to them with repeated exposure 

(Basner, 2011).  

In summary, sleep is a complex biological state, important for health and well-being 

across a wide range of physiologic functions.  To date, no study has adequately examined 

the influence of wind turbines on sleep.  

Future directions: The precise effects of noise-induced sleep disruption from wind 

turbines may benefit from further study that examines sound-pressure levels near the sleeper, 

while simultaneously measuring sleep physiology to determine responses of sleep to a variety of 

levels of noise produced by wind turbines.  The purpose would be to understand the precise 

sound-pressure levels that are least likely to disturb sleep.  It would also be helpful to examine 

whether sleepers might habituate to these noises, making the impact of a given sound less and 

less over time.  Finally, it would be helpful to study these effects in susceptible populations, 

including those with insomnia or mood disorders or in aging populations, in addition to the 

general population. 

Summary of Sleep Data 

In summary, sleep is a complex biological state, important for health and well-being 

across a wide range of physiologic functions.  To date, no study has adequately examined the 

influence of wind turbines and their effects on sleep.  

3.4.b Shadow Flicker Considerations and Potential Health Effects 

Shadow flicker is caused when changes in light intensity occur from rotating wind 

turbine blades that cast shadows (see Appendix B for more details on the physics of the 
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phenomenon.)  These shadows move on the ground and on buildings and structures and vary in 

terms of frequency rate and intensity.  Shadow flicker is reported to be less of a problem in the 

United States than in Northern Europe due to higher latitudes and lower sun angles in Europe.  

Nonetheless, it can still be a considerable nuisance to individuals exposed to shadow flicker for 

considerable amounts of time per day or year in the United States as well.  Shadow flicker can 

vary significantly by wind speed and duration, geographic location of the sunlight, and the 

distance from the turbine blades to any relevant structures or buildings.  In general, shadow 

flicker branches out from the wind turbine in a declining butterfly wing characteristic geographic 

area with higher amounts of flicker being closer to the turbine and less flicker in the outer parts 

of the geographic area (New England Wind Energy Education Project (NEWEEP), 2011; 

Smedley et al., 2010).  Shadow flicker is present up until approximately 1400 m, but the 

strongest flicker is up to 400 m from the turbine when it occurs (NEWEEP, 2011).  In addition, 

shadow flicker usually occurs in the morning and evening close to sunrise and sunset when 

shadows are the longest.  Furthermore, shadow flicker can fluctuate in different seasons of the 

year depending on the geographic location of the turbine such that some sites will only report 

flicker during the winter months while others will report it during summer months.  Other factors 

that determine shadow flicker rates and intensity include objects in the landscape (i.e., trees and 

other existing shadows) and weather patterns.  For instance, there is no shadow flicker on cloudy 

days without sun as compared with sunny days.  Also, shadow flicker speed (shadows passing 

per second) increases with the rotor speed (NRC, 2007).  In addition, when several turbines are 

located relatively close to one another there can be combined flicker from the different blades of 

the different turbines and conversely, if situated on different geographic areas around structures, 

shadow flicker can occur at different times of the day at the same site from the different turbines 

so pre-planning of siting location is very important (Harding et al., 2008).  General consensus in 

Germany resulted in the guidance of 30 hours per year and 30 minutes per day (based on 

astronomical, clear sky calculations) as acceptable limits for shadow flicker from wind turbines 

(NRC, 2007).  This is similar to the Denmark guidance of 10 hours per year based on actual 

conditions.  

3.4.b.i Potential Health Effects of Flicker 

Because some individuals are predisposed to have seizures when exposed to certain types 

of flashing lights, there has been concern that wind turbines had the potential to cause seizures in 
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these vulnerable individuals.  In fact, seizures caused by visual or photic stimuli are typically 

observed in people with certain types of epilepsy (Guerrini & Genton, 2004), particularly 

generalized epilepsy.  While it is not precisely known how many people have photosensitivity 

that causes seizures, it appears to be approximately 5% of people with epilepsy, amounting to 

about 100,000 people in the United States.  And many of these people will already be treated 

with antiepileptic medications thus reducing this risk further.  

Fortunately, not all flashing light will elicit a seizure, even in untreated people with 

known photosensitivity.  There are several key factors that likely need to simultaneously occur in 

order for the stimulus to induce a seizure, even among the fraction of people with photosensitive 

seizures.  The frequency of the stimulus is important as is the stimulus area and pattern (See 

below) (http://www.epilepsyfoundation.org/aboutepilepsy/seizures/photosensitivity/gerba.cfm). 

Frequencies above 10 Hz are more likely to cause epileptic seizures in vulnerable 

individuals, and seizures caused by photic stimulation are generally produced at frequencies 

ranging from greater than 5 Hz.  However, shadow flicker frequencies from wind turbines are 

related to the rotor frequency and this usually results in 0.3–1.0 Hz, which is outside of the range 

of seizure thresholds according to the National Resource Council and the Epilepsy Foundation 

(NRC, 2007).  In fact, studies performed by Harding et al. (2008) initially concluded that 

because light flicker can affect the entire retina, and even if the eyes are closed that intermittent 

light can get in the retina, suggested that 4 km would be a safe distance to avoid seizure risk 

based on shadow flicker (Harding et al., 2008).  However, a follow-up analysis considering 

different meteorological conditions and shadow flicker rates concluded that there appeared to be 

no risk for seizures unless a vulnerable individual was closer than 1.2 times the total turbine 

height on land and 2.8 times the total turbine height in the water, which could potentially result 

in frequencies of greater than 5 Hz (Smedley et al., 2010).       

Although some individuals have complained of additional health complaints including 

migraines, nausea, dizziness, or disorientation from shadow flicker, only one government-

sponsored study from Germany (Pohl et al., 1999) was identified for review.  This German study 

was performed by the Institute of Psychology, Christian-Albrechts-University Kiel on behalf of 

the Federal Ministry of Economics and Technology (BMWi) and supported by the Office of 

Biology, Energy, and Environment of the Federal Ministry for Education and Research (BMBF), 

and on behalf of the State Environmental Agency of Schleswig.  The purpose of this 
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government-sponsored study was to determine whether periodic shadow with a duration of more 

than 30 minutes created significant stress-related health effects.  The shadows were created by a 

projection system, which simulated the flicker from actual wind turbines. 

       Two groups of different aged individuals were studied.  The first group consisted of 32 

students (average age 23 years).  The second group included 25 professionals (average age 47 

years).  Both men and women were included.  The subjects were each randomly assigned to one 

of two experimental groups, so there was a control group and an experimental group.  The 

experimental group was exposed to 60 minutes of simulated flicker.  For the control group 

lighting conditions were the same as in the experimental group, but without periodic shadow.  

The main part of the study consisted of a series of six test and measurement phases, two before 

the light was turned on, three each at intervals of 20 minutes while the simulated shadow 

flickering was taking place, and one more after the flicker light was turned off.  Among the 

variables measured were general performance indicators of stress (arithmetic, visual search 

tasks) and those of mental and physical well-being, cognitive processing, and stress in the 

autonomic nervous system (heart rate, blood pressure, skin conductance, and finger temperature). 

Systematic effects due to the simulated flicker could be detected in comparable ways in both 

exposure groups studied.  Both physical and cognitive effects were found in this exposure 

scenario for shadow flicker.   

It appears clear that shadow flicker can be a significant annoyance or nuisance to some 

individuals, particularly if they are wind project non-participants (people who do not benefit 

economically or receive electricity from the turbine) whose land abuts the property where the 

turbine is located.  In addition, flashing (a phenomenon closely related to shadow flicker, but due 

to the reflection of sunlight – see Appendix B) can be a problem if turbines are sited too close to 

highways or other roadways.  This could cause dangerous conditions for drivers.  Accordingly, 

turbine siting near highways should be planned so as to reduce flashing as much as possible to 

protect drivers.  However, use of low reflective turbine blades is commonly employed to reduce 

this potential flashing problem.  Provisions to avoid many of these potential health and 

annoyance problems appear to be employed as current practice in many pre-planning sites with 

the use of computer programs such as WindPro.  These programs can accurately determine 

shadow flicker rates based on input of accurate analysis area, planned turbine location, the 

turbine design (height, length, hub height, rotor diameter, and blade width), and residence or 
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roadway locations.  Many of these computer programs can then create maps indicating the 

location and incidence of shadow flicker.  Such programs may also provide estimates of daily 

minutes and hours per year of expected shadow flicker that can then be used for wind turbine 

planning and siting or for mitigation efforts.  Several states require these analyses to be 

performed before any new turbine projects can be implemented.  

3.4.b.ii Summary of Impacts of Flicker 

Collectively, although shadow flicker can be a considerable nuisance particularly to wind 

turbine project non-participants, the evidence suggests that there is no risk of seizure from 

shadow flicker caused by wind turbines.  In addition, there is limited evidence primarily from a 

German government-sponsored study (Pohl et al., 1999) that prolonged shadow flicker (more 

than 30 minutes) can result in transient stress-related effects on cognition (concentration, 

attention) and autonomic nervous system functioning (heart rate, blood pressure).  There was 

insufficient documentation to evaluate other than anecdotal reports of additional health effects 

including migraines or nausea, dizziness or disorientation.  There are documented mitigation 

methods for addressing shadow flicker from wind turbines and these methods are presented in 

Appendix B.  

3.4.c  Ice Throw and its Potential Health Effects 

Under certain weather conditions ice may form on the surface of wind turbine blades.  

Normally, wind turbines intended for use in locations where ice may form are designed to shut 

down when there is a significant amount of ice on the blades.  The means to prevent operation 

when ice is present may include ice sensor and vibration sensors.  Ice sensors are used on most 

wind turbines in cold climates.  Vibration sensors are used on nearly all wind turbines.  They 

would cause the turbine to shut down, for example, if ice buildup on the blades resulted in an 

imbalance of the rotor and hence detectable vibrations in the structure. 

Ice built up on blades normally falls off while the turbine is stationary.  If that occurs 

during high winds, the ice could be blown by the wind some distance from the tower.  In 

addition, it is conceivable that ice could be thrown from a moving wind turbine blade under 

some circumstances, although that would most likely occur only during startup (while the 

rotational speed is still relatively low) or as a result of the failure of the control system.  It is 

therefore worth considering the maximum plausible distance that a piece of ice could land from 

the turbine under two “worst case” circumstances: 1) ice falls from a stopped turbine during very 
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high winds, and 2) ice is suddenly released from a blade when the rotor is rotating at its normal 

operating speed. 

Ice is a physical hazard, that depending on the mass, velocity, and the angle of throw can 

result in a wide range of effects to humans: alarm and surprise to abrasions, organ damage, 

concussions, and perhaps death.  Avoidance of ice throw is critical.  More detail on ice throw and 

options for mitigation are presented in Appendix C. 

3.5 Effects of Noise and Vibration in Animal Models 

Domestic animals such as cats and dogs can serve as sentinels of problematic 

environmental conditions.  The Panel searched for literature that might point to non-laboratory 

animal studies or well-documented cases of animals impacted by wind turbines.  Anecdotal 

reports in the press of goat deaths (UK), premature births and adverse effects in cows (Japan, 

US) provide circumstantial evidence, but lack specifics regarding background rates of illness or 

extent of impact.  

Laboratory-based animal models are often used to predict and to develop mechanistic 

explanations of the causes of disease by external factors, such as noise or chemicals in humans. 

In the absence of robust epidemiological data, animal models can provide clues to complex 

biological responses.  However, the limitations of relying on animal models are well 

documented, particularly for endpoints that involve the brain.  The benefits of using an animal 

model include ease of experimental manipulation such as multiple exposures, typically well-

controlled experimental conditions, and genetically identical groups of animals.  

Evaluation of biological plausibility for the multitude of reported health effects of wind 

turbines requires a suitable animal model documented with data that demonstrate cause and 

effect.  Review of this literature began with a PubMed and ToxNet search for “wind turbine” or 

“wind turbines”; or “infrasound” or “low frequency noise”; and “animal” or “mammal” to 

identify peer-reviewed studies in which laboratory animals were exposed to noise or vibration 

intended to mimic that of wind turbines.  Titles and abstracts of identified papers were read to 

make a first pass determination of whether the paper was a study on effects in mammals or might 

contain relevant references to other relevant studies.  The searches yielded several studies, many 

of which were not peer-reviewed, were not whole-animal mammalian or were not experimental, 

but were reviews in which animal studies were mentioned or experiments conducted in dissected 

cochlea.  The literature review yielded eight peer-reviewed studies, all relying on the laboratory 
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rat as the model.  The studies fall into two groups—those conducted in the 1970’s and early 

1980’s and those conducted in 2007–2010.  The most recent studies are conducted in China and 

are funded by the National Natural Science Foundation of China.  Table AG.1 (in Appendix G) 

provides a summary of the studies.  

There is no general agreement about the specific biological activity of infrasound on 

rodents, although at high doses it appears to negatively affect the cardiovascular, brain, and 

respiratory systems (Sienkiewicz, 2007).  Early studies lacked the ability to document the doses 

of infrasound given the rats, did not report general pathologies associated with the exposures and 

lacked suitable controls.  Since then, researchers have focused on the brain and cardiac systems 

as sensitive targets of infrasound.  Experimental conditions in these studies lack a documented 

rationale for the selection and the use of infrasound of 5-15 Hz at 130 dB.  While this appears to 

be standard practice, the relevance of these frequencies and pressures is unclear—both to the rat 

and more importantly to the human.  The exposures are acute—short-term, high dose.  

Researchers do not document rat behaviors (including startle responses), pathologies, frank 

toxicities, and outcomes due to these exposures.  Therefore, interpretation of all of the animal 

model data for infrasound outcomes must be with the lens of any high-dose, short-term exposure 

in toxicology, specifically questioning whether the observations are readily translatable to low-

dose, chronic exposures. 

Pei et al., (2007 and 2009) examine changes in cardiac ultrastructure and function in adult 

male Sprague-Dawley rats exposed to 5 Hz at 130 dB for 2 hours for 1, 7, or 14 successive days. 

Cardiomyocytes were enzymatically isolated from the adult left ventricular hearts after sacrifice. 

Whole cell patch-clamp techniques were employed to measure whole cell L-Type Ca2+ currents.  

The objective of these studies was to determine whether there was a cumulative effect of insult 

as measured by influx of calcium into cardiomyocytes.  After infrasound exposure, rats in the 7– 

and 14–day exposure groups demonstrated statistically significant changes in intracellular Ca2+

homeostasis in cardiomyocytes as demonstrated by electrochemical stimulation of the cells, 

molecular identification of specific heart-protein levels, and calcium transport measurements.  

Several studies examine the effects of infrasound on behavioral performance in rats.  The 

first of these studies was conducted under primitive acoustic conditions compared with those of 

today (Petounis et al., 1977).  In this study the researchers examined the behavior of adult female 

rats (undisclosed strain) exposed to increasing infrasound (2 Hz, 104 dB; 7 Hz, 122 dB; and 16 
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Hz, 124 dB) for increasing time (5-minute increments for up to 120 minutes).  Decreased activity 

levels (sleeping more) and exploratory behavior were documented as dose and duration of 

exposure increased.  The authors fail to mention that frank toxicity including pain is associated 

with these behaviors, raising the question of relevance of high dose exposures.  In response to 

this and similar studies that identify increase in sleep, increase in avoidance behaviors and 

suppression of locomotor activity,  Spyraki et al., (1977) hypothesized that these responses are 

mediated by norepinephrine levels in the brain and as such, exposed adult male Wistar rats to 

increasing doses of infrasound for one hour.  Using homogenized brain tissue, norepinephrine 

concentrations were measured using fluorometric methods.  Researchers demonstrated a dose-

dependent decrease in norepinephrine levels in brain tissue from infrasound-treated rats, 

beginning at a dose of 7 Hz and 122 dB for one hour.  No observations of frank toxicity were 

recorded.  Liu et al., (2010) hypothesized that since infrasound could affect the brain, it 

potentially could increase cell proliferation (neurogenesis) in the dentate gyrus of the rat 

hippocampus, specifically a region that continues to generate new neurons in the adult male 

Sprague-Dawley rat.  Using a slightly longer exposure period of 2 hours/day for 7 days at 16 Hz 

and 130 dB, the data suggest that infrasound exposure inhibits cell proliferation in the dentate 

gyrus, yet has no affect on early migration and differentiation.  This study lacks suitable positive 

and negative controls that allow these conclusions to be drawn.  

Several unpublished or non-peer reviewed studies reported behavioral responses as 

relevant endpoints of infrasound exposure.  These data are not discussed, yet are the basis for 

several recent studies.  In one more recent peer-reviewed behavioral rat study, adult male Wistar 

rats were classified as “superior endurance” and those as “inferior endurance” using the Rota-rod 

Treadmill (Yamamura et al., 1990).  A range of frequencies and pressures were used to expose 

the rats for 60—150 minutes.  Comparison of the pre-exposure endurance time on the Rota-Rod 

Treadmill with endurance after exposure to infrasound showed that the endurance time of the 

superior group after exposure to 16 Hz, 105 dB was not reduced.  The endurance of the inferior 

group was reduced by exposure to 16 Hz, 105 dB after 10 minutes, to 16 Hz, 95 dB after 70 

minutes, and to 16 Hz, 85 dB after 150 minutes.  Of most relevance is the identification of a 

subset of rats that may be more responsive to infrasound due to their genetic makeup.  There has 

been no follow-up regarding intra-strain susceptibility since this study. 
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More recent studies have focused on the mechanisms by which infrasound may disrupt 

normal brain function.  As stated above, the infrasound exposures are acute—short-term, high 

dose.  At the very least, researchers should document rat behaviors, pathologies, frank toxicities, 

and outcomes due to these high dose exposures in addition to measuring specific subcellular 

effects. 

Some of the biological stress literature suggests that microglial activation can occur with 

heightened stress, but it appears to be short-lived and transitory affecting the autonomic nervous 

system and neuroendocrine system, resulting in multiple reported effects. To investigate the 

effect of infrasound on hippocampus-dependent learning and memory, Yuan et al. (2009) 

measure cognitive abilities and activation of molecular signaling pathways in order to determine 

the role of the neuronal signaling transduction pathway, BDNF-TRkB, in infrasound-induced 

impairment of memory and learning in the rat.  Adult male Sprague-Dawley rats were exposed to 

infrasound of 16 Hz and 130 dB for 2 hours daily for 14 days. The acoustic conditions appeared 

to be well monitored and documented.  The Morris water maze was used to determine spatial 

learning and retention, and molecular techniques were used to measure cell proliferation and 

concentrations of signaling pathway proteins.  Using these semi-quantitative methods, rats 

exposed to infrasound demonstrated impaired hippocampal-dependent spatial learning 

acquisition and retention performance in the maze scheme compared with unexposed control 

rats, demonstrable downregulation of the BDNF-TRkB pathway, and decreased BrdU-labeled 

cell proliferation in the dentatel gyrus.   

In another study, Du et al. (2010) hypothesize that microglial cells may be responsible for 

infrasound-induced stress.  To test this hypothesis, 60 adult male Sprague-Dawley rats were 

exposed in an infrasonic chamber to 16 Hz at 130 dB for 2 hours.  Brains were removed and 

sectioned and the hypothalamic paraventricular nucleus (PVN) examined.  Primary microglial 

cells were isolated from whole brains of neonatal rats and grown in culture before they were 

exposed to infrasound under the same conditions as the whole animals.  Molecular methods were 

used to identify the presence and levels of proteins indicative of biological stress (corticotrophin-

releasing hormone (CRH) and corticotrophin-releasing hormone receptor (CRH type 1 receptor) 

in areas of the brain that control the stress response.  Specifically, studies were done to determine 

whether microglial cells are involved in infrasound-response, changes in microglial activation, 

and CRH-R1 expression in vivo in the PVN and in vitro at time points after the two-hour 
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infrasound exposure.  The data show that the exposures resulted in microglial activation, 

beginning at 0.5 hours post exposure, and up-regulation of CRH-R1 expression.  The magnitude 

of the response increased significantly from the control to 6 hours post exposure, returning to 

control levels, generally by 24 hours post-exposure.  This study is well controlled, and while it 

does rely on a specific antagonist for dissecting the relative involvement of the neurons and the 

microglial cells, the data suggest that infrasound as administered in this study to rats can activate 

microglial cells, suggesting a possible mechanism for infrasound-induced ”stress” or nuisance at 

a physical level (i.e., proinflammatory cytokines causing sickness response behaviors).  

In summary, there are no studies in which laboratory animals are subjected to exposures 

that mimic wind turbines.  There is insufficient evidence from laboratory animal studies of 

effects of low frequency noise on the respiratory system.  There is limited evidence that rats are a 

robust model for human infrasound exposure and effects.  The reader is referred to Appendix G 

for specific study conditions.  In any case, the infrasound levels and exposure conditions to 

which the rodents are exposed are adequate to cause pain to the rodents.  When exposed to these 

levels of infrasound, there is some evidence of reversible molecular effects including short-lived 

biochemical alterations in cardiac and brain cells, suggesting a possible mechanism for high-

dose, infrasound-induced effects in rats. 

3.6 Health Impact Claims Associated with Noise and Vibration Exposure 

The popular media contain a large number of articles that claim the noise and vibration 

from wind turbines adversely affect human health.  In this section the Panel examines the 

physical and biological basis for these assertions.  Additionally, the scientific articles from which 

these assertions are made are examined in light of the methods used and their limitations.   

Pierpont (2009) has been cited as offering evidence of the physical effects of ILFN, 

referring to “Wind Turbine Syndrome” and its impact on the vestibular system—by disturbed 

sensory input to eyes, inner ears, and stretch and pressure receptors in a variety of body 

locations.  The basis for the syndrome relies on data from research carried out for reasons (e.g., 

space missions) other than assessment of wind turbines on health.  Such research can be valuable 

to understanding new conditions, however, when the presentation of data is incomplete, it can 

lead to inaccurate conclusions.  A few such cases are mentioned here: 

Pierpont (2009) notes that von Dirke and Parker (1994) show that the abdominal area 

resonates between 4 and 6 Hz and that wind turbines can produce infrasound within this range 
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(due to the blade rotation rate).  However, the von Dirke paper states that our bodies have 

evolved to be tolerant of the 4–6 Hz abdominal motion range: this range coincides with jogging 

and running.  The paper also reveals that motion sickness (which was the focus of the study) only 

occurred when the vibrations to which people were subjected were between 0.01 and 0.5 Hz.  

The study exposed people to vibration from positive to negative 1 G forces.  Subjects were also 

rotated around various axes to achieve the vibration levels and frequencies of interest in the 

study.  Interpretation of these data may allow one to conclude that while the abdominal area has 

a resonance in a region at which there is infrasound being emitted by wind turbines, there will be 

no impact.  Further, the infrasound emitted by wind turbines in the range of frequencies at which 

subjects did note motion sickness is orders of magnitude less than the level that induced motion 

sickness (see Table 2).  So while a connection is made, the evidence at this point is not sufficient 

to draw a conclusion that a person’s abdominal area or stretch point can be excited by turbine 

infrasound.  If it were, this might lead to symptoms of motion sickness.  

Pierpont (2009) points to a study by Todd et al. (2008) as potential proof that the inner 

ear may be playing a role in creating the symptoms of “Wind Turbine Syndrome.”  Todd et al. 

(2008) show that the vestibular system shows a best frequency response around 100 Hz.  This is 

a fact, but again it is unclear how it relates to low frequency noise from wind turbines.  The best 

frequency response was assessed by moving subjects’ heads (knocking the side of the head) in a 

very specific direction because the portion of the inner ear that is being discussed acts as a 

gravitational sensor or an accelerometer; therefore, it responds to motion.  A physical mechanism 

by which the audible sound produced by a wind turbine at 100 Hz would couple to the human 

body in a way to create the necessary motion to which this portion of the inner ear would 

respond is unknown.  

More recently, Salt and Hullar (2010) have looked for something physical about the ear 

that could be responding to infrasonic frequencies.  They describe how the outer (OHC) and 

inner (IHC) hair cells of the cochlea respond to different types of stimuli: the IHC responding to 

velocity and OHC responding to displacement.  They discuss how the OHC respond to lower 

frequencies than the IHC, and how the OHC acts as an amplifier for the IHC.  They state that it is 

known that low frequencies present in a sound signal can mask the higher frequencies—

presumably because the OHC is not amplifying the higher frequency correctly when the OHC is 

responding to low frequency disturbances.  However, they emphatically state that “although 
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vestibular hair cells are maximally sensitive to low frequencies they typically do not respond to 

airborne infrasound.  Rather, they normally respond to mechanical inputs resulting from head 

movements and positional changes with their output controlling muscle reflexes to maintain 

posture and eye position.”  It is completely unknown how the very few neural paths from the 

OHC to the brain respond, if they do at all (95% of the connections are between the IHC and the 

brain).  So at this moment, inner ear experts have not found a method for airborne infrasound to 

impact the inner ear.  The potential exists such that the OHC respond to infrasound, but that the 

functional role of the connection between the OHC and the brain remains unknown.  Further, the 

modulation of the sound received at the IHC itself has not been shown to cause nausea, 

headaches, or dizziness.    

In the discussion of amplitude-modulated noise, it was already noted that wind turbines 

produce audible sound in the low frequency regime (20–200Hz).  It has been shown that the 

sound levels in this range from some turbines are above the levels for which subjects in a Korean 

study have complained of psychological effects (Jung & Cheung, 2008).  O’Neal (2011) also 

shows that the sound pressure level for frequencies between 30 and 200 Hz from two modern 

wind turbines at roughly 310 m are above the threshold of hearing but below the criterion for 

creating window rattle or other perceptible vibrations.  The issue of vibration is discussed more 

in the next section.  It is noted that the amplitude-modulated noise is most likely at the heart of 

annoyance complaints.  In addition, amplitude-modulated noise may be a source of sleep 

disturbance noted by survey respondents.  However, direct health impacts have not been 

demonstrated.  

3.6.a Vibration 

Vibroacoustics disease (VAD) has been identified as a potential health impact of wind 

turbines in the Pierpont book.  Most of the literature around VAD is attributed to Branco and 

Alves-Pereira.  Related citations attributed to Takahashi (2001), Hedge and Rasmussen (1982) 

though are also provided.  These studies all required very clear coupling to large vibration 

sources such as jackhammers and heavy equipment.  The latter references focus on high levels of 

low frequency vibrations and noise.  In particular, Rasmussen studied the response of people to 

vibrating floors and chairs.  The vibration displacements in the study were on the order of 0.01 

cm (or 1000 times larger than the motion found 100 m from a wind farm in a seismic study 

(Styles et al., 2005).  Takahashi used loud speakers placed 2 m from subjects’ bodies, only 
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testing audible frequencies 20–50 Hz, using pressure levels on the order of 100–110 dB (roughly 

30 dB higher than any sound measured from a wind turbine in this frequency range) to induce 

vibrations at various points on the body.  The Hedge source is not a study but a bulleted list of 

points that seem to go along with a lecture in an ergonomics class for which no citations are 

provided.  Branco’s work is slightly different in that she considered very long-term exposures to 

moderately intense vibration inputs.  While there may be possible connection to wind turbines, at 

present, the connection is not substantiated given the very low levels of vibration and airborne 

ILFN that have been measured from wind turbines.  

While vibroacoustic disease may not be substantiated, vibration levels that lead to 

annoyance or feelings of uneasiness may be more plausible.   Evidence for these responses is 

discussed below. 

Pierpont refers to a paper by Findeis and Peters (2004).  This reference describes a 

situation in Germany where complaints of disturbing sound and vibration were investigated 

through the measurement of the vibration and acoustics within the dwelling, noting that people 

complained about vibrations that were not audible.  The one figure provided in the text shows 

that people were disturbed by what was determined to be structure-borne sound that was radiated 

by walls and floors at levels equivalent to 65 dB at 10 Hz and 40 dB at 100 Hz.  The 10 Hz level 

is just below audible.  The level reported at 100 Hz, however, is just above the hearing threshold. 

The authors concluded that the disturbances were due to a component of the HVAC system that 

coupled directly to the building.    

The Findeis and Peters (2004), report is reminiscent of papers related to investigations of 

“haunted” spaces (Tandy, 1998, 1999).  In these studies room frequencies around 18 Hz were 

found.  The studies hypothesized that apparitions were the result of eye vibrations (the eye is 

sensitive to 18 Hz) induced by the room vibration field.  In one of these studies, a ceiling fan was 

found to be the source of the vibration.  In the other, the source was not identified. 

When the source was identified in the previously mentioned studies, there appears to be 

an obvious physical coupling mechanism.  In other situations it has been estimated that airborne 

disturbances have influenced structures.  A NASA report from 1982 gives a figure that estimates 

the necessary sound pressure level at various frequencies to force vibrations in windows, walls, 

and floors of typical buildings (Stephens, 1982).  The figure on page 14 of that report shows 

infrasound levels of 70–80 dB can induce wall and floor vibrations.  On page 39 the report also 
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shows some floor vibration levels that were associated with a wind turbine.  On the graph these 

were the lowest levels of vibration when compared to vibrations from aircraft noise and sonic 

booms.  Another figure on page 43 shows vibrations and perception across the infrasonic 

frequency range.  Again, wind turbine data are shown, and they are below the perception line.  

A second technical report (Kelley, 1985) from that timeframe describes disturbances 

from the MOD-1 wind turbine in Boone, North Carolina.  This was a downwind turbine mounted 

on a truss tower.  Out of 1000 homes within about 2 km, 10 homes experienced room vibrations 

under certain wind conditions.  A careful measurement campaign showed that indeed these few 

homes had room vibrations related to the impulsive noise unique to downwind turbines.  The 

report contains several findings including the following:  1) the disturbances inside the homes 

were linked to the impulsive sound generated by the turbine (due to tower wake/blade 

interaction) and not seismic waves, 2) the impulsive signal was feeding energy into the 

vibrational modes of the rooms, floors, and walls where the floor/wall modes were the only 

modes in the infrasonic range, 3) people felt the disturbance more than they heard it, 4) peak 

vibration values were measured in the frequency range 10–20 Hz (floor/wall resonances) and it 

was deduced that the wall facing the turbine was being excited, 5) the fact that only 10 homes 

out of 1000 (scattered in various directions around the turbine) were affected was shown to be 

related to complicated sound propagation paths, and 6) while the shape of the impulse itself was 

given much attention and was shown to be a driving force in the coupling to the structural 

vibrations, comments were made in the report to the effect that nonimpulsive signals with energy 

at the right frequency could couple into the structure.  The report describes a situation in Oregon 

where resonances in the flow through an exhaust stack of a gas-run turbine plant had an 

associated slow modulation of the sound leading to annoyance near the plant.  Again it was 

found that structural modes in nearby homes were being excited but this time by an acoustic field 

that was not impulsive in nature.  This is an important point because modern wind turbines do 

not create impulsive noise with strong content around 20 Hz like the downwind turbine in North 

Carolina.  Instead, they generate amplitude-modulated sound around 1 kHz as well as broadband 

infrasound (van den Berg, 2004).  The broadband infrasound that also existed for the North 

Carolina turbine was not shown to be responsible for the disturbances.  As well, the amplitude-

modulated noise that existed was not shown to be responsible for the disturbances.  So, while 

there are comparisons made to the gas turbine power plant and to the HVAC system component 
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where the impulsiveness of the sound was not the same, direct comment on the effect of modern 

turbines on the vibration of homes is not possible.     

A recent paper by Bolin et al. (2011), surveys much of the low frequency literature 

pertinent to modern wind turbines and notes that all measurements of indoor and outdoor levels 

of sound simultaneously do not show the same amplification and ringing of frequencies 

associated with structural resonances similar to what was found in North Carolina.  Instead the 

sound inside is normally less than the sound outside the structure.  Bolin et al. (2011) note that 

measurements indicate that the indoor ILFN from wind turbines typically comply with national 

guidelines (such as the Danish guideline for 44 dB(A) outside a dwelling).    However, this does 

not preclude a situation where levels would be found to be higher than the standards.  They 

propose that further investigations of an individual dwelling should be conducted if the measured 

difference between C-weighted and A-weighted sound pressure level of outdoor exposure is 

greater than 15 dB.  A similar criterion is noted in the non-peer reviewed report by Kamperman 

et al. (2008). 

Related to room vibration is window rattle.  This topic is described in the NASA reports, 

discussed above (Stephens, 1982) and discussed in the articles by Jung and Cheung (2008) and 

O’Neal (2011).  In these articles it has been noted that window rattle is often induced by 

vibrations between 5 and 9 Hz, and measurements from wind turbines show that there can be 

enough energy in this range to induce window rattle.  Whether the window rattle then generates 

its own sound field inside a room at an amplitude great enough to disturb the human body is 

unknown.   

Seismic transmission of vibration at the North Carolina site was considered.  In that study 

the seismic waves were ruled out as too low of amplitude to induce the room vibrations that were 

generated.  Related are two sets of measurements that were taken near wind farms to assess the 

potential impact of seismic activity on extremely sensitive seismic measurement stations (Styles, 

2005, Schofield, 2010).  One study considered both waves traveling in the ground and the 

coupling of airborne infrasound to the ground, showing that the dominant source of seismic 

motion is the Rayleigh waves in the ground transmitted directly by the tower, and that the 

airborne infrasound is not playing a role in creating measurable seismic motion.  The two reports 

indicate that at 100 meters from a wind turbine farm (>6 turbines) the maximum motion that is 

induced is 120 nanometers (at about 1 Hz).  A nanometer is 10-9 m.  So this is 1.2 x 10-7 m of 
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ground displacement.  Extremely sensitive measuring devices have been used to detect this slight 

motion.  To put the motion in perspective, the diameter of a human hair is on the order of 10-6 m.  

These findings indicate that seismic motion induced from one or two turbines is so small that it 

would be difficult to induce any physical or structural response.    

Hessler and Hessler, (2010) reviewed various state noise limits and discussed them in 

connection with wind turbines.  The article contains a few comments related to low frequency 

noise.  It is stated that, “a link between health complaints and turbine noise has only been 

asserted based on what is essentially anecdotal evidence without any valid epidemiological 

studies or scientific proof of any kind.”  The article states that if a metric for low frequency noise 

is needed, then a limit of 65 dB(C) could be used.  This proposed criterion is not flexible for use 

in different environments such as rural vs. city.  In this sense, Bolin et als’ suggestion of 

checking for a difference between C-weighted and A-weighted sound pressure level of outdoor 

exposure greater than 15 dB is more appropriate.  This value of 15 dB, was based on past 

complaints associated with combustion turbines.  The Bolin article, however, also cautions that 

obtaining accurate low frequency measurements for wind turbines is difficult because of the 

presence of wind.  Even sophisticated windscreens cannot eliminate the ambient low frequency 

wind noise.   

Leventhal (2006) notes that when hearing and deaf subjects are tested simultaneously, the 

subjects’ chests would resonate with sounds in the range of 50–80 Hz.  However, the amplitude 

of the sound had to be 40–50 dB higher than the human hearing threshold for the deaf subjects to 

report the chest vibration.  This leads one to conclude that chest resonance in isolation should not 

be associated with inaudible sound.  If a room is vibrating due to a structural resonance, such 

levels may be obtained.  Again, this effect has never been measured associated with a modern 

wind turbine.   

The stimulation of house resonances and self-reported ill-effects due to a modern wind 

turbine appear in a report by independent consultants that describes pressure measurements taken 

inside and outside of a home in Falmouth Massachusetts in the spring of 2011 (Ambrose & 

Rand, 2011).  The measurements were taken at roughly 500 meters from a single 1.65 MW stall-

regulated turbine when the wind speeds were relatively high: 20-30 m/s at hub height. The 

authors noted feeling ill when the dB(A) levels indoors were between 18 and 24 (with a 

corresponding dB(G) level of 51-64).  They report that they felt effects both inside and outside 
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but preferred to be outside where the dB(A) levels ranged from 41-46 (with corresponding dB(G) 

levels from 54-65.)  This is curious because weighted measurements account for human response 

and the weighted values were higher outside. However, the actual dB(L) levels were higher 

inside.   

The authors present some data indicating that the G-weighted value of the pressure signal 

is often greater than 60 dB(G), the averaged threshold value proposed by Salt and Hullar (2011) 

for OHC activation.  However, the method used to obtain the data is not presented, and the time 

scale over which the data are presented (< 0.015 seconds or 66 Hz) is too short to properly 

capture the low frequency content.   

The data analysis differed from the common standard of practice in an attempt to 

highlight weaknesses in the standard measurement approach associated with the capture of 

amplitude modulation and ILFN.  This departure from the standard is a useful step in defining a 

measurement technique such as that called for in a report by HGC Engineering (HGC, 2010), 

that notes policy making entities should “consider adopting or endorsing a proven measurement 

procedure that could be used to quantify noise at infrasonic frequencies.” 

The measurements by Ambrose and Rand (2011) show a difference in A and C weighted 

outdoor sound levels of around 15 dB at the high wind speeds (which is Bolin et. al.’s 

recommended value for triggering further interior investigations).  The simultaneous indoor and 

outdoor measurements indicate that at very low frequencies (2-6 Hz) the indoor pressure levels 

are greater than those outdoors.  It is useful to note that the structural forcing at the blade-

passage-frequency, the time delay and the subsequent ringing that was present in the Boone 

homes (Kelley, 1985) is not demonstrated by Ambrose and Rand (2011).  This indicates that the 

structural coupling is not forced by the amplitude modulation and is due to a much subtler 

process.  Importantly, while there is an amplification at these lower frequencies, the indoor levels 

(unweighted) are still far lower than any levels that have ever been shown to cause a physical 

response (including the activation of the OHC) in humans.  

The measurements did reveal a 22.9 Hz tone that was amplitude modulated at 

approximately the blade passage frequency.  The source of the tone was not identified, and no 

indication as to whether the tone varied with wind speed was provided, a useful step  to help 

determine whether the tone is aerodynamically generated.  The level of this tone is shown to be 

higher than the OHC activation threshold. The 22.9 Hz tone did not couple to the structure and 
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showed the normal attenuation from outside to inside the structure.  In order to determine if the 

results that show potential tonal activation of the OHC  are generalizable, it is necessary to 

identify the source of this tone which could be unique to stall-regulated turbines or even unique 

to this specific brand of turbine.   

Finally, the measurements shown in the report are atypical within the wind turbine 

measurement literature and the data analysis is not fully described.  Also, the report offers no 

plausible coupling mechanism of the sound waves to the body beyond that proposed by Salt and 

Hullar (2011).  Because of this, the results are suggestive but require corroboration of the 

measurements  and scientifically based mechanisms for human health impact. 

3.6.b Summary of Claimed Health Impacts 

In this section, the potential health impacts due to noise and vibration from wind turbines 

was discussed.  Both the infrasonic and low frequency noise ranges were considered.  Assertions 

that infrasound and low frequency noise from turbines affect the vestibular system either through 

airborne coupling to humans are not empirically supported.  In the multitude of citations given in 

the popular media as to methods in which the vestibular system is influenced, all refer to 

situations in which there is direct vibration coupling to the body or when the wave amplitudes 

are orders of magnitudes greater than those produced by wind turbines.  Recent research has 

found one potential path in the auditory system, the OHC, in which infrasound might be sensed.  

There is no evidence, however, that when the OHC sense infrasound, it then leads to any of the 

symptoms reported by complainants.  That the infrasound and low frequency noise couple to 

humans through the forcing of structural vibration is plausible but has not been demonstrated for 

modern wind turbines.  In addition, should it be shown that such a coupling occurs, research 

indicates that the coupling would be transient and highly dependent on wind conditions and 

localized to very few homes surrounding a turbine.   

Seismic activity near a turbine due to vibrations transmitted down the tower has been 

measured, and the levels are too low to produce vibrations in humans. 

The audible noise from wind turbines, in particular the amplitude modulated trailing edge 

noise, does exist, changes level based on atmospheric conditions, can change character from 

swish to thump-based on atmospheric effects, and can be perceived from home to home 

differently based on propagation effects.  This audible sound has been noted by complainants as 

a source of annoyance and a cause for sleep disruption.  Some authors have proposed nighttime 
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noise regulations and regulations based on shorter time averages (vs. annual averages) as a 

means to reduce annoyance from this noise source.  Some have conjectured that the low 

frequency content of the amplitude-modulated noise is responsible for the annoyance. They have 

proposed that the difference between the measured outdoor A- and C- weighted sound pressure 

levels could be used to identify situations in which the low frequency content is playing a larger 

role.  Further, they note that this difference might be used as part of a regulation as a means to 

reduce annoyance. 
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Chapter  4 

Findings 

Based on the detailed review of the scientific literature and other available reports and 

consideration of the strength of scientific evidence, the Panel presents findings relative to three 

factors associated with the operation of wind turbines: noise and vibration, shadow flicker, and 

ice throw.  The findings that follow address specifics in each of these three areas. 

4.1 Noise 

4.1.a Production of Noise and Vibration by Wind Turbines 

1. Wind turbines can produce unwanted sound (referred to as noise) during operation.  The

nature of the sound depends on the design of the wind turbine.  Propagation of the sound

is primarily a function of distance, but it can also be affected by the placement of the

turbine, surrounding terrain, and atmospheric conditions.

a. Upwind and downwind turbines have different sound characteristics, primarily

due to the interaction of the blades with the zone of reduced wind speed behind

the tower in the case of downwind turbines.

b. Stall regulated and pitch controlled turbines exhibit differences in their

dependence of noise generation on the wind speed

c. Propagation of sound is affected by refraction of sound due to temperature

gradients, reflection from hillsides, and atmospheric absorption.  Propagation

effects have been shown to lead to different experiences of noise by neighbors.

d. The audible, amplitude-modulated noise from wind turbines (“whooshing”) is

perceived to increase in intensity at night (and sometimes becomes more of a

“thumping”) due to multiple effects:  i) a stable atmosphere will have larger wind

gradients, ii) a stable atmosphere may refract the sound downwards instead of

upwards, iii) the ambient noise near the ground is lower both because of the stable

atmosphere and because human generated noise is often lower at night.

2. The sound power level of a typical modern utility scale wind turbine is on the order of

103 dB(A), but can be somewhat higher or lower depending on the details of the design

and the rated power of the turbine.  The perceived sound decreases rapidly with the

distance from the wind turbines.  Typically, at distances larger than 400 m, sound
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pressure levels for modern wind turbines are less than 40 dB(A), which is below the level 

associated with annoyance in the epidemiological studies reviewed.  

3. Infrasound refers to vibrations with frequencies below 20 Hz.  Infrasound at amplitudes

over 100–110 dB can be heard and felt.  Research has shown that vibrations below these

amplitudes are not felt.  The highest infrasound levels that have been measured near

turbines and reported in the literature near turbines are under 90 dB at 5 Hz and lower at

higher frequencies for locations as close as 100 m.

4. Infrasound from wind turbines is not related to nor does it cause a “continuous

whooshing.”

5. Pressure waves at any frequency (audible or infrasonic) can cause vibration in another

structure or substance.  In order for vibration to occur, the amplitude (height) of the wave

has to be high enough, and only structures or substances that have the ability to receive

the wave (resonant frequency) will vibrate.

 4.1.b Health Impacts of Noise and Vibration 

1. Most epidemiologic literature on human response to wind turbines relates to self-reported

“annoyance,” and this response appears to be a function of some combination of the

sound itself, the sight of the turbine, and attitude towards the wind turbine project.

a. There is limited epidemiologic evidence suggesting an association between

exposure to wind turbines and annoyance.

b. There is insufficient epidemiologic evidence to determine whether there is an

association between noise from wind turbines and annoyance independent from

the effects of seeing a wind turbine and vice versa.

2. There is limited evidence from epidemiologic studies suggesting an association between

noise from wind turbines and sleep disruption.  In other words, it is possible that noise

from some wind turbines can cause sleep disruption.

3. A very loud wind turbine could cause disrupted sleep, particularly in vulnerable

populations, at a certain distance, while a very quiet wind turbine would not likely disrupt

even the lightest of sleepers at that same distance.  But there is not enough evidence to
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provide particular sound-pressure thresholds at which wind turbines cause sleep 

disruption.  Further study would provide these levels.  

4. Whether annoyance from wind turbines leads to sleep issues or stress has not been

sufficiently quantified.  While not based on evidence of wind turbines, there is evidence

that sleep disruption can adversely affect mood, cognitive functioning, and overall sense

of health and well-being.

5. There is insufficient evidence that the noise from wind turbines is directly (i.e.,

independent from an effect on annoyance or sleep) causing health problems or disease.

6. Claims that infrasound from wind turbines directly impacts the vestibular system have

not been demonstrated scientifically.  Available evidence shows that the infrasound levels

near wind turbines cannot impact the vestibular system.

a. The measured levels of infrasound produced by modern upwind wind turbines at

distances as close as 68 m are well below that required for non-auditory

perception (feeling of vibration in parts of the body, pressure in the chest, etc.).

b. If infrasound couples into structures, then people inside the structure could feel a

vibration.  Such structural vibrations have been shown in other applications to

lead to feelings of uneasiness and general annoyance.  The measurements have

shown no evidence of such coupling from modern upwind turbines.

c. Seismic (ground-carried) measurements recorded near wind turbines and wind

turbine farms are unlikely to couple into structures.

d. A possible coupling mechanism between infrasound and the vestibular system

(via the Outer Hair Cells (OHC) in the inner ear) has been proposed but is not yet

fully understood or sufficiently explained.  Levels of infrasound near wind

turbines have been shown to be high enough to be sensed by the OHC.  However,

evidence does not exist to demonstrate the influence of wind turbine-generated

infrasound on vestibular-mediated effects in the brain.

e. Limited evidence from rodent (rat) laboratory studies identifies short-lived

biochemical alterations in cardiac and brain cells in response to short exposures to

emissions at 16 Hz and 130 dB.  These levels exceed measured infrasound levels

from modern turbines by over 35 dB.
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7. There is no evidence for a set of health effects, from exposure to wind turbines, that could

be characterized as a "Wind Turbine Syndrome."

8. The strongest epidemiological study suggests that there is not an association between

noise from wind turbines and measures of psychological distress or mental health

problems.  There were two smaller, weaker, studies: one did note an association, one did

not.  Therefore, we conclude the weight of the evidence suggests no association between

noise from wind turbines and measures of psychological distress or mental health

problems.

9. None of the limited epidemiological evidence reviewed suggests an association between

noise from wind turbines and pain and stiffness, diabetes, high blood pressure, tinnitus,

hearing impairment, cardiovascular disease, and headache/migraine.

4.2 Shadow Flicker 

4.2.a Production of Shadow Flicker 

Shadow flicker results from the passage of the blades of a rotating wind turbine between 

the sun and the observer.   

1. The occurrence of shadow flicker depends on the location of the observer relative to the

turbine and the time of day and year.

2. Frequencies of shadow flicker elicited from turbines is proportional to the rotational

speed of the rotor times the number of blades and is generally between 0.5 and 1.1 Hz for

typical larger turbines.

3. Shadow flicker is only present at distances of less than 1400 m from the turbine.

4.2.b Health Impacts of Shadow Flicker 

1. Scientific evidence suggests that shadow flicker does not pose a risk for eliciting seizures

as a result of photic stimulation.

2. There is limited scientific evidence of an association between annoyance from prolonged

shadow flicker (exceeding 30 minutes per day) and potential transitory cognitive and

physical health effects.
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4.3 Ice Throw 

4.3.a Production of Ice Throw 

Ice can fall or be thrown from a wind turbine during or after an event when ice forms or 

accumulates on the blades.   

1. The distance that a piece of ice may travel from the turbine is a function of the wind

speed, the operating conditions, and the shape of the ice.

2. In most cases, ice falls within a distance from the turbine equal to the tower height, and in

any case, very seldom does the distance exceed twice the total height of the turbine

(tower height plus blade length).

4.3.b Health Impacts of Ice Throw 

1. There is sufficient evidence that falling ice is physically harmful and measures should be

taken to ensure that the public is not likely to encounter such ice.

4.4 Other Considerations 

In addition to the specific findings stated above for noise and vibration, shadow flicker 

and ice throw, the Panel concludes the following:  

1. Effective public participation in and direct benefits from wind energy projects (such as

receiving electricity from the neighboring wind turbines) have been shown to result in

less annoyance in general and better public acceptance overall.
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Chapter  5 

Best Practices Regarding Human Health Effects Of Wind Turbines 

Broadly speaking, the term “best practice” refers to policies, guidelines, or 

recommendations that have been developed for a specific situation.  Implicit in the term is that 

the practice is based on the best information available at the time of its institution.  A best 

practice may be refined as more information and studies become available.  The panel recognizes 

that in countries which are dependent on wind energy and are protective of public health, best 

practices have been developed and adopted. 

In some cases, the weight of evidence for a specific practice is stronger than it is in other 

cases.  Accordingly, best practice* may be categorized in terms of the evidence available, as 

shown in Table 3:  
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Table 3 

Descriptions of Three Best Practice Categories 

Category Name Description 

1 Research Validated 
Best Practice 

A program, activity, or strategy that has the highest degree 
of proven effectiveness supported by objective and 
comprehensive research and evaluation. 

2 Field Tested Best 
Practice 

A program, activity, or strategy that has been shown to 
work effectively and produce successful outcomes and is 
supported to some degree by subjective and objective data 
sources. 

3 Promising Practice 

A program, activity, or strategy that has worked within one 
organization and shows promise during its early stages for 
becoming a best practice with long-term sustainable 
impact.  A promising practice must have some objective 
basis for claiming effectiveness and must have the 
potential for replication among other organizations. 

*These categories are based on those suggested in “Identifying and Promoting Promising Practices.”
Federal Register, Vol. 68. No 131. 131. July 2003.  
www.acf.hhs.gov/programs/ccf/about_ccf/gbk_pdf/pp_gbk.pdf 

5.1 Noise 

Evidence regarding wind turbine noise and human health is limited.   There is limited 

evidence of an association between wind turbine noise and both annoyance and sleep disruption, 

depending on the sound pressure level at the location of concern.  However, there are no 

research-based sound pressure levels that correspond to human responses to noise.  A number of 

countries that have more experience with wind energy and are protective of public health have 

developed guidelines to minimize the possible adverse effects of noise.  These guidelines 

consider time of day, land use, and ambient wind speed.  Table 4 summarizes the guidelines of 

Germany (in the categories of industrial, commercial and villages) and Denmark (in the 

categories of sparsely populated and residential). The sound levels shown in the table are for 

nighttime and are assumed to be taken immediately outside of the residence or building of 

concern.  In addition, the World Health Organization recommends a maximum nighttime sound 

pressure level of 40 dB(A) in residential areas.  Recommended setbacks corresponding to these 

values may be calculated by software such as WindPro or similar software.  Such calculations 

are normally to be done as part of feasibility studies.  The Panel considers the guidelines shown 
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below to be Promising Practices (Category 3) but to embody some aspects of Field Tested Best 

Practices (Category 2) as well. 

Table 4 

Promising Practices for Nighttime Sound Pressure Levels by Land Use Type 

Land Use Sound Pressure Level, 
dB(A) Nighttime Limits 

Industrial 70 

Commercial 50 

Villages, mixed usage 45 

Sparsely populated areas, 8 m/s wind* 44 

Sparsely populated areas, 6 m/s wind* 42 

Residential areas, 8 m/s wind* 39 

Residential areas, 6 m/s wind* 37 
*measured at 10 m above ground, outside of residence or location of concern

The time period over which these noise limits are measured or calculated also makes a 

difference.  For instance, the often-cited World Health Organization recommended nighttime 

noise cap of 40 dB(A) is averaged over one year (and does not refer specifically to wind turbine 

noise).  Denmark’s noise limits in the table above are calculated over a 10-minute period.  These 

limits are in line with the noise levels that the epidemiological studies connect with insignificant 

reports of annoyance.  

The Panel recommends that noise limits such as those presented in the table above be 

included as part of a statewide policy regarding new wind turbine installations.  In addition, 

suitable ranges and procedures for cases when the noise levels may be greater than those values 

should also be considered.  The considerations should take into account trade-offs between 

environmental and health impacts of different energy sources, national and state goals for energy 

independence, potential extent of impacts, etc.   

The Panel also recommends that those involved in a wind turbine purchase become 

familiar with the noise specifications for the turbine and factors that affect noise production and 

noise control.  Stall and pitch regulated turbines have different noise characteristics, especially in 

high winds.  For certain turbines, it is possible to decrease noise at night through suitable control 

measures (e.g., reducing the rotational speed of the rotor).  If noise control measures are to be 
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considered, the wind turbine manufacturer must be able to demonstrate that such control is 

possible.  

The Panel recommends an ongoing program of monitoring and evaluating the sound 

produced by wind turbines that are installed in the Commonwealth.  IEC 61400-11 provides the 

standard for making noise measurements of wind turbines (International Electrotechnical 

Commission, 2002).  In general, more comprehensive assessment of wind turbine noise in 

populated areas is recommended.  These assessments should be done with reference to the 

broader ongoing research in wind turbine noise production and its effects, which is taking place 

internationally.  Such assessments would be useful for refining siting guidelines and for 

developing best practices of a higher category. Closer investigation near homes where outdoor 

measurements show A and C weighting differences of greater than 15 dB is recommended.   

5.2 Shadow Flicker 

Based on the scientific evidence and field experience related to shadow flicker, Germany has 

adopted guidelines that specify the following: 

1. Shadow flicker should be calculated based on the astronomical maximum values (i.e., not

considering the effect of cloud cover, etc.).

2. Commercial software such as WindPro or similar software may be used for these

calculations.  Such calculations should be done as part of feasibility studies for new wind

turbines.

3. Shadow flicker should not occur more than 30 minutes per day and not more than 30

hours per year at the point of concern (e.g., residences).

4. Shadow flicker can be kept to acceptable levels either by setback or by control of the

wind turbine.  In the latter case, the wind turbine manufacturer must be able to

demonstrate that such control is possible.

The guidelines summarized above may be considered to be a Field Tested Best Practice

(Category 2).  Additional studies could be performed, specifically regarding the number of hours 

per year that shadow flicker should be allowed, that would allow them to be placed in Research 

Validated (Category 1) Best Practices.  
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5.3 Ice Throw 

Ice falling from a wind turbine could pose a danger to human health.  It is also clear that 

the danger is limited to those times when icing occurs and is limited to relatively close proximity 

to the wind turbine.  Accordingly, the following should be considered Category 1 Best Practices. 

1. In areas where icing events are possible, warnings should be posted so that no one passes

underneath a wind turbine during an icing event and until the ice has been shed.

2. Activities in the vicinity of a wind turbine should be restricted during and immediately

after icing events in consideration of the following two limits (in meters).

For a turbine that may not have ice control measures, it may be assumed that ice could

fall within the following limit: 

( )HRx throw += 25.1max,

Where: R = rotor radius (m), H = hub height (m) 

For ice falling from a stationary turbine, the following limit should be used: 

( ) 15/max, HRUx fall +=

Where: U = maximum likely wind speed (m/s) 
The choice of maximum likely wind speed should be the expected one-year return 

maximum, found in accordance to the International Electrotechnical Commission’s design 

standard for wind turbines, IEC 61400-1. 

Danger from falling ice may also be limited by ice control measures.  If ice control 

measures are to be considered, the wind turbine manufacturer must be able to demonstrate that 

such control is possible. 

5.4 Public Participation/Annoyance 

There is some evidence of an association between participation, economic or otherwise, 

in a wind turbine project and the annoyance (or lack thereof) that affected individuals may 

express.  Accordingly, measures taken to directly involve residents who live in close proximity 

to a wind turbine project may also serve to reduce the level of annoyance.  Such measures may 

be considered to be a Promising Practice (Category 3).   

5.5 Regulations/Incentives/Public Education 

The evidence indicates that in those parts of the world where there are a significant 

number of wind turbines in relatively close proximity to where people live, there is a close 

Roberts Direct Testimony, Ex. FR-____, Scedule 6 Page 82 of 164
Exhibit A4-7

Page 82 of 164 
014680



WIND TURBINE HEALTH IMPACT STUDY 

63 | Pa g e

coupling between the development of guidelines, provision of incentives, and educating the 

public.  The Panel suggests that the public be engaged through such strategies as education, 

incentives for community-owned wind developments, compensations to those experiencing 

documented loss of property values, comprehensive setback guidelines, and public education 

related to renewable energy.  These multi-faceted approaches may be considered to be a 

Promising Practice (Category 3).  
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Appendix A:  

 Wind Turbines - Introduction to Wind Energy 

Although wind energy for bulk supply of electricity is a relatively new technology, the 

historical precedents for it go back a long way.  They are descendents of mechanical windmills 

that first appeared in Persia as early as the 7th century (Vowles, 1932) and then re-appeared in 

northern Europe in the Middle Ages.  They were considerably developed during the 18th and 19th 

centuries, and then formed the basis for the first electricity generating wind turbine in the late 

19th century.  Development continued sporadically through the mid 20th century, with modern 

turbines beginning to emerge in the 1970’s.  It was the introduction of other technologies, such 

as electronics, computers, control theory, composite materials, and computer-based simulation 

capability that led to the successful development of the large scale, autonomously operating wind 

turbines that have become so widely deployed over the past twenty years. 

The wind is the most important external factor in wind energy.  It can be thought of as the 

“fuel” of the wind turbine, even though it is not consumed in the process.  The wind determines 

the amount of energy that is produced, and is therefore referred to as the resource.  The wind 

resource can vary significantly, depending on the location and the nature of the surface.  In the 

United States, the Great Plains have a relatively energetic wind resource.  In Massachusetts, 

winds tend to be relatively low inland, except for mountaintops and ridges.  The winds tend to be 

higher close to the coast and then increase offshore.  Average offshore wind speeds generally 

increase with distance from shore as well.  The wind resource of Massachusetts is illustrated in  
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Figure AA.1:  Map of the Massachusetts Wind Resource (From National Renewable Energy Laboratory, 

http://www.windpoweringamerica.gov/images/windmaps/ma_50m_800.jpg) 

This section summarizes the basic characteristics of the wind in so far as they relate to 

wind turbine power production.  Much more detail on this topic is provided in (Manwell et al., 

2009).  The wind will also affect the design of the wind turbines, and for this purpose it is 

referred to as an “external design condition.”  This aspect of the wind is discussed in more detail 

in a later section.  
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AA.1 Or igin of the Wind 

The wind originates from sunlight due to the differential heating of various parts of the 

earth. This differential heating produces zones of high and low pressure, resulting in air 

movement. The motion of the air is also affected by earth’s rotation.  Considerations regarding 

the wind insofar as it relates to wind turbine operation include the following: (i) the winds aloft 

(geostrophic wind), (ii) atmospheric boundary layer meteorology, (iii) the variation of wind 

speed with height, (iv) surface roughness, and (v) turbulence. 

The geostrophic wind is the wind in the upper atmosphere, which results from the 

combined effects of the pressure gradient and the earth’s rotation (via the Coriolis force).  The 

gradient wind can be thought of as an extension of the geostrophic wind, the difference in this 

case being that centrifugal effects are included.  These result from curved isobars (lines of 

constant pressure) in the atmosphere.  It is these upper atmosphere winds that are the source of 

most of the energy that eventually impinges on wind turbines.  The energy in the upper 

atmosphere is transferred down closer to the surface via a variety of mechanisms, most notably 

turbulence, which is generated mechanically (via surface roughness) and thermally (via the rising 

of warm air and falling of cooler air).   

Although driven by higher altitude winds, the wind near the surface is affected by the 

surrounding topography (such as mountains and ridges) and surface conditions (such as tree 

cover or presence of buildings).   

AA.2 Variability of the Wind 

One of the singular characteristics of the wind is its variability, both temporal and spatial. 

The temporal variability includes: (i) short term (gusts and turbulence), (ii) moderately short 

term (e.g., hr to hr means), (iii) diurnal (variations over a day), (iv) seasonal, and (v) inter-annual 

(year to year).  The wind may vary spatially as well, both from one location to another or with 

height above ground. 
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Figure AA.2 illustrates the variability of the hourly average wind speeds for one year at one 

location. 

 Figure AA.2:  Typical hourly wind speeds over a year 

As can be seen, the hourly average wind speed in this example varies significantly over the year, 

ranging from zero to nearly 30 m/s. 

Figure AA.3 illustrates wind speed at another location recorded twice per second over a 

23-hour period.  There is significant variability here as well.  Much of this variability in this 

figure is associated with short-term fluctuations, or turbulence.  Turbulence has some effect on 

power generation, but it has a more significant effect on the design of wind turbines, due to the 

material fatigue that it tends to engender.  Turbulence is discussed in more detail in a later 

section. 
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Figure AA.3:  Typical wind data, sampled at 2 Hz for a 23-hr period 

In spite of the variability in the wind time series, summary characteristics have much less 

variability.  For example, the annual mean wind speed at a given location is generally within +/- 

10% of the long-term mean at that site.  Furthermore, the distribution of wind speeds, that is to 

say the frequency of occurrence of winds in various wind speed ranges, also tends to be similar 

from year.  The general shape of such distributions is also similar from one location to another, 

even if the means are different.  In fact, statistical models such as the Weibull distribution can be 

used to model the occurrences of various wind speeds in most locations on the earth.  For 

example, the number of occurrences of wind speed in various ranges from the data set illustrated 

in Figure AA.2 are shown in Figure AA.4, together with the those occurrences as modeled by the 

Weibull distribution. 
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Figure AA.4:  Typical frequency of occurrence of wind speeds, based on data and statistical model 

The Weibull distribution’s probability density function is given by: 
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Where c = Weibull scale factor (m/s) and k = Weibull shape factor (dimensionless) 

For the purposes of modeling the occurrences of wind speeds, the scale and shape factors may be 

approximated as follows: 
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Where U is the long-term mean wind speed (m/s, based on 10 min or hourly averages) and Uσ
is the standard deviation of the wind speed, based on the same 10 min or hourly averages. 
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AA.3 Power in the Wind 

The power available in the wind can be predicted from the fundamental principles of 

fluid mechanics.  First of all, the energy per unit mass of a particle of air is given simply by ½ 

times the square of the velocity, U (m/s).  The mass flow rate of the air (kg/s) through a given 

area A (m2) perpendicular to the direction of the wind is AUm ρ=& , where ρ is the density of the 

air (kg/m3).  The power in the wind per unit area, P/A, (W/m2) is then: 

( ) 32

2
1

2
1

// UUAmAP ρ== &

(4) 

AA.4 Wind Shear 

Wind shear is the variation of wind speed with height. Wind shear has relevance to power 

generation, to turbine design, and to noise generation.  The variation of wind speed with height is 

typically modeled with a power law as follows:  

[ ]α
1212 / hhUU = (5) 

Where U1 = speed at reference height h1, U2 is the wind speed to be estimated at height h2 and α 

is the power law exponent. Values of the exponent typically range from a 0.1 for smooth surfaces 

to 0.4 for very rough surfaces (such as forests or built-up areas.) 

Wind shear can also be affected by the stability of the atmosphere.  Equations have been 

developed that allow the incorporation of stability parameters in the analysis, but these too are 

outside the scope of this overview. 

AA.5 Wind and Wind Turbine Structural Issues 

As discussed previously, the wind is of particular interest in wind turbine applications, 

since it is the source of the energy. It is also the source of significant structural loads that the 

turbine must be able to withstand.  Some of these loads occur when the turbine is operating; 

others occur when it is stopped.  Extreme winds, for example, are likely to affect a turbine when 

it is stopped.  High winds with sudden directional change during operation can also induce high 

loads. Turbulence during normal operation results in fatigue.  The following is a summary of the 

key aspects of the wind that affect the design of wind turbines.  More details may be found in 

(Manwell et al., 2009). 
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AA.5.a Turbulence 

Turbulence in the wind can have significant effect on the structure of a wind turbine as 

well as its operation, and so it must be considered in the design process.  The term “turbulence” 

refers to the short-term variations in the speed and direction of the wind.  It manifests itself as 

apparently random fluctuations superimposed upon a relatively steady mean flow. Turbulence is 

not actually random, however.  It has some very distinct characteristics, at least in a statistical 

sense.  

Turbulence is characterized by a number of measures.  These include: (i) turbulence 

intensity, (ii) turbulence probability density functions (pdf), (iii) autocorrelations, (iv) integral 

time scales and length scales, and (v) power spectral density functions.  Discussion of the 

physics of turbulence is outside the scope of this overview. 

AA.5.b Gusts 

A gust is discrete increase and then decrease in wind speed, possibly associated with a 

change in wind direction, which can be of significance to the design of a wind turbine.  Gusts are 

typically associated with turbulence. 

AA.5.c Extreme Winds 

Extreme winds need to be considered for the design of a wind turbine.  Extreme winds 

are normally associated with storms.  They occur relatively rarely, but often enough that the 

possibility of their occurring cannot be ignored.  Statistical models, such as the Gumbel 

distribution (Gumbel, 1958), are used to predict the likelihood of such winds occurring at least 

once every 50 or 100 years.  Such intervals are called return periods. 

AA.5.d Soils 

Soils are also important for the design and installation of a wind turbine. In particular, the 

nature of the soil will affect the design of the wind turbine foundations.  Discussion of soils is 

outside the scope of this overview. 

AA.6 Wind Turbine Aerodynamics 

The heart of the wind turbine is the rotor.  This is a device that extracts the kinetic energy 

from the wind and converts it into a mechanical form.  Below is a summary of wind turbine rotor 

aerodynamics.  More details may be found in (Manwell et al., 2009).  

A wind turbine rotor is comprised of blades that are attached to a hub.  The hub is in turn 

attached to a shaft (the main shaft) which transfers the energy through the remainder of the drive 
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train to the generator where is it converted to electricity.  The maximum power that a rotor can 

extract from the wind is first of all limited by the power in the wind, which passes through an 

area defined by the passage of the rotor.  At the present time, most wind turbines utilize a rotor 

with a horizontal axis.  That is, the axis of rotation is (nominally) parallel to the earth’s surface.  

Accordingly, the area that is swept out by the rotor is circular.  Assuming a rotor radius of R (m), 

the maximum power P (W) available in the wind is:  

32

2

1
URP ρπ=

(6) 

Early in the 20th century, it was shown by Betz (among others, see [4]) that the maximum 

power that could be extracted was less than the power in the wind; in fact, it was 16/27 times that 

value.  Betz’ work led to the definition of a power coefficient, Cp, which expresses the ratio of 

the actual power extracted by a rotor to the power in the wind. When considering efficiencies of 

other components in the drive train, as expressed by the η, the total power out a wind turbine, 

PWT, would be given by: 

32

2

1
URCP pWT ρπη=

(7) 

The maximum value of the power coefficient, known as the Betz limit, is thus 16/27. 

Betz’ original analysis was based on the fundamental principles of fluid mechanics 

including linear momentum theory.  It also included the following assumptions: (i) homogenous, 

incompressible, steady state fluid flow; (ii) no frictional drag; (iii) a rotor with an infinite number 

of (very small) blades; (iv) uniform thrust over the rotor area; (v) a non-rotating wake; and (vi) 

the static pressure far upstream and far downstream of the rotor that is equal to the undisturbed 

ambient static pressure. 

A real rotor operating on a horizontal axis will result in a rotating wake. Some of the 

energy in the wind will go into that rotation and will not be available for conversion into 

mechanical power.  The result is that the maximum power coefficient will actually be less than 

the Betz limit.  The derivation of the maximum power coefficient for the rotating wake case use 

a number of terms: (i) the rotational speed of turbine rotor, Ω, in radians/sec; (ii) tip speed ratio, 

λ = ΩR/U; (iii) local speed ratio, λr = λ r/R; (iv) rotational speed of wake, ω; (v) an axial 

induction factor, a, which relates the free stream wind speed to the wind speed at the rotor and 
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the wind speed in the far wake ( ( ) streamfreerotor UaU −= 1  and ( ) streamfreewake UaU 21−= ); and (vi) 

an angular induction factor, a’ = ω/2 Ω.  According to this analysis, the maximum possible 

power coefficient is given by:  

( )∫ −=
λ

λλ
λ 0

3
2max, 1'

8
rrP daaC

(8) 

The maximum power coefficient for a rotor with a rotating wake and the Betz limit are 

illustrated in Figure AA.5. 

Figure AA.5:  Maximum theoretical power coefficients for rotating and non-rotating wakes 

Neither of the analyses summarized above gives any indication as to what the blades of 

the rotor actually look like.  For this purpose, a method called blade element momentum (BEM) 

theory was developed.  This approach assumes that the blades incorporate an airfoil cross 

section. Figure AA.6 shows a typical airfoil, including some of the nomenclature. 
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Figure AA.6:  Airfoil nomenclature 

The BEM method equates the forces on the blades associated with air flowing over the 

airfoil with forces associated with the change in momentum of the air passing through the rotor. 

The starting point for this analysis is the assessment of the lift force on an airfoil.  Lift is a force 

perpendicular to the flow.  It is given by  

2

2
1~

cUCF LL ρ=
(9) 

Where: 

LF
~  = force per unit length, N/m

CL = lift coefficient, - 

c = chord length (distance from leading edge to trailing edge of airfoil, m) 

Thin airfoil theory predicts that for a very thin, ideal airfoil the lift coefficient is given by 

απ sin2=LC  (11) 

where α is the angle of attack, which is the angle between the flow and the chord line of the airfoil. 

The lift coefficient for real airfoils typically includes a constant term but the slope, at 

least for low angles of attack, is similar to that for an ideal airfoil.  For greater angles of attack 

(above 10–15 degrees) the lift coefficient begins to decrease, eventually approaching zero.  This 

is known as stall.  A typical lift coefficient vs. angle of attack curve is illustrated in Figure AA.7. 
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Figure AA.7:  Typical airfoil lift vs. angle of attack 

There is always some drag force associated with fluid flow.  This is a force is in line with 

the flow.  Drag force (per unit length) is given by: 

2

2
1~

cUCF DD ρ=
(12) 

Where CD = drag coefficient 

When designing blades for a wind turbine, it is generally desired to minimize the drag to 

lift ratio at the design point.  This generally results in a lift coefficient in the vicinity of 1.0 and a 

drag coefficient of approximately 0.006, although these values can differ depending on the 

airfoil.   

Blade element momentum theory, as noted above, relates the blade shape to its 

performance.  The following approach is used.  The blade is divided into elements and the rotor 

is divided into annuli.  Two simultaneous equations are developed: one expresses the lift and 

drag coefficient (and thus forces) on the blade elements as a function of airfoil data and the 

wind's angle of attack.  The other expresses forces on the annuli as a function of the wind 

through the rotor, rotor characteristics, and changes in momentum.  Some of the key assumptions 

are: (i) the forces on blade elements are determined solely by lift/drag characteristics of the 

airfoil, (ii) there is no flow along the blade, (iii) lift and drag force are perpendicular and parallel 

respectively to a “relative wind,” and (iv) forces are resolved into components perpendicular to 

the rotor (“thrust”) and tangential to it (“torque”).   

Using BEM theory, it may be shown for an ideal rotor that the angle of relative wind, φ, 

as a function of tip speed ratio and radial position on the blade is given by: 
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( ) ( )rλϕ 1tan 1
3

2 −= (13) 

Similarly, the chord length is given by: 

( )ϕπ
cos1

8 −=
LBC

r
c

(14) 

Where B = the number of blades 

There are some useful observations to be drawn out of the above equations.  First of all, 

in the ideal case the blade will be twisted.  In fact, the twist angle will differ from the angle of 

relative wind by the angle of attack and a reference pitch angle θp as follows: 

pT θαϕθ −−=
(15) 

It may also be noted that the twist angle will at first increase slowly when moving from 

the tip inward and then increase more rapidly.  Second, the chord of the blade will also increase 

upon moving from the tip inward, at first slowly and then more rapidly.  In the ideal case then, a 

wind turbine blade is both significantly twisted and tapered.  Real blades, however, are designed 

with a less than optimal shape for a variety of practical reasons. 

Another important observation has to do with the total area of the blades in comparison to 

the swept area.  The ratio of the projected blade area is known as the solidity, σ. For a given 

angle of attack, the solidity will decrease with increasing tip speed ratio.  For example, assuming 

a lift coefficient CL of 1.0, the solidity of an optimum rotor designed to operate at a tip speed 

ratio of 2.0 is 0.43 whereas an optimum rotor designed to operate at a tip speed ratio of 6.0 

would have a solidity of 0.088.  It is therefore apparent that in order to keep blade material (and 

thus cost) to a minimum, it is desirable to design for a tip speed ratio as high as possible.   

There are other considerations in selecting a design tip speed ratio for a turbine other than 

the solidity, however.  On the one hand, higher tip speed ratios will result in gearboxes with a 

lower speed up ratio for a given turbine.  On the other hand, the effect of drag and surface 

roughness of the blade surface may become more significant for a higher tip speed ratio rotor.  

This effect could result in decreased performance.  Another concern is material strength.  The 

total forces on the rotor are nearly the same on the rotor regardless of the solidity.  Thus the 

stresses would be higher.  A final consideration is noise.  Higher tip speed ratios generally result 

in more noise produced by the blades.   
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There are numerous other considerations regarding the design of a wind turbine rotor, 

including tip losses, type of airfoil to be used, ease of manufacturing and transport, type of 

control used, selection of materials, etc.  These are all outside the scope of this overview, 

however. 

Real wind turbine rotors are designed taking into account many factors, including but not 

only their aerodynamic performance.  In addition, the rotor must be controlled so as to generate 

electricity most effectively and so as to withstand continuously fluctuating forces during normal 

operation and extreme loads during storms.  Accordingly, a wind turbine rotor does not in 

general operate at its own maximum power coefficient at all wind speeds.  Because of this, the 

power output of a wind turbine is generally described by curve, known as a power curve, rather 

than an equation such as the one for PWT which given earlier.  Figure AA.8 illustrates a typical 

power curve. As shown there, below the cut-in speed (3 m/s in the example) no power is 

produced.  Between cut-in and rated wind speed (14.5 m/s in this example), the power increases 

significantly with wind speed.  Above the rated speed, the power produced is constant, regardless 

of the wind speed, and above the cut-out speed (25 m/s in the example), the turbine is shut down. 

Figure AA.8:  Typical wind turbine power curve 

AA.7 Wind Tur bine Mechanics and Dynamics 

Earlier we discussed the aerodynamic aspects of a wind turbine, and how that related to 

its design, performance, and appearance.  The next major consideration has to do with the 

turbine’s survivability.  This topic includes its ability to withstand the forces to which the turbine 
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wil l be subjected, deflections of various components, and vibrations that may result during 

operations.  

Issues that need to be considered include: (i) ultimate strength, (ii) relative motion of 

components, (iii) vibrations, (iv) loads, (v) responses, (vi) stresses, (vii) unsteady motion, 

resulting in fatigue, and (viii) material properties. 

The types of loads that a turbine may be subjected to are as follows: static (non-rotating), 

steady (rotating), cyclic, transient, impulsive, stochastic, or resonance-induced.  Sources of loads 

may include aerodynamics, gravity, dynamic interactions, or mechanical control.  To understand 

the various loads that a wind turbine may experience, the reader may wish to review the 

fundamentals of statics (no motion), dynamics (motion), Newton's second law, the various 

rotational relations (kinematics), strength of materials (including Hooke's law and finding 

stresses from moments and geometry), gyroscopic forces/moments, and vibrations.  Among other 

topics, the cantilevered beam is particularly important, since rotor blades as well as towers have 

similar characteristics. 

Wind turbines are frequently both the source of and are subject to vibrations.  Although 

the topic can become quite complicated, it is worthwhile to recall that the natural frequency of 

simple oscillating mass, m, and spring, with spring constant, k, and is given by:  

mk/=ω (16) 

Similarly, rotational natural frequency about an axis of rotation is given by: 

Jk /θω =
(17) 

Where kθ is the rotational spring constant and J is the mass moment of inertia 

A continuous body, such as a wind turbine blade, will actually have an infinite number of 

natural frequencies (although only the first few are important), and associated with each natural 

frequency will be a mode shape that characterizes it deflection.  The vibration of a uniform 

cantilevered beam can be described relatively simply through the use of Euler’s equation (see 

Manwell et al., 2009).  Non-uniform elements require more complex methods for their analysis.

AA.7.a Rotor Motions 

There is a variety of motions that occur in the rotor that can be significant to the design or 

operation of the turbine.  These include those in the flapwise, edgewise, and torsional directions. 
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Flapwise motions are those that are perpendicular to plane of the rotor, and are 

considered positive in the direction of the thrust.  Flapwise forces are the source of the highest 

aerodynamic bending moments, and accordingly the most significant stresses. 

Lead-lag, or edgewise, motions are in plane of rotor and are considered positive when in 

the direction of the torque.  Fluctuating motions in this direction are reflected in the power.  

Torsion refers to the twisting of blade about its long axis.  Torsional moments in the 

blades must be accounted for in the design of pitch control mechanisms. 

The most important rotor load is the thrust.  This is the total force on the rotor in the 

direction of the wind (flapwise).  It is associated with the conversion of the kinetic energy of the 

wind to mechanical energy.  The thrust, T, (N) is given by: 

22

2

1
URCT T πρ=

(18) 

Where CT is the thrust coefficient.  For the ideal rotor in which the axial induction factor, 

a, is equal to 1/3 (corresponding to the Betz limit), it is easy to show that the thrust coefficient is 

equal to 8/9.  For the same rotor, the thrust coefficient may be as high as 1.0, but this would not 

occur at Cp = Cp,Betz. 

This thrust gives rise to flapwise bending moments at the root of the blade.  For example, 

for the ideal rotor when a = 1/3, and assuming a very small hub, it may be shown that the 

flapwise bending moment Mβ at the root of the blade would be given by: 

R
B

T
M

3

2=β
(19) 

Where B = number of blades 

From the bending moment, it is straightforward to find the maximum bending stress in 

the blade.  For example, suppose that a blade is 2t m thick at the root, has a symmetrical airfoil, 

and that the thrust force is perpendicular to the chord line.  Then the bending stress would be: 

bI

tM
σ

β
β =max,

(20) 

(Note that for a real blade, the asymmetry and the angles would complicate the calculation, but 

the principle is the same.) 
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Another important load is torque, Q (Nm).  Torque is given by: 

22

2

1
URCQ Q πρ=

(21) 

Where CQ = the torque coefficient, which also equal to Cp/λ. 

Note that torque is also given by: 

Ω= /PQ (22) 

Where P = power (W) 

The dynamics of a wind turbine rotor are quite complicated and do not lend themselves to 

simple illustrations. There is one approach, however, due to Stoddard (Eggleston and Stoddard, 

1987) and summarized by (Manwell et al., 2009) which is relatively tractable, but will not be 

discussed here.  In general, the dynamic response of wind turbine rotors must be simulated by 

numerical models, such as the FAST code (Jonkman, 2005) developed by the National 

Renewable Energy Laboratory. 

AA.7.b Fatigue 

Fatigue is an important phenomenon in all wind turbines. The term refers to the 

degradation of materials due to fluctuating stresses.  Such stresses occur constantly in wind 

turbines due to the inherent variability of the wind, the rotation of the rotor and the yawing of the 

rotor nacelle assembly (RNA) to follow the wind as its direction changes.  Fatigue results in 

shortened life of many materials and must be accounted for in the design.  Figure AA.9 

illustrates a typical time history of bending moment that would give rise to fluctuating stresses of 

similar appearance. 
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Figure AA.9:  Typical wind turbine blade bending moment 

The ability of a material to withstand stress fluctuations of various magnitudes is 

typically illustrated in an S-N curve.  In such curves the stress level is shown on the y axis and is 

plotted against the number of cycles to failure.  As is apparent from the figure above, stress 

fluctuations of a variety of magnitudes are likely.  The effect of a number of cycles of different 

ranges is accounted for by the damage due to each cycle using “Miner’s Rule.”  In this case, an 

amount of damage, d, due to n cycles, where the stress is such that N cycles will result in damage 

is found as follows: 

Nnd /=  (23)

Miner’s Rule states that the sum of all the damage, D, from cycles of all magnitudes must 

be less than 1.0, or failure is to be expected imminently: 

∑ ≤= 1/ ii NnD
(24) 

Miner’s Rule works best when the cycling is relatively simple.  When cycles of varying 

amplitude follow each other, an algorithm called "rainflow" cycle counting” (Downing and 

Socie, 1982) is used. 
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AA.8 Components of Wind Turbines 

Wind turbines consist of two main subsystems, the rotor nacelle assembly and the support 

structure, and each of these is comprised of many components.  The following provides some 

more description of these subsystems.  More details, particularly on the rotor nacelle assembly 

may be found in (Manwell et al., 2009). 

AA.8.a Rotor Nacelle Assembly 

The rotor nacelle assembly (RNA) includes the majority of the components associated 

with the conversion of the kinetic energy of the wind into electrical energy.  There are two major 

component groupings in the RNA as well as a number of ancillary components.  The main 

groupings are the rotor and the drive train.  The rotor includes the blades, the hub, and pitch 

control components.  The drive train includes shafts, bearings, gearbox (if any), couplings, 

mechanical brake, and generator. Other components include the bedplate, yaw bearing and yaw 

drive, oil cooling system, climate control, other electrical components, and parts of the control 

system.  An example of a typical rotor nacelle assembly is illustrated in Figure AA.10. 
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Figure AA.10:  Typical Rotor Nacelle Assembly 

 (From Vestas http://re.emsd.gov.hk/english/wind/large/large_to.html) 

AA.8.b Rotor 

The primary components of the rotor are the blades.  At the present time, most wind 

turbines have three blades, and they are oriented so as to operate upwind of the tower.  It is to be 

expected that in the future some wind turbines, particularly those intended for use offshore, will 

have two blades and will be oriented downwind of the tower, however.  For a variety of reasons 

(including that downwind turbines tend to be noisier) it is less likely that they will be used on 

land, particularly in populated areas.  

The general shape of the blades is chosen in accordance with the principles discussed 

previously.  The other major factor is the required strength of the blades. For this reason, it is 

often the case that thicker airfoils are used nearer the root than are used closer to the tip.  Blades 
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for most modern wind turbines are constructed of composites.  The laminates are primarily 

fiberglass with some carbon fiber for additional strength.  The binders are polyester or epoxy. 

At the root of the blades the composite material is attached to a steel root, which can then 

be subsequently bolted to the hub.  Most utility scale wind turbines at present include blade pitch 

control, so there is a mechanism present at the interface of the hub and the blades that will both 

secure the blades and facilitate their rotation about their long axis. 

The hub of the wind turbine rotor is constructed from steel.  It is designed so as to attach 

to the main shaft of the drive train as well as to connect with the blades.  

AA.8.c Drive train 

The drive train consists of a number of components, including shafts, couplings, a 

gearbox (usually), a generator, and a brake. 

AA.8.d Shafts 

The main shaft of the drive train is designed to transmit the torque from the rotor to the 

gearbox (if there is one) or directly to the generator if there is no gearbox.  This shaft may also 

be required to carry some or all of the weight of the rotor.  The applied torque will vary with the 

amount of power being produced, but in general it is given by the power divided by the rotational 

speed.  As discussed previously, a primary consideration in the aerodynamic design of a wind 

turbine rotor is the tip speed ratio.  A typical design tip speed ratio is 7.  Consider a wind turbine 

with a diameter of 80 m, designed for most efficient operation at a wind speed 12 m/s.  The 

rotational speed of the rotor and thus the main shaft under these conditions would be 20 rpm. 

AA.8.e Gearbox 

Wind turbines are intended to generate electricity, but most conventional generators are 

designed to turn at higher speeds than do wind turbine rotors (see below).  Therefore, a gearbox 

is commonly used to increase the speed of the shaft that drives the generator relative to that of 

the main shaft.  Gearboxes consist of a housing, gears, bearings, multiple shafts, seals, and 

lubricants.  Gearboxes for wind turbines are typically either of the parallel shaft or planetary 

type.  Frequently a gearbox incorporates multiple stages, since the maximum allowed ratio per 

stage is usually well under 10:1.  There are trade-offs in the selection of gearbox.  Parallel shaft 

gearboxes are generally less expensive than planetary ones but they are also heavier.  Gearboxes 

are generally quite efficient.  Thus the power out is very nearly equal to the power in.  The 

torque in the shafts is then equal to the power divided by the speed of the shaft. 
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AA.8.f Brake 

Nearly all wind turbines incorporate a mechanical brake somewhere on the drive train.  

This brake is normally designed to stop the rotor under all foreseeable conditions, although in 

some cases it might only serve as a parking brake for the rotor.  Mechanical brakes on utility 

scale wind turbines are mostly of the caliper/disc type although other types are possible.  Brakes 

may be placed on either the low speed or the high speed side of the gearbox.  The advantage of 

placing it on the high speed side is that less braking torque is required to stop the rotor.  On the 

other hand, the braking torque must then pass through the gearbox, possibly leading to premature 

failure of the gearbox.  In either case, the brake must be designed to absorb all of the rotational 

energy in the rotor, which is converted into heat as the rotor stops.  

AA.8.g Generator 

Electrical generators operate via the rotation of a coil of wire in a magnetic field.  The 

magnetic field is created by one or more pairs of magnetic poles situated opposite each other 

across the axis of rotation.  The magnetic field may be created either by electromagnets (as in 

conventional synchronous generators), by induction in the rotor (as in induction generators,) or 

with permanent magnets.  In alternating current systems the number of pairs of poles and the grid 

frequency determine the nominal operating speed of the generator.  For example, in a 60 Hz AC 

system, such as the United States, a generator with two pairs of poles would have a nominal 

operating speed of 1800 rpm.  In most AC generators, the field rotates and while the current is 

generated in a stationary armature (the stator).   

The majority of utility scale wind turbines today use wound rotor induction generators 

(WRIG).  This type of generator can function over a relatively wide range of speeds (on the order 

of 2:1).  Wound rotor induction generators are employed together with a power electronic 

converter in the rotor circuit.  In such an arrangement approximately 2/3 of the power is 

produced on the stator in the usual way.  The other third of the power is produced on the rotor 

and converted to AC of the correct frequency by the power electronic converter.  In this 

configuration the WRIG is often referred to as a doubly fed induction generator (DFIG).  

A number of wind turbines use permanent magnet generators.  Such generators often 

have multiple pole pairs as well.  This can allow the generator to have the same nominal speed as 

the wind turbine rotor so the main shaft can be connected directly to the generator without the 

use of a gearbox.  Most permanent magnet generators are designed to operate together with 
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power electronic converters.  These converters facilitate variable speed operation of the turbine, 

while ensuring that the electricity that is produced is of constant frequency and compatible with 

the electrical grid to which the turbine is connected. 

AA.8.h Bedplate 

The bedplate is a steel frame to which components of the drive train and other 

components of the RNA are attached.  It ensures that all the components are properly aligned. 

AA.8.i Yaw System 

Most wind turbines today include a yaw system.  This system facilitates orienting the 

RNA into the wind as the wind direction changes.  First of all, there is a slewing bearing that 

connects the top of the tower to the RNA, allowing the latter to rotate with respect to the former.  

Also attached to the top of the tower, and often to the outside perimeter of the slewing bearing, is 

a large diameter bull gear.  A yaw motor connected to a smaller gear is attached to the bedplate.  

When the yaw motor is energized, the small gear engages the bull gear, causing the RNA to 

move relative to the tower.  A yaw controller ensures that the motion is in the proper direction 

and that it continues until the RNA is aligned with the wind.  A yaw brake holds the RNA fixed 

in position until the yaw controller commands a new orientation. 

AA.8.j Control System 

A wind turbine will have a control system that ensures the proper operation of the turbine 

at all times.  The control system has two main functions: supervisory control and dynamic 

control.  The supervisory control continuously monitors the external conditions and the operating 

parameters of the turbine, and starts it up or shuts it down as necessary.  The dynamic control 

system ensures smooth operation of various controllable components, such the pitch of the 

blades or the electrical torque of the generator.  The control system may also be integrated with 

or at least be in communication with a condition monitoring system that watches over the 

condition of various key components.   

AA.8.k Support Structure 

The support structure of a wind turbine is any part of the turbine that is below the main 

bearing.  The support structure for land-based wind turbines may be conceptually divided into 

two main parts: the tower and the foundation.  The tower of a wind turbine is normally 

constructed of tapered steel tubes.  The tubes are bolted together on site to form a single structure 

of the desired height.  The foundation of a wind turbine is the part of the support structure, which 
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is in contact with the ground.  Foundations are typically constructed of reinforced concrete. 

When turbines are installed on rock, the foundations may be attached to the rock with rods, 

which are grouted into predrilled holes. 

AA.8.l Materials for Wind Turbines 

The primary types of materials used in the various components of wind turbines are steel, 

copper, composites, and concrete.  

AA.9 Installation 

Installation of wind turbines may be a significant undertaking.  It involves the following: 

• Complete assessment of site conditions

• Detailed preparing for the installation

• Constructing the foundation

• Delivering the components to the site

• Assembling the components into sub-assemblies

• Lifting the sub-assemblies into place with a crane

• Installing the electrical equipment

• Final testing

More details may be found in (Manwell et al., 2009). 

AA.10 Energy Production 

The purpose of wind turbines is to produce energy.  Energy production is usually 

considered annually.  The amount of energy that a wind turbine will produce in a year, Ey, is a 

function of the wind resource at the site where it is installed and the power curve of the wind 

turbine.  Estimates are usually done by calculating the expected energy that will be produced 

every hour of a representative year and then summing the energy from all of those hours as 

shown below: 

( )∑
=

∆=
8760

1i
iWTy tUPE (25) 

Where Ui is the wind speed in the i th hour of the year, PWT(Ui) is the average power 

(based on the power curve) during the ith hour and ∆t is the length of the time period of interest 

(here, one hr).  The units of energy are Wh, but the amount of energy production is frequently 

expressed in either kWh or MWh for the sake of convenience. 
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It is sometimes cumbersome to characterize the performance of a wind turbine by its 

actual energy production.  Accordingly, a normalized term known as the capacity factor, CF, is 

used.  This is the given by the actual energy that is produced (or estimated to be produced) 

divided by the amount of energy that would be produced if the turbine were running at is rated 

output, PR, for the entire year.  It is found from the following equation: 

R

y

P

E
CF

8760
= (26) 

AA.11 Unsteady Aspects of Wind Turbine Operation 

There are a number of unsteady aspects of wind turbine operation that are significant to 

the discussion of public reaction to wind turbines.  These in particular include the variations in 

the wind field that can change the nature of the sound emitted from the rotor during operation. 

These unsteady effects include the following: 

1. Wind shear – Wind shear refers to the variation of wind speed across some spatial

dimension.  Wind shear is most commonly thought of as a vertical phenomenon, that

is to say, the increase of wind speed with height.  Wind shear can also occur laterally

across the rotor under some circumstances.  Vertical wind shear is often modeled by a

power law as discussed earlier.  There are some situations, however, in which such a

model is not applicable. One example has to with highly stable atmosphere, such that

the wind near the ground is relatively light, but at the height of the rotor the wind is

high enough that turbine may be operating.  Under such conditions there may be

sound emanating from the rotor, but relatively little wind induced sound near the

ground to mask that from the rotor.  Wind shear may also result in a cyclically

varying aspect to the sound produced by the blades as they rotate.  This occurs due to

the changing magnitude and direction of the relative wind as the blades pass through

zones of different wind speed.

2. Tower shadow or blockage – The wind flow near the tower is inevitably somewhat

different from where there is no tower.  The effect is much more pronounced on wind

turbines with downwind rotors, but it still occurs with up-wind rotors.  This tower

effect can result in a distinct change in sound once per revolution of each blade.
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3. Turbulence – Turbulence refers to changes in magnitude and direction of the wind at

varying time scales and length scales.  The presence of turbulence can affect the

nature of the sound.

4. Changes in wind direction – Wind turbines are designed to yaw in response to

changes in wind direction.  The yawing process takes a finite amount of time and

during that time the wind impinging on the rotor will do so at a different direction

than it will when the yawing process is complete.  Sound produced during the yawing

process may have a somewhat different character than after it is complete.

5. Stall – Under some conditions part or all of the airfoils on the blades may be in stall.

That is, the angle of relative wind is high enough that the airfoil begins to lose lift.

Additional turbulence may also be generated.  Again, the nature of the sound

produced by the rotor may be different than during an unstalled state.  It may also be

noted that some turbines intentionally take advantage of stall to limit power in high

winds.  Under such conditions there may also be a change in sound in comparison to

normal operation.

AA.11.a Periodicity of Unsteady Aspects of Wind Turbine Operation 

Due to the rotation of the rotor and the nature of the wind, there tend to be certain 

features of the turbine’s operation that are periodic in nature.  The most dominant of these have 

frequencies associated with the rotational speed of the rotor and the blade passage frequency, 

which is simply the rotational speed times the number of blades.  For example, the dominant 

frequencies in a 3-blade wind turbine rotating at 20 rpm would be 0.33 Hz and 1 Hz.  Other 

significant frequencies may be the first few harmonics of the rotational frequency and blade 

passage frequency. 

AA.12 Wind Turbines and Avoided Pollutants 

Wind turbines have a positive impact on human health via avoiding emission of 

pollutants that would result if the electricity that they generate were produced instead by other 

generators.  While the average emissions of various pollutants per MWh produced from 

conventional generators is relatively easy to estimate, it is harder to estimate the actual impact of 

wind turbine generation.  This is because the electricity distributed by the electrical grid is 

produced by different types of generators, and the operation of these generators will be affected 

differently as a result of the supply of part of the total electrical demand by the wind turbines. 
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In general, electricity in any large utility network comes from three types of generators: 

base load, intermediate load, and peaking plants.  The fuel or energy source supplying these 

generators is likely to be coal, fuel oil, natural gas, uranium (nuclear plants), or water 

(hydroelectric plants). Base load plants are typically coal fired or nuclear plants. Intermediate 

load plants often use fuel oil or natural gas.  Peaking plants are normally natural gas or 

hydroelectric.  There are a considerable number of plants that may be operating at any given 

time.  Which plants are actually operating is determined by the system operator in accordance 

with what the near term forecasted load is expected to be and the estimated (bid) cost per MWh 

from all the plant operators in the system.  For thermal plants the bid cost is close to that 

projected fuel cost/MWh.  This in turn is found from heat rate of the fuel (kg/MWh) for the plant 

in question times the unit cost of the fuel ($/kg).  Less efficient plants or those with higher unit 

fuel costs tend to have relatively high bid costs.  (Note on the other hand, that wind turbines 

would have bid costs of zero, since they do not use fuel.)  

If a large number of wind turbines are operating such that they are contributing a 

significant amount of electricity to the total load, the mix of generators may well be different 

than it would be if the turbines were not present.  If only a small number of wind turbines are 

present, then the mix of generators may not change.  However, certain of the plants would be 

curtailed so as to produce less energy and thus consume less fuel.  The emissions of pollutants 

from all the operating plants could be calculated and so could the projected emissions that would 

have resulted if the wind turbines were not present.  The difference in amount of pollutants 

produced could then be assigned to the wind turbine as the avoided emissions.   

To do such an analysis properly involves estimating the actual impact of wind turbine 

generation on the mix of generators and the operating level of those generators for every hour of 

the year.  This is a non-trivial exercise, but it has been done for an offshore wind farm that was 

proposed for the town of Hull, MA.  That project was to have included four 3.6 MW turbines, for 

a total capacity of 14.4 MW.  The pollutants considered in the study were CO2, NOX, and SOX.  

The results of that study are described in detail in (Rached, 2008).  The results of that study are 

summarized in Table AA.1.  The results in the table are normalized for a 1 MW (rated) wind 

turbine and use the medium estimated wind speed for the site.  (Note under the assumptions of 

Rached’s study, a one MW (rated) wind turbine in the medium wind speed scenario at the site 

would generate 2,580 MWh/yr). 
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Table AA.1:   

Avoided emissions of pollutants for 14.4 MW wind project (based on Rached, 2008) 

CO2 (kg/MWyr) SOX (kg/MWyr) NOX (kg/MWyr) 

1,970,000 3,480 1,490 

A simpler but less accurate way to estimate the avoided emissions is to use the marginal 

rates for pollutants as specified by the Massachusetts Greenhouse Gas policy (MEPA, 2007).  

Applying this method Rached calculated avoided emissions per MW (rated) for the three 

pollutants for one year of 1,320,000 kg CO2, 2,080 kg of SO2, and 701 kg of NOx. 

In the analysis summarized above the majority of the avoidance of pollutant production 

would be due to reduced consumption of natural gas.  If a larger fraction of Massachusetts’ 

energy were to be produced by wind energy, there could be significant reductions of the 

consumption of fuel oil and coal as well.  This should result in larger amounts of avoided 

pollution per unit of wind turbine production
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Appendix B 

Wind Turbines – Shadow Flicker 

AB.1 Shadow Flicker and Flashing 

Shadow flicker occurs when the moving blades of a wind turbine rotor cast moving 

shadows that cause a flickering effect.  This flicker could annoy people living close to the 

turbine.  Similarly, it is possible for sunlight to be reflected from gloss-surfaced turbine blades 

and cause a “flashing” effect.  This phenomenon will occur during a limited amount of time in a 

year, depending on the altitude of the sun, αs; the height of the turbine, H, the radius of the rotor, 

R, and the height, direction and distance to the viewing point.  At any given time the maximum 

distance from a turbine that a flickering shadow will extend is given by: 

( ) ( )sviewshadow hRHx αtan/max, −+= (27) 

Where hview is the height of the viewing point. 

The solar altitude depends on the latitude, the day of the year, and the time as given in the 

following equations (Duffie and Beckman, 2006) 

( ) ( ) ( )[ ]φδωφδα sinsincos)cos()cos(cos90 1 +−°= −
s (28) 

Where δ = declination of the earth’s axis, ø = latitude and ω = the hour angle 

The declination is found from the following equation: 

)365/)284(360sin(45.23 n+=δ (29) 

Where n = day of the year 

The hour angle is found from the hours from noon (solar time, negative before noon, 

positive after noon), divided by 15 to convert to degrees. 

Another relevant angle is the solar azimuth.  This indicates the angle of the sun with 

respect to certain reference direction (usually north) at a particular time.  For example, the sun is 

always in the south at solar noon, so its azimuth is 180° at that time.  The solar azimuth is 

important since it determines the angle of the wind turbine’s shadow with respect to the tower.  

See Duffie and Beckman (2006) for details on calculating the solar azimuth. 
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For example, consider a location

1 (day 60) and the time is 3:00 in the afternoon. Also assume that the turbine has a tower height 

of 80 m and a radius of 30 m and that the viewing he

solar altitude is 24.4°, and the solar azimuth is 50.2° W of S. The maximum extent of the shadow

is 238 m from the turbine.  The angle of the shadow is 50.2° E of N.

Sites are typically characterized by charts su

location in Denmark (EWEA, 2004). The chart gives the number of hours per year of flicker

shadow as a function of direction and distance (measured in units of hub height). In the example

shown, two viewing points are considered. One of them (A) is directly to the north of turbine at

a distance of 6 times the hub height. The other (B) is located to the south east at a distance of 7

times the hub height. The figure shows that the first viewing point will experie

from the turbine for 5 hours per year.

hours per year. 

Figure AB.1: Diagram of shadow flicker calculation (EWEA, 2004

A, B are viewing points
Note that the equations above assume
rain, clouds, etc.

AB.2 Mitigation Possibilities

Most modern wind turbines allow for real

in order to shut down during high shadow flicker times, if necessary.

programs can allow for pre-planning of siting location ahead of time to know what a project 

specific impact will be in terms of shadow flicker when planning a wind turbine project (as

D TURBINE HEALTH IMPACT STUDY 

For example, consider a location that has a latitude of 43°.  Assume that the day is March

1 (day 60) and the time is 3:00 in the afternoon.  Also assume that the turbine has a tower height 

of 80 m and a radius of 30 m and that the viewing height is 2 m.  The declination is

solar altitude is 24.4°, and the solar azimuth is 50.2° W of S. The maximum extent of the shadow

is 238 m from the turbine. The angle of the shadow is 50.2° E of N. 

Sites are typically characterized by charts such the one illustrated in Figure AB.1

location in Denmark (EWEA, 2004).  The chart gives the number of hours per year of flicker

shadow as a function of direction and distance (measured in units of hub height). In the example

ts are considered.  One of them (A) is directly to the north of turbine at 

a distance of 6 times the hub height.  The other (B) is located to the south east at a distance of 7

times the hub height. The figure shows that the first viewing point will experie

from the turbine for 5 hours per year.  The second point will experience flicker for about 12

Figure AB.1:  Diagram of shadow flicker calculation (EWEA, 2004

A, B are viewing points 
Note that the equations above assume a clear sky and the absence of
rain, clouds, etc. 

Mitigation Possibilities 

Most modern wind turbines allow for real-time control of turbine operati

down during high shadow flicker times, if necessary.  In addition, comp

planning of siting location ahead of time to know what a project

specific impact will be in terms of shadow flicker when planning a wind turbine project (as

has a latitude of 43°. Assume that the day is March 

1 (day 60) and the time is 3:00 in the afternoon. Also assume that the turbine has a tower height 

ight is 2 m. The declination is -8.3°, the 

solar altitude is 24.4°, and the solar azimuth is 50.2° W of S. The maximum extent of the shadow 

the one illustrated in Figure AB.1 for a 

location in Denmark (EWEA, 2004). The chart gives the number of hours per year of flicker 

shadow as a function of direction and distance (measured in units of hub height).  In the example 

ts are considered. One of them (A) is directly to the north of turbine at 

a distance of 6 times the hub height. The other (B) is located to the south east at a distance of 7 

times the hub height. The figure shows that the first viewing point will experience shadow flicker 

The second point will experience flicker for about 12 

Figure AB.1: Diagram of shadow flicker calculation (EWEA, 2004) 

a clear sky and the absence of 

time control of turbine operation by computer 

In addition, computer 

planning of siting location ahead of time to know what a project 

specific impact will be in terms of shadow flicker when planning a wind turbine project (as 
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discussed in the previous paragraph).  This planning can be site-specific in order to avoid 

potential problems with specific sites based on geographical location or weather patterns. 

In terms of safe distances to reduce shadow flicker, these are often project-specific 

because it depends on whether there are residences or roadways present and what the geographic 

layout is.  This could be particularly important in areas with more forestry and existing shadow, 

which could reduce nuisance from turbine produced shadow flicker or whether it is an otherwise 

open land area such as farmland that would be more susceptible to the annoyance of shadow 

flicker.  A general estimate for modeling a shadow flicker risk zone includes 10 times the rotor 

diameter such that a 90-meter diameter would be equivalent to a 900-meter impact area.  

However, only certain portions of this zone are actually likely to experience shadow flicker for a 

significant amount of time.  Other modeling considerations include when at least 20% of the sun 

is covered by the blade and whether to include the blade width in estimates as well.  In terms of 

distance, 2,000 meters is the WindPro computer program default distance (NEWEEP, 2011) for 

calculations of wind turbine produced shadow flicker.  Finally, due to atmospheric effects,  

1400 m is the maximum distance from a turbine within which shadow flicker is likely to be 

significant. 

In terms of existing regulations regarding shadow flicker rates, there are no current 

shadow flicker regulations in Massachusetts (or many other New England states, but there are 

statewide and local guidelines that have been implemented.  These guidelines were provided by 

the Department of Energy Resources in March 2009 and state that, “wind turbines shall be sited 

in a manner that minimizes shadowing or flicker impacts” and, “the applicant has the burden of 

proving that this effect does not have significant adverse impact on neighboring or adjacent 

uses.”  Local Massachusetts regulations include the Worcester, MA zoning ordinance, which 

requires, “The facility owner and operator shall make reasonable efforts to minimize shadow 

flicker to any occupied building on a non-participating landowner’s property.”  Also, a shadow 

flicker assessment report is required as is a plan showing the “area of estimated wind turbine 

shadow flicker.”  Similarly, the Newburyport, MA regulations require that wind turbines do not 

result in significant shadow or flicker impacts and an analysis is required for planned projects 

(NEWEEP, 2011).    

The Maine model wind energy facility ordinance states that wind turbines should, “avoid 

unreasonable adverse shadow flicker effect at any occupied building located on a non-
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participating landowner’s property.”  They do not state any specific limit to shadow flicker other 

than these guidelines.  However, the New Hampshire Model Small Wind Energy Systems 

Ordinance states that wind turbines, “shall be sited in a manner that does not result in significant 

shadow flicker impacts…significant shadow flicker is defined as more than 30 hours per year on 

abutting occupied buildings.”  Similar to Maine, several states in the US have adopted the 

German model of 30 hours per year of allowed shadow flicker that was primarily based on the 

government-sponsored study summarized above.  However, other states or localities including 

Hutchinson, Minnesota have enacted stricter guidelines including no shadow flicker to be 

allowed at an existing residential structure, and up to 30 hours per year of shadow flicker 

allowed on roadways or residentially zoned properties and a computer analysis is required for 

project approval (NEWEEP, 2011).  

In addition, computer programs such as WindPro are also recommended by most states 

and localities for use in all new planned installations to reduce this potential nuisance of shadow 

flicker on residential properties or potential health hazards to drivers on busy highways or 

roadways. 
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Appendix C 

Wind Turbines – Ice Throw 

AC.1 Ice Falling or Thrown from Wind Turbines 

Under certain weather conditions ice may form on the surface of wind turbine blades.  

Normally, wind turbines intended for use in locations where ice may form are designed to shut 

down when there is a significant amount of ice on the blades.  The means to prevent operation 

when ice is present may include ice sensor and vibration sensors.  Ice sensors are used on most 

wind turbines in cold climates.  Vibration sensors are used on nearly all wind turbines.  They 

would cause the turbine to shut down, for example, if ice buildup on the blades resulted in an 

imbalance of the rotor and hence detectable vibrations in the structure.  

Ice built up on blades normally falls off while the turbine is stationary.  If that occurs 

during high winds, the ice could be blown by the wind some distance from the tower.  In 

addition, it is conceivable that ice could be thrown from a moving wind turbine blade under 

some circumstances, although that would most likely occur only during startup (while the 

rotational speed is still relatively low) or as a result of the failure of the control system.  It is 

therefore worth considering what the maximum plausible distance that a piece of ice could land 

from the turbine under two “worst case” circumstances: 1) ice falls from a stopped turbine during 

very high winds, and 2) ice is suddenly released from a blade when the rotor is rotating at its 

normal operating speed. 

In both cases, the distance that the ice may travel is governed by Newton’s laws and the 

principles of fluid mechanics.  Calculations are quite simple when the effect of the air (and the 

wind) is ignored.  For example, in that case if a piece of ice falls from a turbine, it will land 

directly below where it is released.  The situation is a little more complex, but still readily 

solvable if the piece of ice is moving when it is released.  For example, suppose that the ice is 

initially on the tip of a blade, and the blade is pointing vertically upward. Once the ice is released 

it will continue moving horizontally at the speed it had when it was still attached to the blade.  

But it will also begin to fall towards the ground, so the piece of ice will have two components of 

velocity until the ice hits the ground.  The time tg (s) it takes for the ice to reach the ground 

(assuming a horizontal surface) is ghtg /2=  where h = height (m) at which the ice is released 
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and g = acceleration of gravity (9.81 m/s2).  The distance x (m) that the ice would travel is 

Rtx gΩ=  where Ω is the rotational speed of the rotor (rad/s) and R is the length of the blade (m). 

Such an analysis is overly simplified, however.  It would underestimate the distance that 

the ice would travel if it fell from a stationary turbine in a high wind, and it would overestimate 

the distance that the ice would travel if it were suddenly released from a moving blade.  It is 

necessary to consider the effect of the air and the force that it will impart upon the falling ice. For 

motion in the vertical (z) direction the equation of motion is the following: 

zz maF = (30) 

where Fz is the net force (N), m is the mass (kg), and az is the acceleration (m/s2).  The force 

includes two main components.  One is the weight, W (N).  It is due to gravity and acts in the 

negative z direction.  The other one is due to the drag of the air and it acts opposite to the 

direction of the velocity.  It is found from:  

2

2
1

zDD VACF ρ=
(31) 

where ρ is the density of air (1.225 kg/m2 under standard conditions), A is the projected area (m2) 

of the piece of ice, CD is the drag coefficient of the ice and Vz is the velocity of the ice (m/s) in 

the z direction.   

Acceleration is the derivative of the velocity, so we can rewrite the equation of motion 

for the vertical direction as follows: 

( ) mVACVsignW
dt

dV
zDz

z /
2

1 2







 −−= ρ
(32) 

Where sign (…) indicates the direction of motion along the z axis.  For the general case, the 

piece of ice may leave the blade with initial speed ΩR at an arbitrary angle θ with respect to the 

horizontal.  Accordingly, there will be two components of the velocity, one in the z direction (as 

before) Vz, the other in the x direction, Vx.  This assumes that the x axis is horizontal, is also in 

the plane of the rotor, and is positive in the direction of the tip of the blade at its apogee.  
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These velocities are initially: 

( )θsin0, RVz Ω=
(33) 

( )θcos0, RVx Ω=
(34) 

The equation of motion for the x direction is: 

( ) mVACVsign
dt

dV
xDz

x /
2
1 2








−= ρ
(35) 

The above equations are a bit difficult to solve analytically, but they can be solved 

numerically fairly easily.  Similar equations may also be developed for the case of a particle of 

ice falling from a stationary turbine. 

Some data from actual ice throw has been compiled by Seifert et al. (2003).  Figure AC.1, 

taken from that report is shown below. 

Figure AC.1:  Observed throwing distance of ice (from Seifert et al., 2003) 
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As may be seen in the figure, the maximum distance that ice was observed to fall from a 

turbine with a diameter of 20 m during operation was approximately 100 m.  Based on the 

observed data, Seifert et al. suggest the following simplified formula for the maximum throwing 

distance: 

( )HRx throw += 25.1max,  (36) 

Where xmax,throw = maximum throwing distance (m), R = rotor diameter (m) and H = hub height 

(m). 

By way of illustration, Equation 36 was used to predict the maximum throwing distance 

of a piece of ice from a turbine with a rotor radius of 20 m installed on a tower 50 m high.  That 

distance was 135 m.  The theoretical equations given previously were also used to calculate 

throwing distance.  The following assumptions were made: spherically shaped piece of ice, drag 

coefficient of 1.2, air density of 1.225 kg/m3, ice density of 700 kg/m3, rotor speed of 40 rpm 

(corresponding to a tip speed ratio of 7 at a wind speed of 12 m/s), angle of release of 45°, and 

instantaneous release of the ice.  The equations predict a maximum throwing distance of 226 m 

or somewhat less than twice that predicted from the empirical equation.  The difference is 

deemed to be reasonable, especially considering the idealized shape of the particle.  Real pieces 

of ice would actually be highly non-spherical in shape and experience considerably more drag.  It 

may also be noted that it was reported in Cattin et al. (2007) that ice did not fall as far from a 

wind turbine in the Swiss Alps as would be predicted from Equation 36.  In that case the 

maximum observed distance from a turbine with radius of 20 m and a tower height of 50 m was 

92 m.  As noted above, Equation 36 predicts 135 m. 

Seifert et al. also considered data regarding ice thrown from stationary turbines.  Based 

on the available data they proposed a simple equation for predicted ice fall.  That equation is 

( ) 15/max, HRUx fall +=
(37) 

Where U = wind speed at hub height in m/s, xmax,fall = maximum falling distance (m), R = rotor 

radius (m), H = hub height (m). 

Using Equation 37, the predicted maximum distance for a turbine with a radius of 20 m, a 

tower height of 50 m, and a wind speed of 20 m/s is 120 m.  By way of comparison, the fall 

distance was predicted from the theoretical equations given above for the same situation.  The 
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results are highly dependent on the size of the piece of ice and hence the surface to volume ratio. 

To take one example, a piece of ice that was assumed to be spherical and to have a weight of 10 

g would land 110 m from the tower.  In the examples discussed by Seifert et al., all the pieces of 

ice landed less than 100 m from the tower. 

AC.2 Summary of Ice Throw Discussion 

As noted above, there are two plausible scenarios in which ice may fall from a wind 

turbine and may land at some distance from the tower.  In the first scenario, ice that falls from a 

stationary turbine is blown some distance from the tower.  In the second scenario, ice is thrown 

from the blade of an operating turbine during a failure of the control system.  In the first case, ice 

may land 100 m or more from the tower in high winds, depending on the wind speed, the height 

from which the ice falls, and the dimensions of the ice.  In the second case, the ice could land 

even further from the turbine.  Just how far would depend on the actual speed of the rotor when 

the ice was shed, the height of the tower, the length of the blade, the angular position of the blade 

when the ice was released, and the size and shape of the ice.  In general, it appears that ice is 

unlikely to land farther from the turbine than its maximum vertical extent (tower height plus the 

radius.) 
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Appendix D 

Wind Turbine – Noise Introduction 

Noise is defined simply as unwanted sound.  Sound is defined as the sensation produced 

by stimulation of the organs of hearing by vibrations transmitted through the air or other 

medium.  In air, the transmission is due to a repeating cycle of compressed and expanded air.  

The frequency of the sound is the number of times per second, Hertz (Hz), that the cycle repeats. 

Sound at a single frequency is called a tone while sound that is a combination of many 

frequencies is called broadband.  

The human ear is capable of responding over a frequency range from approximately 20 

Hz to 20 kHz (Hz: Hertz = 1 cycle/second; Middle C on a piano is a frequency of 262 Hz).    

AD.1 Sound Pressure Level 

Sound is characterized by both its frequency and its amplitude.  Sound pressure is 

measured in micro Pascals (µPa).  Because sound pressure can vary over a wide range of 

magnitudes a logarithmic scale is used to convert micro Pascals to decibels.  Thus sound pressure 

level (SPL) is defined by SPL = 10 log10 [p
2/p2

ref] = 20 log10(p/pref) with the resulting number 

having the units of decibels (dB).  The reference pressure pref for airborne sound is 20 X 10-6 Pa 

(i.e., 20µPa or 20 micro Pascals).  This means that SPL of 0 dB corresponds to a sound wave 

with amplitude 20µPa.  140 dB is considered the threshold of pain and corresponds to 

20,000,000 µPa.  Doubling the amplitude of the sound wave increases the SPL by 6 dB. 

Therefore, a 40µPa amplitude sound wave would have an SPL of about 6 dB. 

When it is stated that there is a large frequency range over which humans can hear, it is 

also noted that the ear does not hear each frequency similarly.  In fact, there is a frequency-

dependent threshold of hearing (lower limit) and threshold of pain (higher limit).  Experiments 

have been performed to determine these thresholds.  The threshold of hearing curves show that 

one can hear a tone at 3 kHz (3000 Hz) with an SPL < 0 dB while at 100 Hz one does not hear 

the tone until its SPL is about 30 dB.  Curves showing the thresholds can be easily found in 

textbooks and online (one online example is at  

http://www.santafevisions.com/csf/html/lectures/007_hearing_II.htm).  Experiments have also 

been conducted to determine equal loudness level contours.  These contours indicate when two 

tones of dissimilar frequencies appear to be equally loud.   
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Some characteristics of human response to sound include: 

• Changes in sound level <1 dB cannot be perceived

• Doubling the magnitude of the acoustic pressure leads to a 6 dB increase in SPL

• A 5 dB SPL change will result in a noticeable community response

• A 10 dB SPL change is subjectively heard as an approximate doubling in loudness

AD.2 Frequency Bands 

Most sounds in our environment contain multiple frequencies and are variable in that 

successive identical experiments cannot result in the exact same plot or tabulation of pressure vs. 

time.  Therefore, it is common to use averages that measure approximately the amplitude of the 

sound and its frequency content.  Common averaging methods rely on the principle of octaves, 

such as 1/10, 1/3, and single octave bands.  This means that the entire frequency range is broken 

into chunks such that the relation between the starting and ending frequencies of each chunk, f1 

and f2 respectfully, are related by f2 = 21/Nf1 where N = 1 for a single octave band and 3 for a 1/3 

octave band.  Because the bands can be constructed based on any starting frequency, a 

standardized set of bands have been specified.  They are usually described by the center 

frequency of each band.  The standard octave-bands are given in Table AD.1 (measured in Hz):  
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Table AD.1:   

Octave bands.  Values given in Hz. 

Center Frequency Lower Band limit Upper Band Limit 

16 11 22 

31.5 22 44 

63 44 88 

125 88 177 

250 177 355 

500 355 710 

1000 710 1420 

2000 1420 2840 

4000 2840 5680 

8000 5680 11360 

16000 11360 22720 

A similar set of bands can be written for the 1/3 octaves.  For each octave band there are 

3-1/3 octave bands.  Many text and online resources specify the 1/3 octave bands such as 

(http://www.engineeringtoolbox.com/octave-bands-frequency-limits-d_1602.html).  The 1/10 

octave band is a narrow-band filter and is used when the sound contains important tones. 

AD.3 Weightings 

Noise data are often presented as 1/3 octave band measurements.  Again, this means that 

the sound in each frequency band has been averaged over that frequency range.  Noise levels are 

also often reported as weighted values.  The most common weighting is A weighting.  It was 

originally intended to be such that sounds of different frequencies giving the same decibel 

reading with A weighting would be equally loud.  The weighting of the octave band centered at 

31.5 Hz requires one to subtract 39.4 dB from the actual SPL.  The octave bands with centers 

from 1000 to 8000 where human hearing is most sensitive are corrected by only about +/- 1 dB.  

When considered together with the threshold of hearing, it is clear that the A-weighting is most 
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appli cable for sounds of small amplitude.  C-weighting on the other hand subtracts only a few dB 

from the very highest and very lowest frequency bands.  It is therefore more applicable for 

higher levels of sound.  The figure below shows these two weightings.  When weighted, the 

sound pressure level is reported as dBA or dBC respectively. 

Figure AD.1:  Weighting values for reporting sound pressure levels 

. 

Noise levels change several times per day.  To account for these differences other 

environmental noise measures are often used as shown in Table AD1.   
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Table AD 2: 

 A set of visual examples for these measures can be found at 
(http://www.epd.gov.hk/epd/noise_education/web/ENG_EPD_HTML/m2/types_3.html) 

Indicator Meani ng 

Lmax The maximum A-weighted sound level measured 

L10, L50, L90 The A-weighted sound level that is exceeded n%, of the time, where n is 
10, 50, and 90 respectively.  During the measurement period L90 is 
generally taken as the background sound level.   

Leq Equivalent sound level.  The average A-weighted sound pressure level, 
which gives the same total energy as the varying sound level during the 
measurement period of time. 

Ldn Day-night level.  The average A-weighted sound level during a 24-hour 
day after addition of 10 dB to levels measured in the night between 10 
p.m. and 7 a.m. 

AD.4 Sound Power 

Sound intensity and sound power are also often reported.  Sound intensity is a measure of 

the energy transported per unit area and time in a certain direction.  It can be shown that the 

intensity (I) perpendicular to the direction of sound propagation is related to the amplitude of the 

pressure wave squared, the density of the air (ρ), and the speed of sound (c), I ~ p2/ρc.  The 

sound power, P, is the total intensity passing through a surface around a sound source.  Intensity 

has units of Watts per square meter (W/m2) and Power is measured in Watts (W).  Both of these 

quantities are normally reported in dB where the intensity level is calculated as LI = 10 log10 

(|I|/Iref) and the power level is calculated as LW = 10 log10(P/Pref).  The reference intensity level is 

related to the threshold of hearing at 1000 Hz such that Iref = 10-12 W/m2.  The reference power 

value is Pref = 10-12 W (1 picowatt).  Here a doubling of the power leads to a 3 dB increase in the 

sound power level (PWL).   
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AD.5 Example Data Analysis 

This is an example of the type of analysis done on sound measurements from a wind 

turbine.  First, the actual signal might look something like what is shown in Figure AD.2.  

Figure AD.2:  Pressure signal from a wind turbine 

.  (From(van den Berg, 2011), related to Rheine wind turbine farm).  Left in Pascals, right as SPL in dB. 

In Figure AD.2, just the acoustic pressure is shown, which means that atmospheric 

pressure, which is about 103,000 Pa, has been subtracted and the fluctuations then appear around 

0 Pa.  These data can easily be presented as SPL by transforming the pressure from Pa to dB.  In 

order to analyze the pressure signal for low frequency content, a much longer time signal must 

be obtained.  The frequency content of a long time signal is analyzed by performing a Fourier 

Transform.  A typical transform of data from a wind turbine is shown in Figure AD.3.  
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Figure AD.3:  Frequency content of typical wind turbine measurement. (from Palmer ASA paper.)

(This figure does not correspond to the Rhe
frequency domain plot.) 

In order to better assess the broadband nature of wind turbine sound, the results are

presented in 1/3-octave band form. The averages that a

done on fast or slow time intervals. For instance, the data in Figure 3 could be averaged on 1/3

octave bands to come up with the overall SPL in the bands. Or, as a measurement is being taken,

the instrumentation can provide 1/3

data a fast average on 0.05 seconds was recorded. A few of the 1/3
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Figure AD.4: Fast averages for 1/3
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Figure AD.5:  Fast averages for 1/3-octave band A-weighted analysis. 

Shown results for 0–0.05, 5–0.05, 10–10.05, …, 200–200.05 seconds. 

AD.6 Wind Tur bine Noise from Some Turbines 

What is known about aerodynamically generated noise from wind turbines is that it 

nominally increases with increasing wind speed until the max power is obtained, and it increases 

with increasing rotor tip speed.  A report out of the Netherlands by (van den Berg et al., 2008) 

reports a vast amount of noise data related to wind turbines.  The tables in Appendices B and C 

from the report clearly show these trends.  Some of the data are reproduced here.  Only 

measurements that were made by third parties (not specified by the wind turbine company) are 

reproduced here.  
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Table AD.3:   

Sound power level in dB(A) from various wind turbines.  (van den Berg et al., 2008). 

Manufacturer 

Make and 
model 

Power 

kW 

Hub 
Height 

m 

Diameter 

m 

rpm 4 m/s 5m/s 7m/s 8m/s 10m/s 

Enron TW1.5s 1500 80 70 11 100 100 100 100 

Enron TW1.5s 1500 81 70 22 102 102 103 104 

NegMicon 
NM52 

900 70 52 15 93 93 

NegMicon 
NM52 

900 70 52 22 98 100 101 103 

NegMicon 
NM54 

950 46 54 15 95.6 

NegMicon 
NM54 

950 46 54 22 101.6 

Vesta V66 1650 70 66 15 97 97 98 98 

Vesta V66 1650 70 66 19 101 101 102 102 

It must be noted here that what has been reported are the sound power levels, which 

represents the total sound energy that propagates away from the wind turbine (i.e., the sound 

energy at the center of the blades, which propagates outward at the height of the hub).  The 

sound level measured at a single position at the base of the turbine can easily be 50 dB lower 

(Lawrence rep.). 

AD.7 Definition of Infrasound 

Discussion of the aerodynamic source of sound known as thickness noise or self-noise 

requires one to define low frequency sound and infrasound.  By definition, infrasound is a 

pressure wave that is not audible.  Nominally this means waves with frequency less than 20 Hz. 

It is noted though that waves with high enough amplitude below 20 Hz may still be audible.  

Low frequency sound is characterized as having a frequency between 20 and 200 Hz.  As 

mentioned earlier, some mechanical noise sources contribute to the low frequency range, and 

clearly some of the aerodynamic sources of broadband sound will contribute to noise in the low 

frequency range.  Thickness noise, if present, would have an associated frequency equal to the 
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blade passing frequency.  Hence, a turbine with 3-bladed rotor turning at 20 rpm might generate 

thickness noise at a frequency of 1 Hz, which is clearly in the infrasonic range.  Downwind 

rotors produce slightly stronger infrasound at the blade passing frequency because the blades 

interact directly with the wake behind the tower.  The levels of the thickness noise generated by 

modern upwind turbines are not perceptible by the human auditory system.  Any impulsive noise 

that is audible, which seems to have a frequency equivalent to the blade passing frequency, is 

actually the broadband noise generated by the other mechanisms being modified by differences 

in the flow that occur on a once-per-rev basis as discussed above.  The frequencies of this 

pulsating sound are all in the audible range, and thus this sound is not infrasound.   
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Appendix E 

Wind Turbine – Sound Power Level Estimates and Noise Propagation 

AE.1 Approximate Wind Turbine Sound Power Level Prediction Models 

The following are some approximate equations that are sometimes used to estimate the 

A-weighted sound power level, LWA, from a typical wind turbine.  The first equation gives the 

estimate in terms of the rated power of the turbine, PWT (W).  The second gives the estimate in 

terms of the diameter, D (m).  The third gives it in terms of both the tip speed, VTip (m/s), and 

diameter.  These equations should only be used when test data is not available. 

50)log(10 10 += WTWA PL
(38)

72)log(22 10 += DLWA (39)

4)(log10)log(50 1010 −+= DVL TipWA (40)

AE.2 Sound Power Levels due to Multiple Wind Turbines 

When multiple wind turbines are located close to each other, the total sound power can be 

estimated by applying logarithmic relations.  For example, for two turbines with sound power 

levels L W 1 and LW2, the total sound power is: 

)(L /L/L
total

1010
10

21 1010log10 +=
(41)

For N turbines, the corresponding relation is: 

∑
=

=
N

i

/L
total

iL
1

10
10 10log10

(42) 

where Lwi is the sound power level of the i th turbine.  For turbines that are some distance away 

from each other the mathematics is more complicated, and the relations of interest (actually the 

sound pressure level) take into account the relative position of the turbines and the location of the 

observer as described below. 
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AE.3 Noise Propagation from Wind Turbines 

The sound pressure level will decrease with distance from a turbine.  For estimation 

purposes, a simple model based on hemispherical noise propagation over a reflective surface, 

including air absorption, is given as: 

R)πR(LL Wp α−−= 2
10 2log10

(43)

where Lp is the sound pressure level (dB) a distance R from a noise source radiating at a power 

level LW (dB) and α is the frequency-dependent sound absorption coefficient.  For broadband 

estimates the absorption coefficient is often approximated by a constant value of 0.005 dB(A)/m. 

Figure AE.1 (from Materialien 63) indicates the sound pressure level as a function of 

distance from a single wind turbine with a sound power level of 103 dB(A). 

Figure AE.1:  Typical sound pressure level vs. distance from a single wind turbine (From Materialien 63) 
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The results are summarized in Table AE-1. 

Table AE-1 

Sound pressure level vs. distance 

Sound Pressure, dB(A) Distance, m 
45 280 
40 410 
35 620 

It may be seen that Equation 43, using the broadband absorption coefficient, predicts 

results close to those in the table (270 m, 435 m, and 675 m respectively). 

AE.4 Noise Propagation from Multiple Wind Turbines 

The sound perceived at a distance from multiple wind turbines is a function of the sound 

power level from each wind turbine and the distance to that turbine.  The perceived value can be 

approximated by the following equation:  

( )












= ∑

=

−N

i i

RL

p R
L

iiW

1
2

10/10/

10 2

10
log10

,

π

α

(44) 

Where Ri is the distance to the ith turbine. 

Figure AE-2 illustrates the sound pressure level at various distances and directions from a 

line of seven wind turbines, each of which is operating at a sound power level of 103 dB(A). 
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Figure AE.2:  Sound pressure level due to a line of seven wind turbines, each operating at a sound 
power level of 103 dB(A) (from Materialien 63 
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The results are summarized in the Table AE-2. 

Table AE 2:   

The distances shown are in the direction perpendicular to the line of the turbines 

Sound Pressure, dB(A) Distance 

45 440 
40 740 
35 1100 

. 
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Appendix F 

Wind Turbine – Stall vs. Pitch Control Noise Issues 

As noted in Appendix A, pitch regulated turbines are quieter than those with stall control. 

This is particularly the case at higher wind speeds.  This appendix illustrates the difference, 

based on one source. 

AF.1 Typical Noise from Pitch Regulated Wind Turbine  

The figure below illustrates sound pressure level as a function of wind speed from a pitch 

regulated wind turbine (The data was taken at an unspecified distance from the turbine).   

As can be seen, the noise level increases with wind speed up to a certain wind speed, here 

9 m/s.  After that wind speed is reached the blade pitch regulates the power and the noise level 

remains constant. 

Figure AF.1:  Sound pressure vs. wind speed from a pitch regulated wind turbine 

(from Materialien 63) 

y-axis: sound pressure level, dB(A) 

x- axis measured wind speed at 10 m height, m/s 

lower line: wind-induced background noise 
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AF.2 Noise from a Stall Regulated Wind Turbine 

The figure below illustrates sound pressure level as a function of wind speed from a stall 

controlled wind turbine (The data was taken at an unspecified distance from the turbine). 

 Figure AF.2:  from Materialien 63 

y-axis: sound pressure level, dB(A) 

x- axis measured wind speed at 10 m height, m/s 

The rated wind speed of this turbine is 10.4 m/s 

As can be seen, the noise level increases approximately linearly with wind speed and 

does not level off. 
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Appendix G 

Summary of Lab Animal Infrasound and Low Frequency Noise (IFLN) Studies 

Table AG.1 

Summary of Lab Animal Infrasound and Low Frequency Noise (IFLN) Studies 
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-------�SOUTH DAKOTAHEAIJH 

DEPAATh1ENTOF 

600 East Capitol Avenue I Pierre, SD 57501 f'605.773 3361 iG0S.773.5683 

October 13, 2017 

Public Utilities Commission Staff 
SD Public Utilities Commission 
Capitol Building, 1st floor 
500 East Capitol Avenue 
Pierre, SD 57501-5070 

Office of tile Secretary 

RECEIVED

OCT 1 3 2017
.JOUTH DAf<OTA PUBLIC
UTILITIES COMMISSION

Re: PUC Docket EL 17-028 - In the Matter of the Application by Crocker Wind Farm, LLC for a 
Permit of a Wind Energy Facility and a 345 kV Transmission Line in Clark �aunty, South 
Dakota, for Crocker Wind Farm 

Dear PUC Staff: 

The South Dakota Department of Health has been requested to comment on the potential 
health impacts associated with wind facilities. Based on the studies we have reviewed to date, 
the South Dakota Department of Health has not taken a formal position on the issue of wind 
turbines and human health. A number of state public health agencies have studied the issue, 
including the Massachusetts Department of Public Health 1 and the Minnesota Department of 
Health2

• These studies generally conclude that there is insufficient evidence to establish a 
significant risk to human health.· Annoyance and quality of life are the most common complaints 
associated with wind turbines, and the studies indicate that those issues may be minimized by 
incorporating best practices into the planning guidelines. 

Sincerely, 

Kim Malsam-Rysdon 
Secretary of Health 

1 http:/ /www.mass.gov/eea/docs/dep/energy/wind/turbine-impact-study. pdf 

2 www. health .state. mn.us/divs/eh/hazardous/topics/windturbines.pdf 
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I. INTRODUCTION  1 

 2 

Q. Please state your name. 3 

A. My name is Dr. Mark Roberts. 4 

 5 

Q. Did you provide Supplemental Direct Testimony in this Docket? 6 

A. Yes.  I submitted Supplemental Direct Testimony in this docket on August 10, 2018. 7 

 8 

Q. What is the purpose of your Rebuttal Testimony? 9 

A. The purpose of my Rebuttal Testimony is to respond to the testimony of Professor 10 

Mariana Alves-Pereira, Jerry Punch, Ph.D., and Richard James, each of whom 11 

submitted testimony on behalf of Intervenors in this docket. 12 

 13 

Q. Are there any exhibits attached to your Rebuttal Testimony? 14 

A. The following exhibits are attached to my Rebuttal Testimony: 15 

• Exhibit 1: Ministry for the Environment, Climate and Energy of the Federal 16 

State of Baden-Wuerttemberg, Germany (2016). Low-frequency Noise Incl. 17 

Infrasound from Wind Turbines and Other Sources. LUBW Landesanstalt fur 18 

Umwelt, Messungen and Naturschutz Baden-Wuerttemberg. 19 

• Exhibit 2: Akira Shimada and Mimi Nameki (2017). Evaluation of Wind 20 

Turbine Noise in Japan. Ministry of the Environment of Japan. 21 

• Exhibit 3: Danish Energy Agency (2009). Wind Turbines in Denmark. 22 

• Exhibit 4: Frits van den Berg, Public Health Service Amsterdam, and Irene 23 

van Kamp, National Institute for Public Health and the Environment (2017). 24 

Health effects related to wind turbine sound. Swiss Federal Office for the 25 

Environment. 26 

• Exhibit 5: Stephen Chiles (2010). A new wind farm noise standard for New 27 

Zealand, NZS 6808:2010. Proceedings of 20th International Congress on 28 

Acoustics, ICA 2010. 29 
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• Exhibit 6: Eja Pedersen, Högskolan i Halmstad (2003). Noise Annoyance 116 30 

from Wind Turbines: A Review. Swedish Environmental Protection Agency. 31 

• Exhibit 7: Hitomi Kimura, Yoshinori Momose, Hiroya Deguchi, and Nameki, 32 

Mimi (2016). Investigation, Prediction, and Evaluation of Wind Turbine Noise 33 

in Japan. Ministry of the Environment of Japan. 34 

• Exhibit 8: C. Yan, K. Fu and W. Xu. On Cuba, diplomats, ultrasound, and 35 

intermodulation distortion. University of Michigan Tech Report. March 1, 36 

2018. 37 

• Exhibit 9: Crichton, F., et al. (2014). The link between health complaints and 38 

wind turbines: Support for the nocebo expectations hypothesis.  Frontiers in 39 

Public Health 2:220. 40 

• Exhibit 10: Enck, P., et al. “New Insights Into the Placebo and Nocebo 41 

Responses,” Neuron (July 31, 2008): Vol. 59, No. 2, pp. 195–206. 42 

• Exhibit 11: Colloca, L. (2017). Nocebo effects can make you feel pain: 43 

Negative expectancies derived from features of commercial drugs elicit 44 

nocebo effects. Science, 358(6359): 44. 45 

 46 

II. RESPONSE TO TESTIMONY OF PROFESSOR MARIANA ALVES-PEREIRA 47 

 48 

A. Overview. 49 

 50 

Q. Have you reviewed the Prefiled Testimony of Prof. Mariana Alves-Pereira, 51 

submitted on behalf of Intervenors in this proceeding? 52 

A. Yes.  I reviewed Prof. Alves-Pereira’s testimony, as well as the exhibits attached to 53 

her testimony. 54 

 55 
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Q. Please summarize your response to Prof. Alves-Pereira’s testimony. 56 

A. As I discussed in my Supplemental Direct Testimony, I am aware of Prof. Alves-57 

Pereira’s assertions regarding vibroacoustic disease.  A majority of the work 58 

involving vibroacoustic disease has originated from Dr. Castelo Bronca’s research 59 

group in Portugal, of which Prof. Alves-Pereira is a member. A majority of the 60 

research group’s efforts have focused on low frequency sound at high levels (e.g., 61 

120 decibels and above, well above the sound levels of wind turbines).  Their work 62 

has not been replicated by other research groups to the point where vibroacoustic 63 

disease has been accepted as a medical diagnosis.  As I discussed previously, 64 

based on my work and review of reliable scientific literature, I am not aware of any 65 

link between wind turbines and what Prof. Alves-Pereira describes as vibroacoustic 66 

disease.  67 

 68 

B. Scientific Method. 69 

 70 

Q. Professor Alves-Pereira references the scientific method and evidence-based 71 

medicine in her testimony.  (Alves-Pereira Direct, lines 63-66.)  Please describe 72 

these concepts. 73 

A. I previously discussed the scientific method in detail in my Supplemental Direct 74 

Testimony. To summarize, during a clinical encounter between a patient and a 75 

physician, medical information is collected and analyzed.  First, the physician will 76 

note the patient’s report of symptoms and concerns.  That consists of what the 77 

patient says he or she is experiencing.  This may include the patient’s attribution of 78 

their symptoms (headache, dizziness, upset stomach, etc.) to some event or activity.  79 

This is often referred to as the “subjective” information and refers to what the patient 80 

reports.  Next, the physician attempts to obtain information that will verify or clarify 81 

the patient’s reported symptoms or concern (objective information).  This verification 82 

consists of probing questions to clarify the information and includes assessment of 83 

past medical history (previous injury or illness), collection of information during the 84 

physical examination, and testing (laboratory and or imaging). Next, the physician 85 

assesses the subjective information and the objective evidence and compares this 86 

 
014767



 

4 

information with the physician’s clinical experience, training, and other medical 87 

knowledge to arrive at a diagnosis and a plan for treatment.  In common conditions 88 

(flu, high blood pressure, gastrointestinal conditions, etc.), the physician will usually 89 

have sufficient experience to make the diagnosis without going into the published 90 

literature.  In other cases, the physician may need to gather additional information or 91 

refer the patient on to a specialist.   92 

 93 

For an example of this process: Patient comes to the doctor with severe headache 94 

and is concerned that he might have a brain tumor.  The doctor does not 95 

immediately schedule the patient for brain surgery but instead evaluates the patient 96 

in an orderly process that rules in or rules out the presence of a brain tumor.  The 97 

physician evaluates what the patient reports, the outcome of the physical 98 

examination and tests or imaging, then assesses this information, makes a 99 

diagnosis, and develops a treatment plan. 100 

 101 

Q. Prof. Alves-Pereira asserts that “[w]hen it comes to studying the health effects 102 

of ILFN exposure, however, these fundamental axioms of the Scientific Method 103 

and Evidence-based Medicine are somehow forgotten, or deemed not 104 

applicable.” (Alves-Pereira Direct, lines 68-70.)  What is your response? 105 

A. I do not agree.  The publications attached to my Supplemental Direct Testimony and 106 

this Rebuttal Testimony utilize the scientific method.    Despite Prof. Alves-Pereira’s 107 

assertions otherwise, it is not sufficient to take the patient’s reported health concerns 108 

and immediately draw a conclusion regarding causation without including an 109 

evaluation of objective evidence and appropriate peer-reviewed, published literature.  110 

The key point is to look at the “evidence” – that is, objective findings from a clinical 111 

evaluation conducted by a physician that bases opinions based on data that has 112 

passed review.   113 

 114 

Q. Prof. Alves-Pereira states that “[a]nnoyance is not an objective parameter and 115 

hence, in accordance with the axioms of Evidence-based Medicine, cannot be 116 
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used to ascertain de facto health effects.” (Alves-Pereira Direct, lines 77-78.)  117 

What is your response?  118 

A. I agree.  This statement is consistent with my prior testimony and the fact that 119 

“annoyance” is the most commonly recognized “effect” in the applicable peer-120 

reviewed published literature and the reviews by scientific committees that I have 121 

previously identified.  Annoyance in and of itself is not a health effect but instead is a 122 

normal physiological response to one’s surroundings.  As I have testified many times 123 

before, one person’s music can be perceived as an annoying noise by another 124 

person.  It is the perception of the noise that often makes it annoying - not the noise 125 

itself. I note, however, that Prof. Alves-Pereira’s statement here seems inconsistent 126 

with the remainder of her testimony. She appears to transform complaints of 127 

annoyance into objective health issues solely because the complaints were 128 

described to a doctor.  129 

 130 

Q. Prof. Alves-Pereira states that, “[i]n accordance with the axioms of Evidence-131 

based Medicine and, even more fundamentally, the Scientific Method, 132 

psychosomatic illnesses must also be clinically corroborated; their proposed 133 

existence based on mere assertions is not scientifically valid.”  (Alves-Pereira 134 

Direct, lines 83-86.)  What is your response? 135 

A. Again, I agree.  This statement is entirely consistent with my testimony and well-136 

accepted peer-reviewed literature.  However, it is not consistent with the remainder 137 

of Prof. Alves-Pereira’s testimony, where she indicates that a person’s report of 138 

illness is sufficient for there to be the documented occurrence of a health issue 139 

related to wind turbines. 140 

 141 

Q. Prof. Alves-Pereira discusses the scientific validity of self-reported health 142 

complaints in lines 134-50 of her testimony.  Do you have a response? 143 

A. Yes.  Prof. Alves-Pereira’s discussion is not consistent with the normal clinical 144 

process I have previously described in this testimony.  Self-reported health 145 

complaints are certainly part of the clinical process, but they do not become 146 

scientifically valid simply because they are reported to a physician.  Rather, as I 147 
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discussed previously, a patient’s self-reported health complaints are subjective 148 

information – they are one part of the clinical evaluation process, but a patient’s 149 

recitation of a series of subjective symptoms to a physician does not make those 150 

symptoms objective evidence.  Prof. Alves-Pereira uses the term anamnesis to 151 

bolster her argument.  Although a medical  term, the term anamnesis simply refers 152 

to the patient history as described by the patient.  It does not confer special 153 

verification.  Again, in the normal clinical process, the physician takes what the 154 

patient reports, what is identified from the physical examination along with any 155 

laboratory testing or imaging results, and compares this information to his or her 156 

clinical experience, training, and current medical information to make a diagnosis, if 157 

possible, and set out a treatment plan, or refers the patient on to a specialist for 158 

further assessment.  159 

 160 

C. Infrasound and Wind Turbines. 161 

 162 

Q. Prof. Alves-Pereira discusses infrasound and low-frequency noise, or “IFLN.”  163 

What is infrasound? 164 

A. As I described in my Supplemental Direct Testimony, infrasound is sometimes 165 

referred to as “low frequency” sound and is sound that is between 0 hertz (“Hz”) and 166 

20 Hz.  A level of 20 Hz is commonly considered to be the low end of the range of 167 

human hearing.  It is very important to specify the sound because the human ear 168 

responds differently to different frequencies. 169 

 170 

Q. What are sources of infrasound? 171 

A. As I noted in my Supplemental Direct Testimony, human organs produce infrasound.  172 

For example, heart sounds are in the range of 27 to 35 dBA at 20-40 Hz, and lung 173 

sounds are reported in the range of 5-35 dBA at 150-600 Hz; these sources are in 174 

the range of sound produced by wind turbines.  In addition, infrasound comes from 175 

numerous natural and man-made sources.  With respect to natural sources, waves, 176 

thunder, and waterfalls are natural sources of infrasound.  With respect to man-177 
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made sources, common household objects such as washing machines, fans and 178 

heating and refrigeration systems are also sources of infrasound.   179 

 180 

Q. Professor Alves-Pereira discusses infrasound, particularly that from wind 181 

turbines, and its potential impacts on human health.  Are you aware of any 182 

recent studies on this topic? 183 

A. Yes.  Researchers in the United States (Massachusetts) (2012) (Roberts 184 

Supplemental Direct Testimony, Exhibit 7), Germany (2016) (Exhibit 1), Japan 185 

(2017) (Exhibit 2), France (2017) (Roberts Supplemental Direct Testimony, Exhibit 186 

3), Denmark (2009) (Exhibit 3), Switzerland (2017) (Exhibit 4), New Zealand (2010) 187 

(Exhibit 5), Sweden (2003) (Exhibit 6), and Australia (2015) (Roberts Supplemental 188 

Direct Testimony, Exhibit 2c) have reviewed the literature regarding infrasound from 189 

wind turbines.  Each study, using recognized scientific methods, concluded that 190 

infrasound levels are multiple orders of magnitude below the threshold of human 191 

hearing.  For example, the 2016 German study concluded that “[t]he infrasound 192 

levels generated by [wind turbines] lie clearly below the limits of human perception.  193 

There is no scientifically proven evidence of adverse effects in this level range.”  194 

(Exhibit 1, at 12.)  Similarly, the Ministry of the Environment of Japan’s 2016 study 195 

Investigation, Prediction, and Evaluation of Wind Turbine Noise in Japan states that, 196 

“Super-low (below 20 Hz) frequency range components of wind turbine noise are at 197 

imperceptible levels. Therefore, wind turbine noise is not an issue caused by super-198 

low frequency range.”  (Exhibit 7, at 5760.)  These are just a few of the reports of 199 

expert panels at state, national, and international levels that have not found a 200 

specific health condition associated with wind turbines. 201 

 202 

An independent review of the literature relative to wind turbines and health was 203 

commissioned by the National Health and Medical Research Council (“NHMRC”) 204 

with the goal of determining whether there was an association between exposure to 205 

wind farms and human health effects.  The document is approximately 300 pages 206 

and covers peer-reviewed, published literature, government reports, and some lay 207 

publications.  The overall conclusions of this extensive review were:  208 
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“[t]here is no consistent evidence that noise from wind 209 
turbines―whether estimated in models or using distance as 210 
a proxy―is associated with self-reported human health 211 
effects. Isolated associations may be due to confounding, 212 
bias or chance.” (Roberts Supplemental Direct Testimony, 213 
Exhibit 2c.) 214 
 215 

Most recently, the March 2017 French National Agency for Food Safety, 216 

Environment and Labor (“ANSES”) carried out measurement campaigns near three 217 

wind farms. A summary of this study is included as Exhibit 3 of my Supplemental 218 

Direct Testimony (the original study is in French).  The summary notes that the study 219 

concluded:   220 

• “the results of these campaigns confirm that wind turbines are sources of 221 

infrasound and low sound frequencies, but no exceedance of the audibility 222 

thresholds in the areas of infrasound and low frequencies up to 50 Hz has 223 

been found”;1 and   224 

• “all the experimental and epidemiological data available today do not show 225 

any health effects related to exposure to noise from wind turbines, other than 226 

noise-related annoyance.”   227 

(Roberts Supplemental Direct Testimony, Exhibit 3.) 228 

 229 

Q. Do you agree with the ANSES conclusions?  230 

A. Yes.  They are consistent with the peer-reviewed literature on wind turbine noise. 231 

 232 

Q. In response to the question, “[w]hy are some people affected and others not 233 

within the same household” regarding infrasound, Prof. Alves-Pereira 234 

                                            
1 French Agency for Food, Environmental and Occupational Health & Safety, Exposure to low-frequency 
sound and infrasounds from wind farms: improving information for local residents and monitoring noise 
exposure (Mar. 30, 2017), https://www.anses.fr/en/content/exposure-low-frequency-sound-and-
infrasounds-wind-farms-improving-information-local; see also Roberts Supplemental Direct Testimony, 
Exhibit 3. 
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discusses “two exposure-linked factors.”  (Alves-Pereira Direct, lines 180-88.) 235 

Do you have a response? 236 

A. Yes.  First, without evidence, Prof. Alves-Pereira asserts that individuals are 237 

negatively affected by infrasound.  Second, Prof. Alves-Pereira makes the assertion 238 

that two “exposure-linked factors” “profoundly condition the onset of symptoms 239 

among families living in ILFN-contaminated homes.”  She identifies these factors as 240 

“prior ILFN exposure histories” and “residential time exposure patterns.”  Although 241 

these phrases may sound official and technical, they are not.  Prof. Alves-Pereira 242 

provides no scientific support for her assertions, and I am not aware of any.  We are 243 

all exposed to all sorts of sounds all the time.  None of the reviews by governmental 244 

organizations and other groups of scientists impaneled to review the material relative 245 

to wind turbine sound and health effects have referenced the process of “exposure-246 

linked processes” that Prof. Alves-Pereira has used.   247 

 248 

Q. In response to the same question, Prof. Alves-Pereira then discusses 249 

“individual susceptibility factors.”  (Alves-Pereira Direct, line 189.)  Do you 250 

agree? 251 

A. No.  As with her assertions regarding “exposure-linked factors,” Prof. Alves-Pereira 252 

provides no scientific support for her statements, and I am not aware of any. 253 

 254 

Q. Prof. Alves-Pereira states that she and her group are collecting data regarding 255 

wind turbines, including “conducting extensive interviews among the 256 

complaining populations.”  (Alves-Pereira Direct, line 214.)  What are your 257 

thoughts on these statements? 258 

A. Prof. Alves-Pereira’s statements demonstrate the serious flaws of her described 259 

“study.”  It is hard to evaluate the study without reading it, but Prof. Alves-Pereira’s 260 

reliance on “complaining populations” without comparison to noise exposure 261 

measurements and her evaluation of common everyday health issues has been 262 

repeated by many researchers opposed to wind energy, starting with Prof. Nina 263 

Pierpont.  This method of research is fraught with bias that cannot be overcome. 264 

Prof. Alves-Pereira appears to have already concluded that her research is going to 265 
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find adverse health impacts from wind turbines.  As such, she is only conducting 266 

interviews with complaining persons.  However, the research she describes collects, 267 

at best, anecdotal information.  As I have stated time and again, interviewing 268 

complaining populations is not an epidemiological study and does not follow the 269 

scientific method that must be followed to move from an observation, to correlation, 270 

and ultimately to causal proof. 271 

 272 

Q. Prof. Alves-Pereira asserts that “[s]afe distances have not yet been 273 

established for the IFLN generated by wind turbines.”  Do you agree with this 274 

conclusion? 275 

A. No.  Again, Prof. Alves-Pereira implies that there are adverse health effects from 276 

wind turbines, but she fails to back up these claims with scientific data.  Put simply, 277 

adverse health effects have not been linked to infrasound generally or to infrasound 278 

generated by wind turbines, more specifically. 279 

 280 

D. Prof. Alves-Pereira’s Statements Regarding My Supplemental Direct 281 

Testimony. 282 

 283 

Q. Prof. Alves-Pereira asserts that your testimony treats wind turbines, rather 284 

than infrasound, as “agents of disease.”  Do you agree? 285 

A. No.  Prof. Alves-Pereira misunderstands my testimony and my opinions.  What I 286 

have clearly stated is that the peer-reviewed, published literature and the results of 287 

numerous reviews of that literature do not indicate that infrasound at the levels 288 

generated by a wind turbine is an “agent of disease.”  I certainly have not confused 289 

these concepts, as Prof. Alves-Pereira appears to believe.   However, the literature 290 

also clearly identifies the presence of wind turbines as a point of annoyance for 291 

some individuals. 292 

 293 

Q. Prof. Alves-Pereira asserts that “studies comparing people who live near wind 294 

turbines with those who do not” are not scientifically valid.  (Alves-Pereira 295 

Direct, lines 314-15.)  Do you agree? 296 
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A. No, not at all.  The cornerstone of an epidemiological study – and the scientific 297 

method – is the fact that there is a comparison group.  It is critical to have a 298 

comparison group to determine whether there is an increase in health factors – 299 

subjective or objective.  This is especially important with respect to issues like wind 300 

turbine effects, where there are subjective complaints with the overlay of annoyance. 301 

 302 

Q. Professor Alves-Pereira asserts that “receiving 10 chest x-rays per day for a 303 

year, might indeed begin to pose a problem in terms of health effects.  It is the 304 

same with IFLN.”  (Alves-Pereira Direct, lines 363-64.)  Do you agree? 305 

A. This is not a valid comparison. There is a significant body of reliable, published, 306 

peer-reviewed literature regarding the adverse effects of x-rays, starting with 307 

Madame Curie. By contrast, there is no evidence that the sound levels generated by 308 

wind turbines cause specific health effects, let alone any health effects separate and 309 

distinct from the infrasound we are exposed to in our environment 24 hours a day.  310 

 311 

E. Discussion of Certain Exhibits to Professor Alves-Pereira’s 312 

Testimony. 313 

 314 

Q. Prof. Alves-Pereira attaches a document titled Neurological Manifestations 315 

Among US Government Personnel Reporting Directional Audible and Sensory 316 

Phenomena in Havana, Cuba as Exhibit 3 to her testimony (“Havana Paper”).  317 

Are you familiar with the Havana Paper? 318 

A. Yes.  The “Havana Paper” is a brief description of health investigations of U.S. 319 

government personnel serving on diplomatic assignment in Havana, Cuba, that they 320 

experienced “neurological symptoms” thought to be associated with exposure to 321 

auditory and sensory phenomena in 2016 and 2017. 322 

 323 

Q. In your opinion, does the Havana Paper provide the Commission with helpful 324 

information related to this Project? 325 

A. No.  Prof. Alves-Pereira asserts that the symptoms reported by the Cuban diplomats 326 

“are very similar to those made by families living in ILFN-contaminated homes.”   327 
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This assertion is not well-founded.  Diplomatic staff complained of a high-pitched 328 

noise.  Researchers at the University of Michigan analyzed audio records provided 329 

by the United States Department of State.  The researchers’ analysis indicated that 330 

the sound recording in the Cuba Embassy was a mixture of high frequency sound 331 

(ultrasound) in the thousands of Hz range.  The sound identified as potentially 332 

affecting Cuban diplomats was thousands of times higher than the frequencies 333 

generated by wind turbines.  (Yan, et al. 2018, Exhibit 8.)  Prof. Alves-Pereira’s 334 

comparison of the Cuban Embassy investigation is misguided and inapt.   335 

 336 

Q. Prof. Alves-Pereira attaches a document titled Occupational and Residential 337 

Exposures to Infrasound and Low Frequency Noise in Aerospace 338 

Professionals: Flawed Assumptions, Inappropriate Quantification of Acoustic 339 

Environments, and the Inability to Determine Dose-Response Values as 340 

Exhibit 4 to her testimony (“Aerospace Paper”).  Are you familiar with the 341 

Aerospace Paper? 342 

A. Yes.  The Aerospace Paper is co-authored by Prof. Alves-Pereira and asserts, as 343 

Prof. Alves-Pereira does in her testimony, that the dBA metric is not adequate to 344 

protect against excessive infrasound exposure.  345 

 346 

Q. In your opinion, does the Aerospace Paper provide the Commission with 347 

helpful information related to this Project? 348 

A. No.  This paper focuses on the noise levels associated with the aerospace industry, 349 

which are orders of magnitude greater that the noise levels measured at wind farms.  350 

The graphs shown in that paper are illustrating levels of 70+ decibels.  In addition, 351 

under the disclaimer on page 96 of the paper, the authors state that they “[a]re not 352 

producing an environmental noise assessment report focused on wind turbines.” 353 

 354 
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Q. Prof. Alves-Pereira attaches a document titled Infrasound and Low Frequency 355 

Noise: Shall we Measure it Properly? as Exhibit 5 to her testimony (“ILFN 356 

Paper”).  Are you familiar with the ILFN Paper? 357 

A. Yes.  As Prof. Alves-Pereira notes, it is a “more informal paper” that described her 358 

fieldwork in Ireland.  359 

 360 

Q. In your opinion, does the ILFN Paper provide the Commission with helpful 361 

information related to this Project? 362 

A. No.  The paper lacks significant information needed to assess it.  First, the testing 363 

does not report background levels of low frequency sound in the homes.  Secondly, 364 

there is no indication of the type of wind turbine or power output that could give the 365 

reader an indication of the contribution of these factors.  The report uses a set of 366 

observations that are not adequately described to bolster Prof. Alves-Pereira’s 367 

claims regarding low frequency noise measurements.  In addition, the report does 368 

not appear to have been published, which would have subjected it to peer review. 369 

 370 

Q. Prof. Alves-Pereira attaches a document titled An Evaluation of 371 

Environmental, Biological, and Health Data from the Island of Vieques, Puerto 372 

Rico as Exhibit 6 to her testimony (“Vieques Paper”).  Are you familiar with the 373 

Vieques Paper? 374 

A. Yes.   375 

 376 

Q. In your opinion, does the Vieques Paper provide the Commission with helpful 377 

information related to this Project? 378 

A. No.  The Vieques Paper highlights how the investigation of public health events can 379 

be performed but sheds no light on the questions regarding wind turbines and 380 

health.  It does, however, highlight the fact that the claim made by the Portuguese 381 

reseach group that there was a high level of vibroacoustic disease among Vieques 382 

fisherman was not confirmed by an independent review panel.  Rather, the 383 

independent review panel determined, after conducting blind-coding and repetition of 384 
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that analysis by Mayo Clinic, that there was no evidence to indicate clinically 385 

significant heart disease. (Alves-Pereira Direct, Exhibit 6 at A-52.) 386 

 387 

Q. Prof. Alves-Pereira attaches a document titled Vibroacoustic Disease: 388 

Biological effects of infrasound and low-frequency noise explained by 389 

mechanotransduction cellular signalling as Exhibit 7 to her testimony (“2006 390 

VAD Paper”).  Are you familiar with the 2006 VAD Paper? 391 

A. Yes.  392 

 393 

Q. In your opinion, does the 2006 VAD Paper provide the Commission with 394 

helpful information related to this Project? 395 

A. No.  As noted by the researchers in the 2006 VAD Paper, there has been “much 396 

controversy and acrimonious debate over whether or not acoustical phenomena can 397 

cause extra-auditory effects on living organisms.”  In addition, it is not evident from a 398 

review of the published literature that the findings, referred to as vibroacoustic 399 

disease or “VAD” by these researchers, has been confirmed by others or generally 400 

accepted by medical or acoustical professions.  There are no epidemiologically-401 

sound studies that have found what these researchers refer to as vibroacoustic 402 

disease associated with wind turbines.  The fact that there is not widespread 403 

acceptance is evidenced by the fact that the International Classification of Disease 404 

10th Edition (“ICD-10”) does not list vibroacoustic disease.  The ICD-10 is the tenth 405 

revision of the codes for recognized diseases, health complaints, and causes for 406 

disease and injury listed by the World Health Organization and is used by the 407 

National Center for Health Statistics to code and classify illness and deaths in the 408 

United States.  The ICD-10 classification lists over 14,000 major diseases and 409 

injuries but can be expanded to 70,000 codes when the major categories are 410 

expanded.   411 

 412 
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Q. Prof. Alves-Pereira attaches a document titled Vibroacoustic Disease I: The 413 

Personal Experience of a Motorman as Exhibit 8 to her testimony (“Motorman 414 

Paper”).  Are you familiar with the Motorman Article? 415 

A. Yes.  This is a layperson’s account of a presumed occupational exposure to low-416 

frequency sound. 417 

 418 

Q. In your opinion, does the Motorman Article provide the Commission with 419 

helpful information related to this Project? 420 

A. No.  The Motorman Article is a layperson’s opinion and has no scientific data to 421 

contribute to a discussion about wind turbines. 422 

 423 

Q. Prof. Alves-Pereira attaches a document titled Vibroacoustic Disease and 424 

Respiratory Pathology III – Tracheal and Bronchial Lesions as Exhibit 9 to her 425 

testimony (“VAD Respiratory Paper”).  Are you familiar with the VAD 426 

Respiratory Paper? 427 

A. Yes.  This is a case series published by Prof. Alves-Pereira’s research group. It is a 428 

report of the results of biopsies of the respiratory tract of four individuals (two of 429 

whom were smokers), three of whom were employed in occupations involving 430 

aviation, and all of whom had been diagnosed with what Prof. Alves-Pereira terms 431 

vibroacoustic disease.  As pointed out earlier, case series are not epidemiological 432 

studies. 433 

 434 

Q. In your opinion, does the VAD Respiratory Paper provide the Commission with 435 

helpful information related to this Project? 436 

A. No.  This paper has nothing to do with wind turbines.  It also does not follow the 437 

scientific method of risk evaluation – there is no objective assessment of intensity, 438 

duration, or frequency of low-frequency noise exposure that would identify whether 439 

any of the individuals experienced low-frequency noise above normal background 440 

levels.  In addition, there is no assessment of the individuals’ occupational history, 441 

which could have included chemical exposures that adversely affect the upper 442 
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respiratory system and potentially produce cell damage similar to that described in 443 

the case series. 444 

 445 

Q. Prof. Alves-Pereira attaches a document titled Vibroacoustic Disease in a Ten 446 

Year Old Male as Exhibit 10 to her testimony (“2004 VAD Paper”).  Are you 447 

familiar with the 2004 VAD Paper? 448 

A. Yes.  449 

 450 

Q. In your opinion, does the 2004 VAD Paper provide the Commission with 451 

helpful information related to this Project? 452 

A. No.  This is a case report of claimed low-frequency noise exposure, but it is not clear 453 

that the source was identified, nor was the sound level quantified sufficiently to 454 

support the claimed effect.  Once again, a “diagnosis” of what Prof. Alves-Pereira 455 

describes as vibroacoustic disease is made when, in fact, this is not a clinically 456 

recognized medical condition beyond the Portuguese researchers. 457 

 458 

F. Conclusion Regarding Prof. Alves-Pereira’s Testimony. 459 

 460 

Q. What is your overall impression of Prof. Alves-Pereira’s Testimony? 461 

A. Prof. Alves-Pereira has not established that the peer-reviewed, published literature 462 

has documented a health problem associated with low-frequency sound at the levels 463 

generated by wind turbines, let alone that low-frequency sound from any source 464 

causes such health problems. 465 

 466 

III. RESPONSE TO TESTIMONY OF JERRY PUNCH, Ph.D. 467 

 468 

Q. Have you reviewed the Prefiled Testimony of Jerry L. Punch submitted on 469 

behalf of Intervenors in this matter? 470 

A. Yes.  I reviewed the testimony submitted by Dr. Punch, as well as the exhibits 471 

attached to that testimony. 472 

 473 
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A. 2016 Punch and James Paper. 474 

 475 

Q. On page 4 of his testimony, Dr. Punch references an article he authored titled 476 

Wind turbine noise and human health: a four-decade history of evidence that 477 

wind turbines pose risks, which he attaches as Exhibit 2 to his testimony (the 478 

“2016 Punch and James Paper”).  Are you familiar with the 2016 Punch and 479 

James Paper? 480 

A. Yes. I have observed this article on a number of anti-wind websites and seen it 481 

produced at various hearings.  It is not consistent with the opinions of local, state, 482 

national, and international panels of experts who have reviewed the peer-reviewed, 483 

scientific publications related to wind turbines and health effects.   484 

 485 

Q. Dr. Punch states that the 2016 Punch and James Paper was peer reviewed.  Do 486 

you agree? 487 

A. No.  A summary of the 2016 Punch and James Paper describes the purported “peer 488 

review” of this paper as follows: 489 

This paper has been reviewed both by the anonymous Noise 490 
& Health reviewer and by three other reviewers who have 491 
substantial professional experience in the area of wind 492 
turbine noise. We gratefully acknowledge the helpful 493 
contributions of Keith Johnson, Esq., Michael Nissenbaum, 494 
MD, and Daniel Shepherd, PhD. 495 
 496 
Mr. Johnson provided a review from the perspective of an 497 
attorney who represents interveners in wind turbine siting 498 
cases. Dr. Nissenbaum provided a review from the 499 
perspective of a medical professional and expert in how 500 
ionizing and non-ionizing radiation affects humans. Dr. 501 
Shepherd provided a review from the perspective of a 502 
psychoacoustician with experience in how wind turbine 503 
sound affects people. Each of these reviewers’ comments on 504 
earlier versions of our manuscript led to the final document. 505 
The opinions or assertions contained herein, however, are 506 
the personal views of the authors and are not to be 507 
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construed as reflecting the views of Michigan State 508 
University or Central Michigan University.2 509 

 510 

 This does not describe the typical level of rigorous peer review I would expect before 511 

labeling a report “peer reviewed.” A law degree is not recognized as a science 512 

degree and, notably, Mr. Johnson is described as representing opponents to wind 513 

projects.  It is also notable that Dr. Nissenbaum is on the Board of Directors of “The 514 

Society for Wind Vigilance,” which is a well-known and decidedly anti-wind group.3  515 

Similarly, Dr. Shepherd is one of that group’s “Scientific Advisors.”4 As such, these 516 

“reviewers” may have been predisposed to agreeing with Dr. Punch and with groups 517 

opposed to wind energy. 518 

 519 

Q. In your opinion, does the 2016 Punch and James Paper provide the 520 

Commission with helpful information with respect to this Project? 521 

A. No.  The stated goal of the article is to “provide a systematic review of legitimate 522 

sources that bear directly and indirectly on the question of the extent to which WT 523 

noise leads to the many health complaints that are being attributed to it.”  The 524 

authors state that they used Google, Google Scholar, and PubMed for this 525 

information.  I note that a Google search regarding wind turbines and health effects 526 

returns millions of results, which are not consistently reviewed or otherwise fact-527 

checked.  The scientific alternative is the U.S. National Library of Medicine, National 528 

Institute of Medicine’s PubMed, which comprises more than 28 million citations for 529 

biomedical literature from MEDLINE, life science journals, and online books.  My 530 

PubMed search of “wind turbines health effects” on September 23, 2018, returned 531 

only 54 articles in the scientific literature. In my experience, there is a lot of 532 

                                            
2 See National Wind Watch: Presenting the Facts about Industrial Wind Power website link, available at 
https://www.wind-watch.org/documents/wind-turbine-noise-and-human-health-a-four-decade-history-of-
evidence-that-wind-turbines-pose-risks/ (last accessed Sept. 19, 2018). 
3 Dr. Punch’s co-author, Richard James, is also on this Board of Directors.  Similarly, Drs. Phillips, Salt, 
and Thorne, each of whom are quoted in the 2016 Punch and James Paper, are “Scientific Advisors” to 
The Society of Wind Vigilance and have each written opinion pieces against wind turbines. 
4 See http://www.windvigilance.com/home/advisory-group (last accessed Sept. 19, 2018). 
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“information” in the lay press, internet, or word of mouth, but very little of it is 533 

objective scientific evidence.  534 

 535 

Q. Dr. Punch states: “I believe that a substantial proportion of people living in the 536 

vicinity of the proposed Project can be expected to experience not only 537 

annoyance, but also a variety of adverse health effects.”  Do you agree? 538 

A. No.  Dr. Punch’s “belief” is not a scientifically-validated conclusion.  His “belief” is 539 

also not supported by the published, peer-reviewed literature on this topic, as I 540 

discussed in my Supplemental Direct Testimony.  Annoyance is not a health effect 541 

but a normal, everyday psychological and physiological response often manifested 542 

when a person does not like or does not agree with something occurring in his or her 543 

life.  For example, a baby crying may be reassuring to a mother that the baby is 544 

breathing, is hungry, or needs its diaper changed, but a crying baby on an airplane 545 

may be annoying to some fellow passengers. 546 

 547 

Q. Dr. Punch asserts that the 2016 Punch and James Paper “indicate[s] that there 548 

is a strong association between exposure to wind turbines and the health 549 

complaints, and they strongly suggest that the link is causative.”  (Punch 550 

Direct, lines 150-52.)  Do you agree? 551 

A. No.  Based on Dr. Punch’s testimony, he is not relying upon evidence from 552 

epidemiological studies conducted using the scientific method.  To the extent Dr. 553 

Punch is referring to the process of asking individuals if they experienced health 554 

conditions before wind turbines were installed, this is not a reliable study method, as 555 

I have previously discussed (e.g., recall bias). 556 

 557 

Q. Dr. Punch states that “general causation and specific causation . . . differ 558 

based on the targets of interest: the general population versus targeted 559 

individuals, respectively.”  (Punch Direct, lines 159-60.)  Do you agree with this 560 

characterization? 561 

A. No, Dr. Punch is not correct.  General causation refers to the science that identifies 562 

the cause of disease - the risk factors or characteristics generally associated with 563 
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the development of a disease.  Specific causation refers to the determination that an 564 

individual has the risk factors or characteristics associated with the disease or health 565 

condition at a sufficient level to reasonably conclude the cause of an individual’s 566 

disease or health condition.  567 

 568 

B. Dr. Punch’s Statements Regarding My Supplemental Direct 569 

Testimony. 570 

 571 

Q. Dr. Punch states that your “testimony rests primarily on [your] credentials in 572 

epidemiology and apparently not on [your] first-hand experience with people 573 

who have been exposed to wind turbine noise over long periods of time.”  574 

(Punch Direct, lines 175-77.)  Do you have a response? 575 

A. Dr. Punch appears to misunderstand what qualifies someone to evaluate an 576 

exposure situation based on the scientific method.  I spent 17 years in the Oklahoma 577 

State Department of Health.  During most of that time, I evaluated health concerns 578 

involving communicable and environmentally-related disease for Oklahoma 579 

residents.  I use the same scientific method to evaluate health concerns anytime I 580 

am asked to evaluate a potential exposure situation, regardless of the purported 581 

cause. 582 

 583 

Q. Dr. Punch also states that you “essentially dismiss[ ] most of the nine 584 

[Bradford Hill] criteria by naming them, without discussing their implications.”  585 

(Punch Direct, lines 180-81.)  What are the Bradford Hill criteria? 586 

A. The “Bradford Hill” criteria were proposed by Sir Austin Bradford Hill in 1965.  They 587 

are a set of nine criteria to provide epidemiologic evidence of a causal relationship 588 

between a presumed cause and an observed effect when the association of cause 589 

and effect are sufficiently identified.  In other words, the criteria are used to evaluate 590 

the strength of an association between a disease and its supposed causative agent.  591 

Sir Bradford Hill made it clear in his 1965 Presidential Address at the Royal Society 592 

of Medicine where he stated “Disregarding then any such problem in semantics we 593 

have this situation.  Our observations reveal an association between two variables, 594 
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perfectly clear-cut and beyond what we would care to attribute to the play of chance.  595 

What aspect of that association should we especially consider before deciding that 596 

the most likely interpretation of it is causation?”  Sir Bradford Hill then went on to list 597 

his nine criteria. 598 

 599 

Q. What is your response to Dr. Punch’s assertion that you “dismissed” the 600 

Bradford Hill criteria? 601 

A. I disagree.  My assessment methods are consistent with the Bradford Hill criteria.  It 602 

is apparent from the peer-reviewed, published research that specific health effects 603 

have not been proven to be associated with sounds produced by wind turbines.   604 

 605 

Q. Dr. Punch cites a paper prepared by Dr. Carl Phillips.  Are you familiar with Dr. 606 

Phillips? 607 

A. Yes.  Despite Dr. Punch’s statement otherwise, Dr. Phillips is not an epidemiologist.  608 

Instead, he holds a Ph.D. in public policy and is a “Scientific Advisor” to the Society 609 

for Wind Vigilance.5  As I noted earlier, this is a well-known anti-wind group. 610 

 611 

Dr. Phillips’ arguments center on the opinion that there is sufficient “scientific 612 

evidence” that wind turbines cause a multitude of symptoms and disease for 613 

residents living nearby.  The basis of his opinion is that “people can observe that the 614 

noise from the turbines seems to be bothering them, and can surmise that what they 615 

are noticing may be causing their disease.”  While this sort of information provides 616 

impetus to explore what might be the underlying health issues and concerns, it does 617 

not confirm a causal pathway.  It is, at most, an association that requires careful 618 

evaluation and hypothesis testing.  An observation of noise that one concludes is 619 

bothersome does not necessarily translate into a cause of disease without objective 620 

measurements.  As I have discussed previously, others who have done these kinds 621 

of objective measurements have, in fact, not found any causal relationship between 622 

wind turbines and adverse health effects. 623 

                                            
5 See http://www.windvigilance.com/home/advisory-group/bio_phillips, last accessed Sept. 19, 2018. 

 
014785

http://www.windvigilance.com/home/advisory-group/bio_phillips


 

22 

 624 

C. The Nocebo Effect. 625 

 626 

Q. Dr. Punch attempts to critique your discussion of the “nocebo effect.”  What is 627 

the nocebo effect? 628 

A. The nocebo effect is the recognized human response to a negative belief or 629 

impression.  For example, if a patient does not think that a medication will be 630 

effective, there is a high probability that the medication will not be effective.  Nocebo 631 

is the opposite of placebo, which is the normal response observed where, when a 632 

person thinks a medication will be effective, it is more likely to be effective.  The 633 

nocebo effect has been described as follows: “When individuals expect a feature of 634 

their environment or medical treatment to produce illness or symptoms, then this 635 

may start a process where the individual looks for symptoms or signs of illness to 636 

confirm these negative expectations.”  (Crichton, et al. 2014, Exhibit 9.) 637 

 638 

Q. What is the relevance of the nocebo effect to this proceeding? 639 

A. There is clear evidence in the medical literature regarding both the placebo effect 640 

and nocebo effect.  (Meissner 2011.)  It is real, and it is key to understanding health 641 

complaints about phenomena that occur around us.  Research going back decades 642 

indicates that one’s perception dictates the physical and emotional response.  The 643 

development of social media and the internet has only intensified this focus.  644 

Research into recent events such as the Boston Marathon bombing and Sandy 645 

Hook shootings have shown that media coverage has broadened the extent of the 646 

psychological effect.  (Holman 2014.)  One has to look no farther than the internet to 647 

find a litany of health complaints attributed to wind turbines with little or no scientific 648 

bases.  When you are “told” that you are going to get sick, you become more 649 

cognizant of everyday occurrences.  (Fasse 2012.) A quick search of the internet 650 

produces stressful and often unfounded negative assertions about wind turbines.   651 

 652 

Q. Dr. Punch states that, in the 2016 Punch and James Paper, he and his co-653 

author concluded that it is most plausible that “a variety of adverse reactions 654 

 
014786



 

23 

are physiological effects caused directly or indirectly from exposure to low-655 

frequency sound and infrasound from wind turbines.”  (Punch Direct, lines 656 

259-61 (emphasis in original).)  Do you agree? 657 

A. No.  Neither Dr. Punch nor Mr. James is a physician.  I do not find it convincing that 658 

they can determine the cause of a health complaint simply by evaluating an 659 

individual’s claim.  As I have discussed multiple times herein, there is an 660 

established, well-recognized scientific method for conducting this type of research.  661 

Dr. Punch has not followed that scientific method. 662 

 663 

Q. Dr. Punch states that, “[w]hile psychological expectations and the power of 664 

suggestion can influence perceptions of the effects of wind turbine noise on 665 

health status, no scientifically valid studies have yet convincingly shown that 666 

psychological forces are the major driver of such perceptions.”  (Punch Direct, 667 

lines 261-64.)  What is your response? 668 

A. Dr. Punch’s statement is not true and demonstrates a lack of basic understanding 669 

about the psychological factors associated with human response.  Even a cursory 670 

review of the literature negates this argument.  For example, in a paper published by 671 

Enck, et al. 2008 (Exhibit 10), the authors state: “The latest scientific evidence has 672 

demonstrated, however, that the placebo effect and the nocebo effect, the negative 673 

effects of placebo, stem from highly active processes in the brain that are mediated 674 

by psychological mechanisms such as expectation and conditioning.”6  More 675 

recently, a paper was published in 2017 exploring the concept that negative 676 

expectations result in nocebo (perceived negative) effects.7  In this paper, the author 677 

describes the nocebo effect as the effect of negative expectations.   678 

 679 

Q. Dr. Punch states, “I believe that most of these adverse reactions are mediated 680 

by disturbances of the hearing and balance mechanisms of the inner ear 681 

                                            
6 Enck P, et al. “New Insights Into the Placebo and Nocebo Responses,” Neuron (July 31, 2008): Vol. 59, 
No. 2, pp. 195–206. (Exhibit 10.) 
7 Colloca, L. 2017. Nocebo effects can make you feel pain: Negative expectancies derived from features 
of commercial drugs elicit nocebo effects. Science, 358(6359): 44. (Exhibit 11.) 
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resulting from the low-frequency noise emitted by industrial wind turbines.”  682 

(Punch Direct, lines 276-78.)  Do you agree? 683 

A. No.  Dr. Punch provides no scientific support for his belief.  I am not aware of any 684 

human data showing that wind turbines have a biological effect on the inner ear. 685 

 686 

D. Conclusion Regarding Testimony of Dr. Punch. 687 

 688 

Q. What is your overall impression of Dr. Punch’s testimony? 689 

A. A review of the peer-reviewed, published data does not support Dr. Punch’s general 690 

statement about health effects being attributed to the noise of wind turbines.  In 691 

addition, his attempts to support his opinions about specific mechanisms of adverse 692 

health effects that he attributes to wind turbine noise are not reflected in the science 693 

related to noise and human hearing or in the numerous reviews of the published 694 

scientific works by local, state, national, and international health organizations. 695 

 696 

IV. RESPONSE TO TESTIMONY OF RICHARD JAMES 697 

 698 

Q. Mr. James references Steven Cooper’s Cape Bridgewater study.  Are you 699 

familiar with this study? 700 

A. Yes.  I believe Mr. James is referring to a study performed in Australia in 2014.  It 701 

was an evaluation of three households (six adults) who had previously lodged 702 

multiple complaints with the wind turbine operator relative to noise levels of the Cap 703 

Bridgewater Wind Farm.  The individuals had reported subjective complaints relative 704 

to the wind farm for more than six years prior to participating in the evaluation. 705 

 706 

Q. Do you believe that the Cape Bridgewater study supports any conclusion 707 

regarding the potential health effects of low frequency sound from wind 708 

turbines? 709 

A. No.  The Cape Bridgewater study has not been peer-reviewed, and its methodology 710 

flaws make the evaluation’s results suspect and unreliable: 711 
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• Because Mr. Cooper evaluated individuals who have already made 712 

complaints about the wind farm, there was a selection bias in who 713 

participated in the study.  With respect to selection bias, the selection of 714 

six individuals who had previously complained about wind turbine 715 

operations would have added the effects of recall bias into the study, 716 

meaning that the study individuals had already formed an opinion, which 717 

would have a direct effect on their reporting of subjective sensations.  718 

More simply, individuals who have already reported complaints are more 719 

likely to continue to do so. 720 

• The evaluation includes no reference group (or “control group”) to 721 

compare the results of the six individuals’ subjective reports.  A reference 722 

group is the hallmark of an epidemiological study.  A researcher cannot 723 

reliably evaluate a complaint about turbine operations, or any other stimuli, 724 

without having both a group that is exposed to the operations and one that 725 

is not to determine if there is a difference in effects that could be attributed 726 

to the stimuli. 727 

• In an appropriately designed epidemiological study, the subjects would be 728 

“blinded” to the status of the turbines, meaning that they would not know 729 

whether the turbines were operational.  This did not occur in the Cape 730 

Bridgewater study. 731 

• As pointed out by the author of the Cape Bridgewater study, their sample 732 

was limited to six individuals who had previously complained – that is, the 733 

study was assessing the subjective “sensations” reported by six 734 

individuals who feel they have been adversely affected in one way or the 735 

other as a result of the wind farm.  (Cape Bridgewater study at p. 212.) 736 

• Notably, the correlations reported by the author have not been repeated 737 

using a valid epidemiological study design. 738 

 739 
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Q. Mr. James attaches a document titled Noise: Windfarms as Exhibit 2 to his 740 

testimony (the “Shepherd Paper”).  Are you familiar with the Shepherd Paper? 741 

A. Yes.  I note that its authors are all affiliated with the anti-wind group, Society for 742 

Wind Vigilance.  Specifically, Dr. Hanning is on that group’s Board of Directors, and 743 

Drs. Shepherd and Thorne are each a “Scientific Advisor.”8  744 

 745 

Q. In your opinion, does the Shepherd Paper provide the Commission with 746 

helpful information concerning the Project? 747 

A. No, in the sense that this is a recitation of opinions of individuals who are affiliated 748 

with anti-wind groups.  As I noted, Drs. Shepherd and Thorne are “Scientific 749 

Advisors” for the Society of Wind Vigilance, and Dr. Hanning and Mr. James are on 750 

its Board of Directors. That said, there are some thoughtful comments regarding the 751 

psychological aspects of annoyance and reported health concerns. However, the 752 

term epidemiology and its attribution to a number of reports or opinion pieces is 753 

misleading.  For example, Dr. Nina Pierpont’s work is not a scientific study, and the 754 

Shepherd Paper fails to make that clear. The Shepherd Paper’s reliance on pieces 755 

written by Harry, Pierpont, Krogh, Hanning, Alves-Pereira, and Nissenbaum clearly 756 

indicate the slant of the article toward the views of the Society for Wind Vigilance. 757 

 758 

Q. The Shepherd Paper states that annoyance is an adverse health effect, relying 759 

on the World Health Organization (“WHO”).  What is your response? 760 

A. Annoyance is not an adverse health effect, it is a normal physiological response 761 

which is deeply rooted in the beliefs, culture, and psychological makeup of the 762 

individual.  The prevention of annoyance is a worthy but unachievable goal.  It is 763 

important to recognize that the WHO document that the Shepherd Paper relies upon 764 

is from 1999 and does not address wind turbines.  Overall, it is an outdated, single 765 

reference that does not reflect the current state of the research on this topic.  There 766 

is peer-reviewed, published research since that time, much of which I have identified 767 

                                            
8 See http://www.windvigilance.com/home/advisory-group (last accessed Sept. 24, 2018). 
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in my testimony, that provides more reliable and relevant information for the 768 

Commission.   769 

 770 

In addition, importantly, the WHO document that the Shepherd Paper relies upon 771 

defines annoyance broadly as “a feeling of displeasure associated with any agent or 772 

condition, known or believed by an individual or group to adversely affect them.”9 I 773 

further note that the WHO document discussed annoyance in terms of a 774 

social/behavioral effect and states: “it should be recognized that equal levels of 775 

different traffic and industrial noises cause different magnitudes of annoyance.  This 776 

is because annoyance in populations varies not only with the characteristics of the 777 

noise, including the noise source, but also depends to a large degree on many non-778 

acoustical factors of a social, psychological, or economic nature.”10   779 

 780 

Q. The Shepherd Paper notes that some individuals describe themselves as 781 

“noise sensitive.”  What is your response? 782 

A. That phrase, as used in the Shepherd Paper, is not a recognized specific health 783 

condition in medical literature.  It is neither an illness nor a disease but more likely a 784 

conditioned response.  In lay terms, this might be described as a state of mind.  As I 785 

discussed previously regarding the nocebo effect, if a person does not like 786 

something, he or she is more likely to have a negative response to any situation 787 

reflective of the stimulating event. 788 

 789 

Q. Are you familiar with the Shirley Wind Project study by Dr. Schomer referred 790 

to by Mr. James? 791 

A. Yes.   792 

 793 

                                            
9 WHO, Guidelines for Community Noise, at 32 (1999). 
10 Id. at xi; see also id. at 33 and 42 (“[A]nnoyance reactions are sensitive to many non-acoustical factors 
of social, psychological or economic nature, and there are also considerable differences in individual 
reactions to the same noise.”). 

 
014791



 

28 

Q. Do you believe that Dr. Schomer’s study provides helpful information to the 794 

Commission with respect to this Project? 795 

A. No.  The study did not use study methods such that specific conclusions could be 796 

scientifically supported.  It also did not demonstrate a causal relationship between 797 

the wind farm and the health complaints reported by some residents. 798 

 799 

Q. Mr. James asserts that you are “not qualified to speak to the issue of 800 

acoustics or human response to wind turbine noise.”  (James Direct, lines 801 

398-99.)  What is your response? 802 

A. I will be the first to admit that I am not an acoustician.  I am, however, a graduate 803 

trained epidemiologist with 30 years of experience working in public health and 20 of 804 

those years working in the areas of occupational and environmental medicine as a 805 

Board Certified Physician.  I am using this experience and training to assess the 806 

health and exposure claims made by persons who are attributing various health 807 

conditions to wind turbine noise. 808 

 809 

V. CONCLUSION 810 

 811 

Q. After reviewing the testimonies of Prof. Alves-Pereira, Dr. Punch, and Mr. 812 

James, do you still hold the opinions offered in your Supplemental Direct 813 

Testimony? 814 

A. Yes.  My opinions are based on peer-reviewed, published literature, and Dr. Alves-815 

Pereira, Dr. Punch, and Mr. James did not present any testimony based on similarly 816 

reliable research.  It is important to acknowledge that there have been more than 817 

400 gigawatts of wind power generation installed around the world,11 and Prof. 818 

Alves-Pereira, Dr. Punch, and Mr. James base their opinions largely only on a small 819 

number of self-reported complaints.   As such, my opinions remain unchanged. 820 

 821 

                                            
11 See https://www.worldenergy.org/data/resources/resource/wind/ (last accessed Sept. 24, 2018). 
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Q. Does this conclude your Rebuttal Testimony? 822 

A. Yes. 823 
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Dated this 26th day of September, 2018. 824 

 825 

   826 

Dr. Mark Roberts 827 
 828 
64899496 829 
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© LUBW Low-frequency noise incl. infrasound – Report on the measurement project 7

1	 Background	and	introduction
There are currently (as of 31.12.2015) 445 wind turbines in 

operation in Baden-Wuerttemberg and 100 more under 

construction 1). In the coming years many more will be ad-

ded to that number. When it comes to the expansion of 

wind energy, the effects on humans and the environment 

need to be taken into account. Wind turbines make noise. 

In addition to the usual audible sound, they also generate 

low-frequency sounds or infrasound, i.e. extremely low to-

nes.

Infrasound is described as the frequency range below 

20 hertz (for explanations of important technical terms, 

please refer to Appendix A3). From a physical point of 

view, these noises are generated particularly through aero-

dynamic and mechanical processes, e.g. the flow around 

rotor blades, machine noise or the vibration of equipment 

components. Our hearing is very insensitive to low-fre-

quency noise components. The wind energy decree of Ba-

den-Wuerttemberg [1] includes, among other things, regu-

lations and statements to protect the population against 

low-frequency noise and infrasound. However, within the 

scope of wind energy development, fears are commonly 

expressed that this infrasound may affect people or jeopar-

dize their health.

In September 2012, the LUBW Landesanstalt für Umwelt, 

Messungen und Naturschutz Baden-Wuerttemberg presen-

ted the concept for a measuring project, with which cur-

rent data on low-frequency noise incl. infrasound from 

wind turbines and other sources was to be collected. As a 

result, the LUBW was entrusted with the implementation 

of the project by the Ministry of Environment, Climate and 

Energy Baden-Wuerttemberg. The company Wölfel Engi-

neering GmbH + Co. KG was taken on board as a sup-

porting measuring institute. The detailed planning and 

work was thus begun together at the beginning of 2013.

Within the project, numerous measurements near wind 

turbines and other sources as well as the associated analy-

ses and evaluations were carried out. The results obtained 

are summarized in this measurement report. The LUBW 

wishes to use it as a contribution towards providing objec-

tivity to the discussion. The report is aimed at the interes-

ted public as well as administrative bodies and professio-

nals.

At this point we would like to thank all participants for 

enabling the measurements as well as the friendly support 

during the implementation, in particular the operators of 

wind turbines, the involved administrative authorities in 

Baden-Wuerttemberg and Rhineland-Palatinate, the State 

Museum of Natural History Karlsruhe and the Education 

Authority of Karlsruhe. The Bavarian State Office for the 

Environment and the State Office for the Environment, 

Nature Conservation and Geology Mecklenburg-Western 

Pomerania were kind enough to provide a number of pic-

tures.

1) The terms "wind power plant" and "wind turbine" are synonymous. 
For our measurement project we have used the term "wind turbine" 
in the title. The German term is embedded in immissions law 
(fourth regulation on the implementation of the Federal Immission 
Control Act – Regulation on licensing requirements Appendices – 
4. BImSchV, Appendix 1 no. 1.6.1 [2] [3]). In the text of this report 
the common term "wind power plant" may also be used.
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2	 Summary
In cooperation with Wölfel Engineering GmbH + Co. KG, 

the LUBW carried out the measurement project "Low-fre-

quency noise incl. infrasound from wind turbines and 

other sources", which began in 2013. This report provides 

information on the results of the measurement project.

The aim of the project is to collect current data on the 

occurrence of infrasound (from 1 Hz) and low-frequency 

noise in the area of wind turbines and other sources. For 

this purpose, measurements were taken up to the end of 

2015 in the areas around six wind turbines by different ma-

nufacturers and with different sizes, covering a power range 

from 1.8 to 3.2 megawatts (MW). Depending on local con-

ditions, the distances to the wind turbines were approx. 

150 m, 300 m and 700 m. The results of the measurements 

at the wind turbines are described and illustrated by means 

of graphs in Chapter 4. In addition to the acoustical analy-

ses, vibration measurements were performed in the vicinity 

of a wind power plant in order to determine possible vibra-

tion emissions of the power plant on the environment. The 

procedure and the difficulties encountered are explained 

accordingly.

Since road traffic is also considered to be a source of infra-

sound and low-frequency noise, it stood to reason to ex-

tend the measurement project to cover that too. Chapter 5 

provides results of measurements at an urban road, which 

took place both outside as well as inside a residential buil-

ding. In addition, the data from the LUBW measurement 

stations for road traffic noise in Karlsruhe and Reutlingen 

were analysed and illustrated with respect to low-frequen-

cy noise and infrasound. Furthermore, results of own mea-

surements at a motorway are also illustrated. This is sup-

plemented by data from sound level measurements inside 

a moving car.

Measurements without reference sources during the day 

and at night took place in the centre of Karlsruhe on the 

Friedrichsplatz. At the same time, measurements were also 

taken on the roof of the natural history museum and in an 

interior room of the education authority (Chapter 6). Typi-

cal noise occurring in residential buildings through wides-

pread technical equipment, such as washing machines, 

refri gerators or heating equipment, was also recorded and 

is presented in Chapter 7. In order to enable statements 

about natural sources of infrasound, measurements were 

taken on an open field, near a forest and in a forest. The 

measurement of low-frequency sound through sea surf is 

also introduced based on literature (Chapter 8). In Chap-

ter 9, considerations are made for a monitoring station for 

the continuous monitoring of low-frequency noise incl. in-

frasound. Such an independently operating permanent 

measuring station could possibly be used when it comes to 

complaint cases.

The report at hand extends the previous interim report 

through further findings and contains a multiplicity of 

measurement results. It is aimed at both professionals as 

well as the interested general public. Great interest for our 

analyses was shown by the public and administrative bo-

dies during the entire duration of the project. SWR TV 

even aired a report about the measurements. The LUBW 

will continue to pursue the issue in the future. 

In addition to general information about infrasound, the 

appendices provide extensive explanations of technical 

terms and the technology used, as well as information on 

the sources.

Figure 2-1: Wind turbines – how much infrasound do they 
emit? Photo: Wölfel company
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RESULTS

In summary, the measurements lead to the following fin-

dings:

 � The infrasound being emanated from the wind turbines 

can generally be measured well in the direct vicinity. 

Discrete lines occur below 8 Hz in the frequency spect-

rum, which are attributed to the uniform movement of 

the individual rotor blades.

 � For the measurements carried out even at close range, 

the infrasound level in the vicinity of wind turbines is 

– at distances between 120 m and 300 m – well below 

the threshold of what humans perceive in accordance 

with DIN 45680 (2013 Draft) [5] or Table A3-1.

 � At a distance of 700 m from the wind turbines, it was 

observed by means of measurements that when the 

turbine is switched on, the measured infrasound level 

did not increase or only increase to a limited extent. 

The infrasound was generated mainly by the wind and 

not by the turbines.

 � The determined G-weighted levels 2) at distances bet-

ween 120 m and 190 m were between 55 dB(G) and 

80 dB(G) with the turbine switched on, and between 

50 dB(G) and 75 dB(G) with the turbine switched off. 

At distances of 650 m and 700 m, the G-levels were bet-

ween 50 dB(G) and 75 dB(G) for both turbines switched 

2) The G-level – expressed as dB(G) – represents a frequency-weigh-
ted single value of the noise in the low-frequency and infrasound 
range. The human ear is insensitive to any influences in this fre-
quency range (for definition and measurement curve see Appen-
dix A3).

a

c

b

d

Figure 2-2: Impressions of the measurements during the execution of the measurement project. a) Construction of a wind measu-
ring mast (top left) and b) of a measurement point (top right) during measurement at a wind turbine. c) and d) Setup of measurement 
points in the city centre of Karlsruhe (bottom). Photos: LUBW
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on as well as off, see Table 2-1. The large fluctuations are 

caused, among other things, by the strongly varying noi-

se components due to the wind, as well as various diffe-

rent surrounding conditions.

 � The infrasound and low-frequency noise measured in 

the vicinity of operating wind turbines consists of a pro-

portion that is generated by the wind turbine, a propor-

tion that occurs by itself in the vicinity due to the wind, 

and a proportion that is induced by the wind at the mi-

crophone. In this case the wind itself is thus always an 

"interference factor" when determining the wind turbi-

ne noise. The measured values are therefore subject to a 

wide spread.

 � The vibrations caused by the wind turbine being exami-

ned were already minimal at a distance of less than 

300 m. At distances provided for residential areas alone 

due to noise protection issues, no relevant effects are to 

be expected for residential buildings.

 � It was possible to carry out the measurements for the 

low-frequency noise incl. infrasound resulting from road 

traffic during times without interfering wind noise. Con-

trary to the case with wind turbines, the measured levels 

also occur directly in areas with adjacent residential 

buildings. As expected, it was observed that the infra-

sound and low-frequency noise levels fell at night. Clear 

correlations with the amount of traffic were also ascer-

tained. The higher the amount of traffic, the higher the 

low-frequency noise and infrasound levels.

 � The infrasound noise levels of road traffic in the area of 

residential buildings in the vicinity in the individual 

third octave bands were a maximum of approx. 70 dB 

(unweighted), while the G-weighted level was in the 

range between 55 dB(G) and 80 dB(G).

 � When it comes to the immission measurements of road 

traffic noise, increased levels in the area between ap-

prox. 30 Hz and 80 Hz were ascertained in the frequen-

cy spectra. The low-frequency noise in this area lies well 

above the perception threshold according to Table A3-1 

and is therefore more relevant with regards to its effect 

than the subliminal infrasound levels below 20 Hz. The 

levels of low-frequency noise in the observed situations 

of road traffic are significantly higher than in the vicinity 

of wind turbines (Table 2-1).

 � The measurements in the city centre of Karlsruhe 

(Friedrichsplatz) showed that the G-weighted levels 

dropped from 65 dB(G) during the day to levels of 

around 50 dB(G) at night. Wind noise played no role for 

these measurements. Relatively high third octave levels 

up to 60 dB (unweighted) could be observed between 

25 Hz and 80 Hz, probably deriving from traffic noise, 

even though the Friedrichsplatz is not located directly 

on a busy road.

 � The highest levels in the context of the measurement 

project were measured in the interior of a mid-range car 

travelling at 130 km/h. Even though these are not immis-

sion levels that occur in a free environment, they are an 

everyday situation that many people are frequently sub-

jected to for a longer period of time. The measured va-

lues for both the infrasound as well as the other 

Figure 2-3: Comparison of road noise inside and outside of mo-
tor vehicles with the level range of wind turbines at a distance of 
approx. 300 m as well as the perception threshold according to 
Table A3-1 regarding infrasound and low-frequency noise. For 
measuring corrections, see Section 4.1. 

Linear third octave level in dB

Frequency in Hz

0

10

20

30

50

80

120

40

60

100

70

110

90

10
0

1.
61 80635040

31
.5252016

12
.5108

6.
354

2.
52

1.
25

3.
15

Car interior, windows closed
Perception threshold

Level range of the measured wind turbines, distance approx. 300 m
Road traffic, traffic volume of 2000 cars/h

EXHIBIT A5-1

Page 11 of 104

UJ:W 

 
014805



12 Low-frequency noise incl. infrasound – Report on the measurement project     © LUBW

low-frequency areas are higher by several orders of 

magni tude than the values measured in road traffic or at 

the wind turbines.

 � The measurement of appliances in a residential building 

showed the highest infrasound levels during the spin 

cycle of washing machines. In individual third octaves 

the levels reached the perception threshold according 

to Table A3-1. As expected, it turned out that building 

components deaden higher-frequency noise significant-

ly better than the low frequencies below 20 Hz.

 � In a rural area, the spectral distribution of noise on an 

open field, the edge of a forest, in a forest with wind is 

in principle similar to in the vicinity of a wind turbine 

(Figure 2-5). For open fields, linear levels that are up to 

30 dB higher than in a forest can be seen in the narrow-

band spectrum. Above 16 Hz, the differences are no lon-

ger as pronounced. Higher levels occur for A-weighted 

audible sound in the forest, which is attributable to the 

rustling of leaves.

CONCLUSION

Infrasound is caused by a large number of different natural 

and technical sources. It is an everyday part of our environ-

ment that can be found everywhere. Wind turbines make 

no considerable contribution to it. The infrasound levels 

generated by them lie clearly below the limits of human 

perception. There is no scientifically proven evidence of 

adverse effects in this level range. 

The measurement results of wind turbines also show no 

acoustic abnormalities for the frequency range of audible 

sound. Wind turbines can thus be assessed like other ins-

tallations according to the specifications of the TA Lärm 

(noise prevention regulations). It can be concluded that, 

given the respective compliance with legal and professional 

technical requirements for planning and approval, harmful 

effects of noise from wind turbines cannot be deduced.Figure 2-5: Comparison of noise situation in an open field (with-
out source reference) with the level range of wind turbines at a 
distance of approx. 300 m as well as the perception threshold 
according to Table A3-1 regarding infrasound and low-frequency 
noise. For measuring corrections for wind turbines, see sec-
tion 4.1. 
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Firgure 2-4: Comparison of noise of technical appliances in resi-
dential buildings with the level range of wind turbines at a dis-
tance of approx. 300 m as well as the perception threshold ac-
cording to Table A3-1 regarding infrasound and low-frequency 
noise. For measuring corrections, see Section 4.1.
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Table 2-1: Comparative overview of results. The readings were often subject to considerable fluctuations. Here they were rounded 
to the nearest 5 dB, some are based on different averaging times. More information can be found in the relevant sections of the 
report. To enable a comparison of the results (measurements with/without reverberant plate) a correction was carried out; for more 
information see Section 4.1. 

Source/situation 
 

Section 
 

G-weighted level
in dB(G) 

Infrasound 
third octave level
   ≤ 20 Hz in dB 1)

Low-frequency 
third octave levels 
25-80 Hz in dB 1)

Wind turbines 2) 
 

– WT 1 
 

4.2

WT on / off 
 

700 m: 55-75 / 50-75 
150 m: 65-75 / 50-70

WT on 
 
– 

150 m: 55-70

WT off 
 
– 

150 m: 50-55

– WT 2 4.3 240 m: 60-75 / 60-75 
120 m: 60-80 / 60-75

– 
120 m: 60-75

– 
120 m: 50-55

– WT 3 4.4 300 m: 55-80 / 50-75 
180 m: 55-75 / 50-75

– 
180 m: 50-70

– 
180 m: 45-50

– WT 4 4.5 650 m: 50-65 / 50-65 
180 m: 55-65 / 50-65

– 
180 m: 45-55

– 
180 m: 40-45

– WT 5 4.6 650 m: 60-70 / 55-65 
185 m: 60-70 / 55-65

– 
185 m: 50-65

– 
185 m: 45-50

– WT 6 4.7 705 m: 55-65 / 55-60 
192 m: 60-75 / 55-65

– 
192 m: 55-65

– 
192 m: 45-50

Road traffic 
 
– Würzburg inner city, balcony 3) 
– Würzburg inner city, living quarter 3)

 
5.1

 
 

50-75 
40-65

 
 
35-65 
20-55

 
 
55-75 
35-55

– Karlsruhe, noise measurement station 3) 5.2 65-75 45-65 55-70

– Reutlingen, noise measurement station 3) 5.2 70-80 50-70 55-75

– Motorway A5 near Malsch, 80 m 4) 
– Motorway A5 near Malsch, 260 m 4) 5.3 75 

70
55-60 
55-60

60-70 
55-60

– Interior noise in passenger car 130 km/h 4) 
– interior noise in minibus at 130 km/h 4) 5.4 105 

100
90-95 
85-90

75-95 
80-90

Urban background, Karlsruhe 3) 

 
– roof of natural history museum 
– Friedrichsplatz 
– Interior

 
6

 
 

50-65 
50-65 
45-60

 
 
35-55 
35-50 
20-45

 
 
up to 60 
up to 60 
up to 55

Noise sources in residential buildings 5) 
 
– Washing machine (all operating modes)

 
 

7.1

 
 

50-85

 
 

25-75

 
 

10-75

– Heating (oil and gas, full load) 7.2 60-70 40-70 25-60

– Refrigerator (full load) 7.2 60 30-50 15-35

Rural environment 6) 
 
– open field, 130 m from forest

 
 

8.1

Wind 6 / 10 m/s 
 

50-65 / 55-65

Wind 6 / 10 m/s 
 

40-70 / 45-75

Wind 6 / 10 m/s 
 

35-40 / 40-45

– Edge of forest 8.1 50-60 / 50-60 35-50 / 45-75 35-40 / 40-45

– Forest 8.1 50-60 / 50-60 35-40 / 40-45 35-50 / 35-40

Sea surf 
 
– Beach, 25 m away

 
 

8.2

 
 

75

 
 

55-70

 
 

not reported

– Rock cliff, 250 m away 8.2 70 55-65 not reported

1) Linear third octave level (unweighted)
2) For wind turbines: From 10-second values (see illustrations of the G-level depending on the wind speed)
3) For road traffic (Würzburg) and urban background (Karlsruhe): From averaging levels over an hour
4) For federal motorway and car interior level: From averaging over several minutes
5) For noise sources in residential building: From averaging levels of typical operating cycles
6) The wind measurement was always carried out at the measurement point MP1 (open field).
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3	 Scope	of	analysis
The scope of analysis includes the following measurements 

and examinations:

 � Measurement of low-frequency noise, including infra-

sound, from 1 Hz at a total of six different wind turbines 

at a distance of approx. 150 m, 300 m and 700 m respec-

tively (if possible). In the process, the turbines were 

each turned on and off. The distances roughly corres-

pond to the set reference intervals for emission measu-

rements at close range (approx. 150 m), a roughly doub-

le distance in the immediate vicinity (approx. 300 m) 

and a distance that can occur for real noise immis sions 

(700 m, see also planning information in the wind ener-

gy statute of Baden Wuerttemberg [1]).

 � Comparative measurement of the noise immission in 

the sphere of influence of a road both outside as well as 

inside a residential building.

 � Determination of low-frequency effects from 6.3 Hz of 

road traffic on the permanent monitoring stations in 

Karlsruhe and Reutlingen as well as at the A5 motorway 

near Malsch at different distances.

 � Measuring of the infrasound levels within a passenger 

car travelling at 130 km/h.

 � Determination of the urban background through a com-

parative measurement of the noise situation in Karlsru-

he (Friedrichsplatz) without specific source refe rence 

both outside as well as inside a building.

 � Comparative measurement of the noise situation in a 

rural area without a concrete source reference.

 � Measurement of oscillations (vibrations) in the ground 

in the vicinity of a wind turbine.

 � Elaboration of a feasibility concept for the conception 

of a self-sufficient permanent measuring station for low 

frequency noise incl. infrasound, in order to possibly 

measure the effects over a longer period of time (e.g. 

several weeks).

The following planned steps of the project have not yet 

been completed:

 � Measurement of the direction dependency in the low-

frequency frequency range based on four measurement 

points around a wind turbine. – This is where technical 

problems occurred during the measurement. They 

therefore have to be repeated.

 � Measurement of low-frequency noise, including infra-

sound, from 1 Hz at a wind farm, incl. indoor measure-

ment in a residential building at a distance of approx. 

700 m to the nearest turbine. The wind turbines are 

switched on and off in the process. – The necessary me-

teorological conditions did not occur at the planned 

measuring location since commissioning in August 2014. 

It was therefore not possible to carry out a standard-

compliant measurement. The measurement is to be car-

ried out at a later date.
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4	 Wind	turbines
The results of the six measurements that took place in the 

context of this project at wind turbines in Baden-Wuert-

temberg, Rhineland-Palatinate and Bavaria are presented 

in the following (Table 4-1). The measurements were car-

ried out by Wölfel Engineering GmbH + Co. KG, Höch-

berg, on behalf of the LUBW. The graphical representa-

tions of the emissions and immissions in the low-frequency 

range, both with the turbines switched on and off, are an 

integral part. The third octave levels enable a comparison 

with the human perception threshold. The A and G-weigh-

ted sound pressure levels are represented depending on 

the wind velocity for three different distances from the tur-

bine. The A-weighted sound level – specified as dB(A) – 

simulates the human hearing sensitivity. The G-level – spe-

cified as dB(G) – represents a singular value, which rates 

only infrasound and parts of the low-frequency frequency 

range. The human ear is very insensitive to these frequency 

ranges (for more info please refer to Figure A3-1 in Appen-

dix A3). Additionally recorded narrow band spectra, all 

specified with a resolution of 0.1 Hz, are able to depict mo-

re clearly specific features of the noise characteristics of 

wind turbines. The level values in a spectrum depend on 

the selected resolution. Therefore, narrow band levels can-

not be compared with third octave levels. Only third octa-

ve levels are suitable for comparisons with the hearing 

threshold, as it also corresponds to third octave levels.

All the following results of measurements on operating 

wind turbines also include the noise caused by the wind 

itself in the vicinity. In addition, in the case of strong wind, 

noise will inevitably be induced at the microphones despi-

te the use of double wind screens. Therefore, the results of 

a measurement cannot be attributed to the respective wind 

turbine alone. The differences shown by the comparison of 

situations with the turbine switched on and off are therefo-

re all the more important. When it comes to the noise 

measurements at roads (Chapter 5) and in the city centre 

(Chapter 6), the effects related to the wind are irrelevant. 

Thus, the measuring results for wind turbines and roads 

designate different situations, which cannot be directly 

compared with one another.

The selection of the wind turbines that were to be measu-

red proved to be rather difficult. The initial contacts with 

operators were kindly set up by the Baden-Wuerttemberg 

approval authorities (district offices) after the LUBW had 

carried out a corresponding query. The participation of the 

turbine operators was on a voluntary basis. Some operators 

had concerns about participating in the project.

First, the locations were qualified from an acoustic perspec-

tive. Sites near busy roads, or other disruptive noise sour-

ces – including forests – were deemed unsuitable and thus 

rejected. Regarding more powerful turbines, the site search 

had to be extended by the LUBW to include Rhineland-

Palatinate. In this case constructive support was also provi-

ded several times by the authorities. Not only weather-re-

lated restrictions had to be coped with (matching wind 

directions and wind speeds; strong winds resulting in ter-

mination of measuring due to automatic shutdown; snow-

fall in the vicinity) during the project. One wind power 

plant broke down shortly before the measurement and was 

Table 4-1: Overview of the wind power plants where measurements were carried out in the context of this project. The individual 
power plants and the associated results are described in more detail in Sections 4.2 to 4.7.

Wind turbine (WT) WT 1 WT 2 WT 3 WT 4 WT 5 WT 6

Manufacturer 
Model

REpower* 
MM92 Enercon E-66 Enercon E-82 REpower* 

3.2M114
Nordex 

N117/2400 Enercon E-101

Nominal capacity 2.0 MW 1.8 MW 2.0 MW 3.2 MW 2.4 MW 3.05 MW

Rotor diameter 92 m 70 m 82 m 114 m 117 m 101 m

Hub height 100 m 86 m 138 m 143 m 140.6 m 135.4 m

* Senvion since 2014
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the measurement of the turbine noise impossible. This is 

just to show some of the challenges that had to be over-

come during the project. The delays that were thus incur-

red were not foreseeable from the start.

inoperable for a longer period of time. One operator with-

drew his consent to the measurement as the proposed tur-

bine had difficulties with the acceptance inspection. A 

construction site was set up in the vicinity of another wind 

turbine, which caused background noise and thus made 

Figure 4-1: Model type WT 1, REpower MM92 Figure 4-2: Model type WT 2, Enercon E-66

Figure 4-3: Model type WT 3, Enercon E-82

Figure 4-5: Model type WT 5, Nordex N117/2400

These images convey an impression of the examined wind power plants, covering the common power range between 1.8 MW and 
3.2 MW. The hub height varies between 86 m and 143 m, the rotor diameter varies between 70 m and 117 m. Photos: batcam.de 
(left column), LUBW (Fig. 4-2 and 4-4), Lucas Bauer wind-turbine-models.com (Fig. 4-6)

Figure 4-4: Model type WT 4, REpower 3.2M114

Figure 4-6: Model type WT 6, Enercon E-101
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4.1 Measurements and evaluations

The noise measurements were carried out according to 

DIN EN 61400-11 [6] and the technical guidelines for wind 

turbines [7] respectively. Furthermore, the noise immissi-

ons in the frequency range from 1 Hz were measured and 

further guidelines [8] [9] used if necessary.

These regulations describe noise measurement methods 

for determining the sound emissions of a wind turbine. 

They establish the procedures for the measurement, analy-

sis and presentation of results of noise emitted by wind 

turbines. Likewise, requirements for the measuring devices 

and calibration are provided in order to ensure the accura-

cy and consistency of the acoustic and other measure-

ments. This is where special microphones that can be ap-

plied from levels of 1 Hz onwards were used. The 

non-acoustic measurements that are necessary in order to 

determine the atmospheric conditions that are relevant for 

the determination of the noise emission are also described 

in more detail. All the parameters that are to be measured 

and illustrated, as well as the necessary data processing to 

determine these parameters are defined. For more details 

on measurement techniques, please refer to Appendix A4.

Based on the measurements, which – if possible – should 

be made at distances of approx. 150 m, 300 m and 700 m 

from the turbine (it was not always possible to observe 

these distances exactly), statements about emissions and 

immissions of the turbines can be made. The wind turbi-

nes that were to be measured were each operated in open 

operating mode, where the system is geared towards per-

formance optimization. Experience has shown that the 

highest noise levels can be expected in this mode.

Over the entire measurement time, both third octave as 

well as octave bandwidths in the frequency range of 6.3 Hz 

to 10 Hz were formed and stored with the sound level me-

ters used (see Appendix A4). From the recorded audio 

files, third octave and octave spectra were formed in the 

range of 1 Hz to 10 kHz as well as narrowband spectra in 

the range of 0.8 Hz to 10 kHz by means of digital filters. 

Times with extraneous noise were marked during the mea-

surements and not used for the evaluations. The micro-

phones were each mounted on a reverberant floor plate 

and provided with a primary and secondary wind screen 

(see Firgure 4.3-1), in order to reduce or even avoid wind 

noise induced at the microphone. The use of a reverberant 

plate results in a doubling of sound pressure at the micro-

phone, resulting in higher readings. When determining the 

sound power level, a correction of -6 dB therefore has to be 

undertaken afterwards. The correction was carried out in 

this report for the presentation of measured values only in 

the case of a comparison of results that emerged through 

different measuring arrangements (see Firgures 2-3 to 2-5 as 

well as Table 2-1) or comparisons with the perception 

threshold, e.g. in Figure 4.2-5.

For some representations of the measuring results, the hu-

man perception threshold was inserted into the graphics as 

a comparison. This is where we used the values of DIN 

45680 (2013 draft) [5]. These values are somewhat lower 

than those of the currently valid DIN 45680 (1997) [4] that 

are to be applied in accordance with the TA Lärm [10]. 

Below 8 Hz, the values of the standard work were supple-

mented by data from literature [11], see Table A3-1. Further 

information is listed in Appendix A1 for the difficulties 

regarding the hearing and perception threshold. Graphical 

comparisons of the hearing and perception threshold are 

also presented there (Figure A1-2).

In addition to the sound level measurements, vibration 

measurements were also carried out at the foundation of 

wind turbine 5, and at distances of 32 m, 64 m and 285 m 

(see Section 4.8).

4.2 Noise at wind turbine 1: 
REpower MM92 – 2.0 MW

BASIC CONDITIONS

The wind turbine 1 (WT 1) is a power plant made by the 

company Repower, model MM92/100 (Figure 4-1) with a 

nominal generator capacity of 2.05 MW at a wind speed of 

12.5 m/s at hub height. The rotor diameter is 92 m, the hub 

height above ground is 100 m. The immediate vicinity of 

the wind turbine is defined by agricultural land with indi-

vidual trees scattered around. Adjacent to it are areas with 

conifer tree culitvation and forest. Further wind power 

plants are located in the wider vicinity of the wind turbine 

EXHIBIT A5-1
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being measured. These were switched off during the mea-

surement period. A path in close proximity is allowed to be 

used only by agricultural traffic and is used only seldom. 

The measurements were carried out on 11.04.2013 between 

8:00 a.m. and 4:00 p.m. The position of the microphone at 

the measurement point MP1 was at a distance of 150 m to 

the power plant in a downwind direction. This was in or-

der to take into account the worst case scenario (support of 

sound propagation through the wind). Further measure-

ment points MP2 and MP3 were located at intervals of 300 

and 700 m in a downwind direction. Figure 4.2-1 provides 

an impression. The measurement was carried out in a wind 

speed range of 5 to 14 m/s, a temperature range of 10 to 

12 °C and an atmospheric pressure range of 946 to 951 hPa. 

The entire power range of the power plant was covered up 

to the nominal power. The turbulence intensity, which is 

basically a measure of the gustiness of the wind (see Ap-

pendix A3), was 18 %.

RESULTS: NARROW BAND LEVEL

Figure 4.2-2 shows the narrow band spectra of background 

noise and overall noise at the measurement point MP1 at a 

distance of 150 m with a resolution of 0.1 Hz. The wind 

speed was 6.5 m/s. With the power plant switched on, six 

discrete maxima can be clearly seen in the infrasound range 

between 1 Hz and 5.5 Hz. This concerns infrasound gene-

rated by the rotor due to its motion. The measured fre-

quencies correspond to the passage frequency of a rotor 

blade of approximately 0.75 Hz, which corresponds with a 

frequency of the rotor of 15 rpm and the harmonic overto-

nes at 1.5 Hz, 2.2 Hz, 3.0 Hz, 3.7 Hz, 4.5 Hz and 5.2 Hz  

(Figure 4.2-2). Further maxima were measured at 25 Hz and 

Figure 4.2-1: Wind measurement mast with view in direction of 
the wind power plant being measured. Photo: Wölfel company

Figure 4.2-2: Narrow band spectra of background noise and total 
noise in the vicinity of the wind turbine WT 1 for the frequency 
range of infrasound

Figure 4.2-3: Narrow band spectra of background noise and total 
noise at a far range from the wind turbine WT 1 for the frequency 
range of infrasound
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50 Hz, These are at a much lower level, and are attributab-

le to the operation of the generator. The peaks disappear 

when the power plant is switched off.

Figure 4.2-3 shows the narrow band spectra of background 

noise and overall noise at the measurement point MP3 at a 

distance of 700 m. At this distance, no discrete infrasound 

maxima can be distinguished anymore when the power 

plant is on. There were no measurable differences in infra-

sound between the conditions "turbine on" and "turbine 

off" for this measurement at a distance of 700 m. This was 

apparently caused by the noise of wind and the surround-

ings. Here too, the wind speed was 6.5 m/s.

RESULTS: THIRD OCTAVE LEVEL

Figure 4.2-4 shows the third octave spectra of background 

noise and overall noise at the measurement point MP1 

(150 m) for the frequency range from 0.8 Hz to 10,000 Hz. 

The wind speed was 6.5 m/s. The level reduction due to 

the shutdown of the power plant is visible here in a consi-

derably broader spectral range.

COMPARISON WITH THE PERCEPTION THRESHOLD

Figure 4.2-5 shows the third octave spectra of the total noi-

se at the measurement points MP1, MP2 and MP3 for the 

frequency range from 1 Hz to 100 Hz along with the per-

ception threshold in comparison. The wind speed was 

6.8 m/s. It must be kept in mind that the background noise 

of wind and vegetation are also included. These may vary 

at the respective measurement point. It is apparent that 

from about 6-8 Hz the overall noise becomes less with in-

creasing distance to the power plant. The differences be-

come clearer with increasing frequency. In terms of audible 

sound, this constitutes an audible effect. At the measure-

Figure 4.2-4: Third octave spectra of total noise and background noise in the vicinity of the wind turbine WT 1
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Figure 4.2-5: Third octave spectra of total noise at the measure-
ment points MP1 (150 m), MP2 (300 m) and MP3 (700 m) of 
WT 1, with the perception threshold according to Table A3-1 in 
comparison. The measured values were corrected according to 
Section 4.1.
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ment point located at a distance of 700 m, the turbine is no 

longer constantly and at most only slightly noticeable; the 

curve is almost the same as for the background noise. In 

the infrasound range, the curves are well below the percep-

tion threshold.

INFLUENCE OF WIND SPEED

The above charts reflect a concrete individual situation at a 

given wind speed (6.5 or 6.8 m/s respectively) as an examp-

le. However, the results were presented at different fre-

quencies. Of course this is where the question arises as to 

what the relationships are like at different wind speeds. 

These were also measured, and the results are shown in  

Figure 4.2-6. This figure is not easy to understand straight 

away and should therefore be explained step by step.

The three graphs represent the relationships at the respec-

tive measurement points at a distance of 150 m (upper figu-

re), 300 m (middle figure) and 700 m (lower figure). The 

wind speed of 4.5 to 10.5 m/s is placed on the bottom, ho-

rizontal axis. The vertical axis represents the sound level 

values. Each point corresponds to a single measurement 

sequence of 10 seconds at a given wind speed. Violet dots, 

which depict the lower value area, represent audible sound 

with the turbine on, expressed in dB(A). It is easy to see at 

distances of 150 and 300 m that the audible sound increa-

ses slightly at wind speeds of 4.5 m/s up to just above 

5.5 m/s, but then remains constant at higher wind speeds. 

How does this behave with low-frequency sound or infra-

sound respectively? In order to find out, the dependency 

of the G-weighted sound level, specified as dB(G), was ex-

amined.

The red dots represent the G-weighted sound level when 

the turbine is switched on, the green dots when the turbi-

ne is switched off. In the vicinity of the power plant, at a 

distance of 150 m (upper image), you can see clearly that 

the sound level is similarly dependent on the wind speed 

also in the low-frequency range (incl. infrasound) as is the 

case for audible sound when a power plant is switched on. 

Furthermore, it is also visible that there is a clear difference 

between the turbine being on and the turbine being off. 

The G levels are significantly higher when the turbine is on 

(red dots) than when it is switched off (green dots). At a 

distance of 300 m (middle image) this difference is already 

less pronounced, and at 700 m it is no longer recognizable. 

There is virtually no difference anymore between the red 

cluster of dots (turbine on) and the green cluster of dots 

(turbine off), regardless of the wind speed.

These readings also show clearly that the background noise 

through wind and vegetation, measured when the turbine 

is switched off (green dot cluster), is subject to strong scat-

tering, i.e. particularly noticeable natural fluctuations. The 

values span a range of up to 20 dB(G). The measured se-

quences of the turbine noise, on the other hand, scatter 

significantly less, at least in the near-field.

LEVEL DEVELOPMENT DURING THE MEASUREMENT

Figure 4.2-7 shows the A and G-weighted level curves bet-

ween 11:00 a.m. and 3:00 p.m. at a distance of 150 m and 

700 m. In addition, the operating conditions of the wind 

turbine (green = turbine on, light blue = turbine off) as well 

as periods of time with external noise (violet) are depicted. 

For the two level developments of measurement point 

MP1, the operational phase "turbine off" is easily recognis-

able through the considerably declining level develop-

ments. At the measurement point MP3, a drop in the level 

with the turbine turned off is barely distinguishable due to 

the fluctuating background noise – only the minima of the 

A level development are slightly lower than when the tur-

bine is on. The G level development, however, covers ne-

arly the same range of values as when the turbine is swit-

ched off.
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Figure 4.2-6: Audible sound level (A level) and infrasound level (G level) depending on the wind speed for the wind turbine WT 1. The 
G levels when the turbine is switched on (red dots) and when the turbine is switched off (green dots) are shown, as are the A levels 
with the turbine switched on (violet dots).
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Figure 4.2-7: Chronological sequence of audible sound level (A level), infrasound level (G level), as well as the wind speed during the 
measurements of the wind turbine WT 1
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4.3 Noise at wind turbine 2: 
Enercon E-66 – 1.8 MW

BASIC CONDITIONS

The wind turbine 2 (WT 2) is a gearless unit by the com-

pany Enercon, Model E-66 18/70 (Figure 4-2) with a nomi-

nal generator capacity of 1.8 MW. The rotor diameter is 

70 m, the hub height above ground is 86 m. The immedia-

te vicinity of the turbine consists of agricultural land, with 

forest partly adjacent to it. Further wind turbines are loca-

ted in the vicinity. These were completely turned off du-

ring the measurement period in order to prevent extrane-

ous noise. A further wind power plant is located at a 

distance of about 1.5 km; this was in operation during the 

measurement period. A path in close proximity is allowed 

to be used only by agricultural traffic and is used very sel-

dom. The measurements were carried out on 02.11.2013 

between 10:00 a.m. and 6:00 p.m. The position of the mi-

crophone at the measurement point MP1 was at a distance 

of 120 m from the power plant, measurement point MP2 at 

a distance of 240 m, both in a downwind direction (in or-

der to take into account the propagation of sound through 

the wind). The microphone at the measurement point 

MP3 was positioned at a distance of 300 m from the tower 

axis and deviated by 30° from the prevailing wind di rection. 

A measurement point at a distance of 700 meters was not 

possible at this site. Figure 4.3-1 provides an impression.

The measurement was performed in a wind speed range of 

5 to 15 m/s (measured at 10 m height), a temperature range 

of 11 to 12.5 °C, an air pressure range of 926 to 927 hPa and 

in a power range of 0 to 1,800 kW. The turbulence intensi-

ty (see Appendix A3) during the measurement was 28 % 

and thus relatively high.

RESULTS: NARROW BAND LEVEL

Figure 4.3-2 shows the narrow band spectra of background 

noise and overall noise at the measurement point MP1 at a 

distance of 120 m with a resolution of 0.1 Hz. The wind 

speed was 9 m/s. With the turbine turned on, several 

discrete maxima can be observed in the infrasound range 

below 8 Hz. This concerns infrasound generated by the ro-

tor due to its motion. The measured frequencies are in ac-

cordance with the passage frequency of a rotor blade and 

its harmonic overtones. At 22.5 rpm, the speed at which 

the turbine was running, one can mathematically determi-

ne the peaks at 2.2 Hz, 3.4 Hz, 4.5 Hz, 5.6 Hz, 6.8 Hz and 

7.9 Hz with good conformance. They disappear when the 

turbine is turned off; at a distance of 300 m they occur 

Figure 4.3-1: Measurement point MP1 with microphone, rever-
berant plate and dual wind screen. In the background: wind tur-
bine WT 2 at a distance of 120 m. Photo: Wölfel company.

Figure 4.3-2 Narrow band spectra of background noise and total 
noise in the vicinity of the wind turbine WT 2 for the frequency 
range of infrasound
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only faintly (not shown). The level peak at approx. 17 Hz 

that is clearly visible in the background is probably due to 

extraneous noise.

RESULTS: THIRD OCTAVE LEVEL

Figure 4.3-3 shows the third octave spectra of background 

noise and overall noise at the measurement point MP1 at a 

distance of 120 m for the frequency range from 0.8 Hz to 

10,000 Hz. The wind speed was 9 m/s. The level reduction 

through switching off the turbine is recognizable in a much 

broader spectral range here.

COMPARISON WITH THE PERCEPTION THRESHOLD

Figure 4.3-4 shows the third octave spectra of the total noi-

se at the measurement points MP1, MP2 and MP3 for the 

frequency range from 1 Hz to 100 Hz along with the per-

ception threshold in comparison. The wind speed was 

9 m/s. The background noise of wind and vegetation are 

also included. These may vary at the respective measure-

ment point. The measurement points MP2 and MP3 are 

further away from the turbine than measurement point 

MP1 (240 m and 300 m compared to 120 m). This is where 

somewhat lower values are also measured, which becomes 

more apparent with increasing frequency. In the range of 

infrasound, the curves are well below the perception 

threshold.

INFLUENCE OF WIND SPEED

In order to investigate the dependency of low-frequency 

emissions on wind speed, numerous readings were taken 

and are depicted in Figure 4.3-5. The three charts represent 

the conditions at distances of 120 m (MP1, upper figure), 

240 m (MP2, middle figure) and 300 m with a lateral dis-

placement by 30° to the wind direction (MP3, lower figu-

re). The violet dots in the lower range of values represent 

audible sound, expressed in dB(A). In the upper image it 
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Figure 4.3-3: Third octave spectra of total noise and background noise in the vicinity of the wind turbine WT 2
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Figure 4.3-4: Third octave spectra of total noise at the measure-
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WT 2, with the perception threshold according to Table A3-1 in 
comparison. The measured values were corrected according to 
Section 4.1.
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Figure 4.3-5: Audible sound level (A level) and infrasound level (G level) depending on the wind speed for the wind turbine WT 2. The 
G levels when the turbine is switched on (red dots) and when the turbine is switched off (green dots) are shown, as are the A levels 
with the turbine switched on (violet dots).
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can be seen clearly that the measured A levels are higher at 

a distance of 120 m than at the measurement points at a 

distance of 240 m and 300 m from the power plant. The 

turbine was perceived to be louder at a distance of 120 m 

than at a distance of 240 m.

The red dots represent the G-weighted sound level when 

the turbine is switched on, the green dots when the turbi-

ne is switched off. The upper image shows that at the mea-

surement point MP1, i.e. in the near field at a distance of 

120 m from the power plant, the G-weighted sound pressu-

re level during operation of the wind power plant is appro-

ximately constant and minimally higher than that of the 

background noise when the turbine is not running. A simi-

lar situation is given at the measurement points MP2 and 

MP3. Hardly any differences can be seen between the mea-

sured values, as the red and green dot clusters pretty-much 

overlap each other.
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Figure 4.3-6: Chronological sequence of audible sound level (A level), infrasound level (G level), as well as the wind speed during the 
measurements at the wind turbine WT 2
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The relatively large scattering of the measured values for 

when the turbine is running and when it is not running, 

and the relatively high G-weighted sound pressure level – 

even when the turbine is off – are in this case probably due 

to the high wind speeds prevailing throughout. The mea-

surements with the turbine in operation were taken in the 

range of 8 to 11.5 m/s (10 m height). In this case, part of the 

effect is potentially also attributable to wind-induced noise 

at the microphones.

LEVEL DEVELOPMENT DURING THE MEASUREMENT

Figure 4.3-6 shows the A and G-weighted level curves bet-

ween 10:30 a.m. and 5:00 p.m. at a distance of 120 m and 

240 m. In addition, the operating conditions of the wind 

turbine (green = turbine on, light blue = turbine off) as well 

as periods of time with external noise (violet) are depicted. 

For the two level developments of measurement point 

MP1, the operational phase "turbine off" is recognisable 

through the considerably declining level developments. At 

measurement point MP2, the level drop is less pronounced 

when the turbine is off, but still clearly recognizable.

4.4 Noise at wind turbine 3: 
Enercon E-82 – 2.0 MW

BASIC CONDITIONS

The wind turbine 3 (WT 3) is a gearless unit by the com-

pany Enercon, Model E-82 E2 (Figure 4-3) with a nominal 

generator capacity of 2.0 MW. The rotor diameter is 82 m, 

the hub height above ground is 138 m. As can be seen in 

Figure 4.4-1, agriculturally used areas are located in the 

closer vicinity. An adjacent wooded area is located at a dis-

tance of about 400 meters. A dirt road is located in the 

immediate vicinity of the power plant, which is used only 

seldom by agricultural and forestry vehicles. A road is loca-

ted at a distance of approx. 450 m from the power plant. 

During the measurement, no traffic noise was noticeable. 

Further wind turbines from other operators are located at a 

distance of 1,500 meters. These power plants located 

further away were in operation during the measurement 

period. The immissions were not subjectively noticeable 

during the background noise measurements. The nearest 

residential building is more than 1,000 meters away. The 

measurement was carried out on 15.10.2013 between 

10:30 a.m. and 3 p.m. The microphone at the measurement 

point MP1 was located at a distance of 180 meters in a 

downwind direction from the tower axis, at the measure-

ment point MP2 it was 300 m in a downwind direction. 

The microphone at the measurement point MP3 was also 

positioned at a distance of 300 meters, however at an angle 

of 90° to the downwind direction. A measurement point at 

a distance of 700 meters was not feasible due to the local 

conditions.

The measurement was performed in a wind speed range of 

2 to 12 m/s (measured at 10 m height), a temperature range 

of 9 to 13 °C, an air pressure range of 931 to 934 hPa and in 

a power range of 0 to 2,070 kW. The turbulence intensity 

(see Appendix A3) during the measurement was 25 % and 

thus relatively high.

RESULTS: NARROW BAND LEVEL

Figure 4.4-2 shows the narrow band spectra of background 

noise and overall noise at the measurement point MP1 at a 

distance of 180 m with a resolution of 0.1 Hz. With the 

turbine turned on, several discrete maxima can be clearly 

observed in the infrasound range below 8 Hz. This con-

Figure 4.4-1: Wind turbine WT 3 in surroundings used for agri-
cultural purposes. The measurement point with reverberant pla-
te and dual wind screen can be seen in the foreground. Photo: 
Wölfel company
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cerns infrasound generated by the rotor due to its motion. 

The measured frequencies correspond to the passage fre-

quency of a rotor blade (here about 0.83 Hz) and the asso-

ciated harmonic overtones (2.5 Hz, 3.3 Hz, 4.1 Hz, 5 Hz, 

5.8 Hz). The peaks disappear when the power plant is swit-

ched off, and occur only slightly at a distance of 300 m 

(Figure 4.4-3). The wind speed was 6 m/s during both mea-

surements.

RESULTS: THIRD OCTAVE LEVEL

Figure 4.4-4 shows the third octave spectra of background 

noise and overall noise at the measurement point MP1 at a 

distance of 180 m for the frequency range from 0.8 Hz to 

10,000 Hz. The wind speed was 6 m/s. Here the level re-

duction through switching off the turbine is recognizable 

in a much broader spectral range.
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Figure 4.4-2: Narrow band spectra of background noise and total 
noise in the vicinity of the wind turbine WT 3 for the frequency 
range of infrasound
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Figure 4.4-3: Narrow band spectra of background noise and total 
noise in the far range of the wind turbine WT 3 for the frequency 
range of infrasound
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Figure 4.4-4: Third octave spectra of total noise and background noise in the vicinity of the wind turbine WT 3
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COMPARISON WITH THE PERCEPTION THRESHOLD

Figure 4.4-5 shows the third octave spectra of the total noi-

se at the measurement points MP1, MP2 and MP3 for the 

frequency range from 1 Hz to 100 Hz along with the per-

ception threshold in comparison. The wind speed was 

9 m/s. It must be kept in mind that the background noise 

of wind and vegetation are also included. These may vary 

at the respective measurement point. The measurement 

points MP2 and MP3 are further away from the power 

plant than measurement point MP1 (300 m compared to 

180 m). Measurement point MP3 is offset to the downwind 

direction by 90°. Lower values are thus measured there 

than at measurement point MP2, which is equally far away. 

The measurement point MP2 is also closer to an existing 

nearby road than the measurement points MP1 and MP3, 

which could also be a reason for the slightly higher values. 

In the range of infrasound, the curves are well below the 

perception threshold.

INFLUENCE OF WIND SPEED

In order to investigate the dependency of low-frequency 

emissions on wind speed, numerous readings were recor-

ded and graphically depicted in Figure 4.4-6. The three 

charts represent the relationships at the respective measu-

rement points at the distances 180 m (top), 300 m (centre) 

and 300 m with lateral offset by 90° to the downwind 

direction (bottom). Violet dots, which depict the lower 

curve, represent audible sound, expressed in dB(A). It can 

be clearly seen that at a distance of 180 m (top image) the 

measured A levels are higher than at the measurement 

points at a distance of 300 m from the turbine. The turbine 

was thus also clearly more perceptible at a distance of 

180 m than at a distance of 300 m. The A level first rises 

with increasingly higher wind speed.

The red dots represent the G-weighted sound level when 

the wind power plant is switched on, the green dots when 

the power plant is switched off. Similarly to the A level, it 

can also be seen for the G level that – despite higher scat-

tering – it increases somewhat with increasing wind speed, 

and then remains constant.

The top image shows that at MP1, i.e. in the near field at a 

distance of 180 m from the turbine, the G-weighted sound 

pressure level during operation of wind turbine 3 is signifi-

cantly higher than the background noise when the turbine 

is off. This is far less pronounced at a distance of 300 me-

ters (centre image) and barely detectable at a distance of 

300 meters with 90° offset to the downwind direction 

(bottom image). The red and green dot clusters then over-

lap each other in many areas.

LEVEL DEVELOPMENT DURING THE MEASUREMENT

Figure 4.4-7 shows the A and G-weighted level develop-

ment between 10:15 a.m. and 2:45 p.m. for distances of 

180 m and 300 m. In addition, the operating conditions of 

the wind power plant (green = turbine on, light blue = 

turbine off) as well as periods of extraneous noise (violet) 

are shown. For the two level developments of measure-

ment point MP1, the operational phase "turbine off" is re-

cognisable through the considerably declining level deve-

lopments. At measurement point MP2, the recognisable 

level drop is significantly weaker with the turbine switched 

off due to the fluctuating background noise.
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Figure 4.4-5: Third octave spectra of the total noise at the mea-
surement points MP1 (180 m), MP2 (300 m) and MP3 (300 m, 
offset by 90 °) of wind turbine 3, perception threshold according 
to Table A3-1 for comparison. The measured values were correc-
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Figure 4.4-6: Audible sound level (A level) and infrasound level (G level) depending on the wind speed for the wind turbine WT 3. The 
G levels when the turbine is switched on (red dots) and when the turbine is switched off (green dots) are shown, as are the A levels 
with the turbine switched on (violet dots).
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Figure 4.4-7: Chronological sequence of audible sound level (A level), infrasound level (G level), as well as the wind speed during the 
measurements of the wind turbine WT 3
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4.5 Noise at wind turbine 4: 
REpower 3.2M114 – 3.2 MW

BASIC CONDITIONS

The wind turbine 4 (WT 4) is a unit by the company RE-

power, type 3.2M114 (Figure 4-4) with a nominal generator 

capacity of 3.2 MW. The rotor diameter is 114 m, the hub 

height 143 m.

The measured wind turbine is part of a wind farm with 

several other wind turbines. The adjacent turbines were 

completely turned off during the measurement period in 

order to prevent extraneous noise. The vicinity of the tur-

bine consists of agricultural land. A dirt road in the imme-

diate vicinity of the measured turbine is rarely used by ag-

ricultural traffic. A forest is located further away. Further 

wind turbines were in operation at distances of 0.7 km and 

2 km, in the opposite direction to the measurement points. 

Their noise could not be subjectively perceived at any 

time. The measurements were carried out on 20.03.2014 

between 10:00 a.m. and 9:30 p.m. The position of the mi-

crophone at the measurement point MP1 was at a distance 

of 180 m from the turbine, measurement point MP2 and 

MP3 at a distance of 300 m and measurement point MP4 at 

a distance of 650 m, in a downwind direction respectively, 

in order to take into account the most adverse case (pro-

motion of sound propagation through the wind). The mea-

surement point MP2, located directly next to measurement 

point MP3, served as a comparative measurement point. Its 

microphone was provided with a primary wind screen and 

placed into an approx. 50 cm deep hole that was dug espe-

cially for that purpose. A secondary wind screen covered 

the hole flush. The parallel measurements were taken at 

the measurement points MP2 and MP3 in order to enable 

a comparison of the measurement values and enable con-

clusions to be made regarding wind-induced sound com-

ponents arising at the microphone. The two measurement 

points MP2 and MP3, as well as the measured turbine, can 

be seen in Figure 4.5-1. Figures 4.5-2 to 4.5-5 provide an im-

pression of the conditions on site and the measurement 

technology used.

The measurement was performed in a wind speed range of 

3 to 7 m/s (measured at 10 m height), a temperature range 

Figure 4.5-3: Reverberant plate with mounted microphone and 
dual wind screen. The type DUO measurement device is moun-
ted on a tripod next to it and is connected to the microphone via 
a measuring cable. Photo: LUBW

Figure 4.5-2: View inside the power plant with 143 m hub height. 
Photo: LUBW

Figure 4.5-1 (right): Measurement points MP2 and MP3 at a dis-
tance of 300 m from the tower axis. Reverberant plate and dou-
ble wind screen (left), spanned hole in the ground (right). Photo: 
Wölfel company
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of 15 to 19 °C, an air pressure range of 979 to 981 hPa and 

in a power range of 0 to 3,170 kW. The turbulence intensity 

(see Appendix A3) during the measurement was 15 %.

RESULTS: NARROW BAND LEVEL

Figure 4.5-6 shows the narrow band spectra of background 

noise and overall noise at the measurement point MP1 at a 

distance of 180 m with a resolution of 0.1 Hz. With the 

turbine turned on, clearly visible maxima can be seen in 

the infrasound range. The measured frequencies corres-

pond to the passage frequency of a rotor blade (here appro-

ximately 0.6 Hz) and its harmonic overtones at 1.2 Hz, 

1.8 Hz, 2.4 Hz, 3 Hz, etc. This concerns infrasound genera-

ted by the rotor due to its motion. The peaks disappear 

when the turbine is switched off. Figure 4.5-7 shows the 

narrowband spectra of background noise and total noise at 

the measurement point MP4 at a distance of 650 m. At this 

location the discrete infrasound maxima (see measurement 

point MP1) are still detectable with the wind power plant 

turned on. The recognizable slightly higher levels at mea-

surement point MP4, with frequencies lower than 5 Hz, 

cannot be attributed to turbine operation. The cause for 

Figure 4.5-4: Anemometer mast for measuring wind speed and 
wind direction, air pressure, humidity and temperature. The mast 
is extended to 10 m (not yet extended in the image). Photo: 
LUBW

Figure 4.5-5: Data is constantly collected inside the system du-
ring the measurement and transmitted by radio (left). Photo: 
LUBW
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Figure 4.5-6: Narrow band spectra of background noise and total 
noise in the vicinity of the wind turbine WT 4 for the frequency 
range of infrasound

Figure 4.5-7: Narrow band spectra of background noise and total 
noise in the far range of the wind turbine WT 4 for the frequency 
range of infrasound
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the up to 10 dB higher values is another background noise 

at the measurement point MP4 compared to the measure-

ment point MP1. The wind speed was 5.5 m/s for both 

measurements.

The comparison of narrowband spectra for the two measu-

rement points MP2 and MP3 in Figures 4.5-8 to 4.5-9 shows 

that there is no significant difference between the two 

measurement points for the range of infrasound. The wind 

speed was 5.5 m/s respectively. It can therefore be assumed 

that below 20 Hz neither the absorption of the secondary 

wind screen nor the ground influences play a role. The in-

crease in level towards lower frequencies was present in 

this measurement to an equal extent both with and wit-

hout a hole in the ground. The expected reduction in the 

wind-induced background noise in the infrasound range 

cannot be observed in a direct comparison between the 

two measurement points. Further investigations regarding 

the issue of noise at the microphone induced by the wind 

were thus not deemed necessary.
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Figure 4.5-10: Third octave spectra of total noise and background noise in the vicinity of the wind turbine WT 4
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Figure 4.5-8: Narrowband spectra of the total noise at the mea-
surement points MP2 (reverberant plate) and MP3 (hole in the 
ground) of the wind turbine WT 4 for the range of infrasound. The 
distance from the turbine was 300 m

Figure 4.5-9: Narrowband spectra of the background noise at 
the measurement points MP2 (reverberant plate) and MP3 (hole 
in the ground) of the wind turbine WT 4 for the range of infra-
sound. The distance from the turbine was 300 m.
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RESULTS: THIRD OCTAVE LEVEL

Figure 4.5-10 shows the third octave spectra of background 

noise and overall noise at the measurement point MP1 at a 

distance of 180 m for the frequency range from 0.8 Hz to 

10,000 Hz. The wind speed was 5.5 m/s. Here the level re-

duction through switching off the turbine is recognizable 

in a much broader spectral range.

COMPARISON WITH THE PERCEPTION THRESHOLD

Figure 4.5-11 shows the third octave spectra of the total 

noise at the measurement points MP1, MP2 and MP4 for 

the frequency range from 1 Hz to 100 Hz along with the 

perception threshold in comparison. The wind speed was 

5.5 m/s. It must be kept in mind that the background noise 

of wind and vegetation are also included. These may vary 

at the respective measurement point. The measurement 

points MP2 and MP4 are further away from the turbine 

than MP1 (300 m and 650 m compared to 180 m). This is 

where somewhat lower values are also measured, which 

becomes more apparent with increasing frequency. In the 

range of infrasound, the curves are well below the percep-

tion threshold.

INFLUENCE OF WIND SPEED

In order to investigate the dependency of low-frequency 

emissions on wind speed, numerous readings were recor-

ded and graphically depicted in Figure 4.5-12. The three 

charts represent the relationships at the respective measu-

rement points at the distances 180 m (top), 300 m (centre) 

and 650 m (bottom). Violet dots, which depict the lower 

value area, represent audible sound, expressed in dB(A). It 

can be seen clearly that the measured A levels are higher at 

a distance of 180 m (upper image) than at the measure-

ment points at a distance of 300 m and 650 m from the 

turbine.

The red dots represent the G-weighted sound level when 

the wind turbine is switched on, the green dots when the 

turbine is switched off. The data shows that the G-weigh-

ted sound pressure level of the tested measurement points 

increases slightly during operation of the wind turbine 

with increasing wind speed. For the G-weighted sound 

pressure level of the background noise, no connection can 

be ascertained with the wind speed for the main part of the 

measuring period. However, the readings are also in a simi-

lar order with the turbine switched off due to strongly fluc-

tuating wind conditions (gusts, turbulence). Lower levels 

were observed for the background noise merely for a late, 

roughly 30-minute measurement period from 8:50 p.m. on-

wards. During this period, the mean normalized wind 

speed was relatively constant at 5.5 m/s.

LEVEL DEVELOPMENT DURING THE MEASUREMENT

Figure 4.5-13 shows the A and G-weighted level develop-

ment between 4:00 p.m. and 9.00 p.m. for the distances of 

180 m and 650 m. In addition, the operating conditions of 

the wind power plant (green = turbine on, light blue = 

turbine off) as well as periods of extraneous noise (violet) 

are shown. For the two level developments of measure-

ment point MP1, the operational phase "turbine off" is re-

cognisable through the considerably declining level deve-

lopments. A level drop is also evident with the turbine 

switched off at measurement point MP3.
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Figure 4.5-11: Third octave spectra of total noise at the measure-
ment points MP1 (180 m), MP2 (300 m) and MP4 (650 m) of 
WT 4, with the perception threshold according to Table A3-1 in 
comparison. The measured values were corrected according to 
Section 4.1.
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Figure 4.5-12: Audible sound level (A level) and infrasound level (G level) depending on the wind speed for the wind turbine WT 4. 
The G levels when the turbine is switched on (red dots) and when the turbine is switched off (green dots) are shown, as are the A 
levels with the turbine switched on (violet dots).
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Figure 4.5-13: Chronological sequence of audible sound level (A level), infrasound level (G level), as well as the wind speed during 
the measurements at wind turbine WT 4
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4.6 Noise at wind turbine 5: 
Nordex N117 – 2.4 MW 

BASIC CONDITIONS

The wind turbine 5 (WT 5) is a unit by the company Nor-

dex, type N117/2400, with a nominal generator capacity of 

2.4 MW (Figure 4-3 and 4.6-1). The rotor diameter is 117 m, 

the hub height above ground is 140.6 m.

The measured turbine is part of a wind farm with several 

wind turbines. The adjacent turbines were completely tur-

ned off during the measurement period in order to prevent 

extraneous noise. The vicinity of the turbine consists of 

agricultural land. A dirt road is located in the immediate 

vicinity of the turbine, which is used only very seldom by 

agricultural and forestry vehicles. A district road is located 

about 400 meters south of the investigated wind power 

plant, and another road roughly 1,000 m east. During the 

measurement, no traffic noise was subjectively perceptible. 

A forest is located further away. The measurements were 

carried out on 13.01.2015 between 11:00 a.m. and 4:00 p.m. 

The microphone position of the measurement point MP1 

was 185 meters from the turbine, the measurement point 

MP2 300 m and the measurement points MP3 and MP4 

each 650 m from the turbine. All measurement points were 

located in a downwind direction in order to take into ac-

count a generally unfavourable situation (promotion of 

sound propagation through the wind). The measurement 

points MP3 and MP4 were immediately next to one ano-

ther and served as a comparison. The microphone MP3 was 

provided with a primary wind screen and placed into an 

approx. 50 cm deep hole that was dug especially for that 

purpose. A secondary wind screen covered the hole flush. 

The parallel measurements were taken at the measurement 

points MP3 and MP4 in order to enable a comparison of 

the levels and allow conclusions to be made regarding 

wind-induced sound components arising at the micropho-

ne.

The measurement was performed in a wind speed range of 

5 to 12 m/s (measured at 10 m height), a temperature range 

of 10 to 13 °C, an air pressure range of 975 to 979 hPa and 

in a power range of 0 to 2,400 kW. The turbulence intensi-

ty (see Appendix A3) during the measurement was 13 %.

RESULTS: NARROW BAND LEVEL

Figures 4.6-2 to 4.6-5 show narrow band spectra of back-

ground noise and total noise for different measurement 

locations with a resolution of 0.1 Hz. The wind speed was 

7.6 m/s during the measurement of the total noise and 

6.9 m/s during the measurement of the background noise.

Figure 4.6-2 shows the results of measurement point MP1 

at a distance of 185 m. With the turbine turned on, several 

discrete maxima can be seen in the infrasound range below 

6 Hz. This concerns infrasound generated by the rotor due 

to its motion. The measured frequencies correspond to the 

passage frequency of a rotor blade of about 0.6 Hz and its 

harmonized overtones at 1.2 Hz, 1.7 Hz, 2.3 Hz, 2.9 Hz, 

3.5 Hz, 3.9 Hz, etc. The peaks disappear when the turbine 

is switched off.

Figure 4.6-3 shows the narrow band spectra of background 

noise and overall noise at the measurement point MP4 at a 

distance of 650 m. At this distance, the infrasound maxima 
Figure 4.6-1: Wind turbine WT 5 in surroundings used for agri-
cultural purposes. In the foreground you can see the 10 m high 
wind measurement mast. Photo: Wölfel company
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of measurement point MP1 with the wind turbine swit-

ched on can no longer be distinguished. Between the states 

"turbine on" and "turbine off" there were only minor diffe-

rences in infrasound for this measurement at a distance of 

650 m. The infrasound here was primarily due to the 

sounds of wind and from the surroundings. The compari-

son of the narrowband spectra for the two measurement 

points MP3 (hole in the ground) and MP4 (reverberant 

plate) at a distance of 650 meters in Figures 4.6-4 to 4.6-5 

illustrates that in the infrasound range there is generally no 

significant difference between the two measurement 

points. Only at frequencies between 2 Hz and 8 Hz did the 

measurements in the hole in the ground show slightly hig-

her levels. Neither the absorption of the secondary wind 

screen nor the ground influence appear to be of signifi-

cance below 20 Hz. The increase in level towards lower 

Linear sound level in dB

Frequency in Hz

6420 18161412108 242220

0

10

20

30

50

80

70

40

60

Total noise

MP1 / 185 m

Background noise

Linear sound level in dB

Frequency in Hz

6420 18161412108 242220

0

10

20

30

50

80

70

40

60

MP3 - hole in the ground

Total noise

MP4 - reverberant plate

Linear sound level in dB

Frequency in Hz

6420 18161412108 242220

0

10

20

30

50

80

70

40

60

Total noiseBackground noise

MP4 / 650 m

Linear sound level in dB

Frequency in Hz

6420 18161412108 242220

0

10

20

30

50

80

70

40

60

MP3 - hole in the ground

Background noise

MP4 - reverberant plate

Figure 4.6-2: Narrow band spectra of background noise and total 
noise in the vicinity of wind turbine WT 5 for the frequency range 
of infrasound

Figure 4.6-4: Narrowband spectra of the total noise at the mea-
surement points MP4 (reverberant plate) and MP3 (hole in the 
ground) of the wind turbine WT 5 for the range of infrasound. The 
distance from the turbine was 650 m.

Figure 4.6-3: Narrow band spectra of background noise and total 
noise in the far range of wind turbine WT 5 for the frequency 
range of infrasound

Figure 4.6-5: Narrowband spectra of the background noise at 
the measurement points MP4 (reverberant plate) and MP3 (hole 
in the ground) of the wind turbine WT 5 for the range of infra-
sound. The distance from the turbine was 650 m.
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frequencies was present during this measurement with and 

without the hole in the ground. The expected reduction in 

the wind-induced background noise in the infrasound ran-

ge cannot be observed in a direct comparison between the 

two measurement points (see also Section 4.5).

RESULTS: THIRD OCTAVE LEVEL

Figure 4.6-6 shows the third octave spectra of background 

noise and overall noise at the measurement point MP1 at a 

distance of 185 m for the frequency range from 0.8 Hz to 

10,000 Hz. The wind speed was 5.5 m/s. The influence of 

the turbine in a much broader spectral range can be recog-

nised here.

COMPARISON WITH THE PERCEPTION THRESHOLD

Figure 4.6-7 shows the third octave spectra of the total noi-

se at the measurement points MP1, MP2 and MP4 for the 

frequency range from 1 Hz to 100 Hz along with the per-

ception threshold in comparison. The wind speed was 

7 m/s. It must be kept in mind that the background noise 

(wind, vegetation) is also included. This may vary at the 

respective measurement points. The measurement points 

MP2 and MP4 were further away from the turbine than 

measurement point MP1 (300 m and 650 m compared to 

185 m). As expected, somewhat lower values were measu-

red there, which becomes more apparent with increasing 

frequency. In the range of infrasound, the curves are well 

below the perception threshold.

INFLUENCE OF WIND SPEED

In order to investigate the dependency of low-frequency 

emissions on wind speed, numerous readings were recor-

ded and graphically depicted in Figure 4.6-8. The three 
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Figure 4.6-7: Third octave spectra of total noise at the measure-
ment points MP1 (185 m), MP2 (300 m) and MP4 (650 m) of 
WT 5, with the perception threshold according to Table A3-1 in 
comparison. The measured values were corrected according to 
Section 4.1. 
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Figure 4.6-6: Third octave spectra of total noise and background noise in the vicinity of wind turbine WT 5
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Figure 4.6-8: Audible sound level (A level) and infrasound level (G level) depending on the wind speed for the wind turbine WT 5. The 
G levels when the turbine is switched on (red dots) and when the turbine is switched off (green dots) are shown, as are the A levels 
with the turbine switched on (violet dots).
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charts represent the relationships at the measurement 

points MP1 (185 m), MP2 (300 m) and MP4 (650 m).

The violet dots represent audible sound, expressed in 

dB(A). It is clearly visible that the measured A levels are 

higher close to the turbine than at the measurement points 

that are further away. The red dots represent the G-weigh-

ted sound level when the turbine is switched on, the green 

dots when the turbine is switched off. The figure shows 

that the G-weighted sound pressure levels at the measure-

ment points examined during operation and standstill of 

the WT have no significant connection with the increase in 

wind speed. This fairly constant level curve can also be se-

en in the A-weighted level development. At measurement 

point MP1, a significantly increased mean G level can be 

seen during operation of the wind turbine compared to 

turbine standstill. As expected, the level difference bet-

ween the states "turbine on" and "turbine off" decreases 
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Figure 4.6-9: Chronological sequence of audible sound level (A level), infrasound level (G level), as well as the wind speed during the 
measurements of the wind turbine WT 5
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with increasing distance. The A level also drops from valu-

es greater than 50 dB(A) at measurement point MP1 to 

values of around 40 dB(A) at measurement point MP4.

LEVEL DEVELOPMENT DURING THE MEASUREMENT

Figure 4.6-9 shows the A and G-weighted level develop-

ments between 11:00 a.m. and 5:30 p.m. for distances of 

185 m and 650 m. In addition, the operating conditions of 

the wind power plant (green = turbine on, light blue = 

turbine off) as well as periods of extraneous noise (violet) 

are shown. For the two level developments of measure-

ment point MP1, the operational phase "turbine off" is re-

cognisable through the considerably declining level deve-

lopments. At measurement point MP4, a level drop with 

the turbine switched off due to the fluctuating background 

noise is only slightly recognisable.

4.7 Noise at wind turbine 6: 
Enercon E-101 – 3.05 MW

BASIC CONDITIONS

The wind turbine 6 (WT 6) is a unit by the company Ener-

con, type E-101 (Figure 4-6) with a nominal generator capa-

city of 3.05 MW. The rotor diameter is 101 m, the hub 

height above ground is 135.4 m.

The measured turbine is part of a wind farm with several 

wind turbines. The adjacent turbines were completely tur-

ned off during the measurement period in order to prevent 

extraneous noise. The nearest other turbine that was in 

operation during the measurement period was located at a 

distance of approx. 850 m and was subjectively not percep-

tible over the entire measuring period. The vicinity of the 

turbine consists primarily of agricultural land. A dirt road is 

located in the immediate vicinity of the turbine, which is 

used only very seldom by agricultural and forestry vehicles. 

A state road is located at a distance of approx. 480 m east-

ward of the examined wind power plant. During the mea-

surement, only occasionally traffic noise was perceptible. 

The measurements were carried out on 15.01.2015 between 

12:00 p.m. and 3:00 p.m. The position of the microphone at 

the measurement point MP1 was located at a distance of 

192 m from the turbine; the measurement point MP2 at a 

distance of 305 m and the measurement point MP3 at a 

distance of 705 m. The measurement points were each in a 

downwind direction in order to take into account the ge-

nerally most unfavourable situation (promotion of sound 

propagation through the wind). The measurement point 

MP1 and the measured turbine can be seen in Figure 4.7-1.

The measurement was performed in a wind speed range of 

2.8 mm/s to 9.9 m/s (measured at 10 m height), a tempera-

ture range of 6 °C to 7 °C, an air pressure range of 954 hPa 

to 956 hPa and in a power range of 0 to 3,050 kW. The 

turbulence intensity (see Appendix A3) during the measu-

rement was 14 %.

Figure 4.7-1: Wind turbine WT 6 in surroundings used for agricul-
tural purposes. The measurement point MP1 with reverberant 
plate and dual wind screen can be seen in the foreground. Photo: 
Wölfel company
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RESULTS: NARROW BAND LEVEL

Figures 4.7-2 to 4.7-3 show the established narrow band 

spectra for the operation of WT 6 with a mean wind speed 

of approximately 5.6 m/s at a height of 10 m. Clearly visible 

maxima can be seen at the measurement points MP1 and 

MP2. The measured frequencies correspond to the passage 

frequency of a rotor blade (here approx. 0.7 Hz) and the 

harmonic overtones at 1.4 Hz, 2.1 Hz und 2.8 Hz. This con-

cerns infrasound generated by the rotor due to its motion. 

The peaks disappear when the turbine is switched off. At 

the measurement point MP3 at a distance of 705 m (not 

pictured), the mentioned maxima no longer occur so clear-

ly. The level maximum at approx. 20 Hz is striking, which 

is clearly visible at all measurement points. However, it is 

highly likely that this is not attributable to the wind turbi-

ne, as it is also evident in the background noise.
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Figure 4.7-2: Narrow band spectra of background noise and total 
noise in the vicinity of wind turbine WT 6 for the frequency range 
of infrasound

Figure 4.7-3: Narrow band spectra of background noise and total 
noise in the far range of wind turbine WT 6 for the frequency 
range of infrasound 
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Figure 4.7-4: Third octave spectra of total noise and background noise in the vicinity of wind turbine WT 6
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RESULTS: THIRD OCTAVE LEVEL

Figure 4.7-4 shows the third octave spectra of background 

noise and overall noise at the measurement point MP1 at a 

distance of 192 m for the frequency range from 0.8 Hz to 

10,000 Hz. The wind speed was 5.6 m/s. The level reduc-

tion through switching off the turbine in a clearly broader 

spectral range can be seen.

COMPARISON WITH THE PERCEPTION THRESHOLD

Figure 4.7-5 shows a comparison of the three measurement 

points for the low-frequency range from 1 Hz to 100 Hz. It 

must be noted that the background noise (wind, vegetati-

on) is also included. This may vary at the respective measu-

rement point. The wind speed at 10 m height during the 

averaging period was on average 5.6 m/s. At all measure-

ment points, the ascertained levels were below the percep-

tion threshold at frequencies lower than 30 Hz. The levels 

in the area of infrasound fell clearly below the perception 

threshold.

INFLUENCE OF WIND SPEED

In order to investigate the dependency of low-frequency 

emissions on wind speed, numerous readings were recor-

ded and graphically depicted in Figure 4.7-6. The three 

charts represent the relationships at the measurement 

points at the distances 192 m, 305 m and 705 m.

The violet dots, which depict the lower value area, repre-

sent audible sound, expressed in dB(A). It can be seen 

clearly that the measured A levels are higher at a distance 

of 192 m (upper image) than at the measurement points 

further away. The A level at first increases with increasing 

wind speed.

The red dots represent the G-weighted sound level when 

the wind turbine is switched on, the green dots when the 

turbine is switched off. Similarly to the A level, it can also 

be seen for the G level that – despite higher scattering – it 

somewhat increases with increasing wind speed, and then 

remains constant (measurement point MP1).

The image above shows that at MP1, i.e. in the near field at 

a distance of 192 m from the turbine, the G-weighted 

sound pressure level during operation of WT 6 is signifi-

cantly higher than the background noise when the turbine 

is off. This is much less pronounced at a distance of 305 m 

(centre image).

LEVEL DEVELOPMENT DURING THE MEASUREMENT

Figure 4.7-7 shows the A and G-weighted level develop-

ment between 12:40 p.m. and 2:40 p.m. for the distances of 

192 m and 705 m. In addition, the operating conditions of 

the wind power plant (green = turbine on, light blue = 

turbine off) as well as periods of extraneous noise (violet) 

are shown. For the two level developments of measure-

ment point MP1, the operational phase "turbine off" is ea-

sily recognisable through the considerably declining level 

developments. At measurement point MP3, a level drop 

with the turbine switched off due to the fluctuating back-

ground noise is hardly recognisable.
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Figure 4.7-5: Third octave spectra of total noise at the measure-
ment points MP1 (192 m), MP2 (305 m) and MP3 (705 m) of 
WT 6, with the perception threshold according to Table A3-1 in 
comparison. The measured values were corrected according to 
Section 4.1.
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Figure 4.7-6: Audible sound level (A level) and infrasound level (G level) depending on the wind speed for the wind turbine WT 6. The 
G levels when the turbine is switched on (red dots) and when the turbine is switched off (green dots) are shown, as are the A levels 
with the turbine switched on (violet dots).
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Figure 4.7-7: Chronological sequence of audible sound level (A level), infrasound level (G level), as well as the wind speed during the 
measurements of the wind turbine WT 6
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4.8 Vibrations at wind turbine 5: 
Nordex N117 – 2.4 MW

In order to determine a possible influence of the wind po-

wer plant on the surrounding area through vibration emis-

sions, tremor measurements were carried out in addition to 

the sound assessments in the surrounding areas of wind 

turbine 5 (WT 5). The execution and analysis of the mea-

surements was carried out in accordance with DIN 45669 

[12] and DIN 4150 [13].

BASIC CONDITIONS

Wind turbine 5 (WT 5) is a unit by the company Nordex, 

type N117/2400, with a nominal generator capacity of 2.4 

MW (see Figure 4.6-1). The rotor diameter is 117 m, the 

hub height above ground is 140.6 m. The following is 

known about the building ground of the power plant: Up 

to a depth of 7 m there is cohesive ground (loam, weathe-

ring clay), which is judged to be not stable enough for the 

foundation of the power plant. Only after a depth of ap-

prox. 7 m is there Keuper rock, meaning that the foundati-

on of the building structure or the load transfer has to be 

in this layer. It is not known whether this was accomplis-

hed with a pile foundation or a different procedure.

The vibration measurement was carried out in all three 

spatial directions with the help of vibration sensors. The x 

axis was radially aligned to the tower, the y axis tangentially 

and z axis vertically aligned. Measurements were taken at 

the same time at the following locations:

– MP A directly at the tower near the outer wall of the 

wind turbine on concrete, see Figure 4.8-1

– MP B at a distance of 32 m from the WT’s exterior wall 

on a ground spike

– MP C at a distance of 64 m from the WT’s exterior wall 

on a ground spike

– MP D at a distance of approx. 285 m from the WT’s 

exterior wall on a ground spike, see Figure 4.8-2

For the connection of the sensors by means of ground 

spikes to the ground, holes with a diameter of approxi-

mately 50 cm and a depth of 20 cm to 40 cm were dug into 

the ground.

The following operational states were registered during the 

measuring time:

– Operation of a wind turbine at wind speeds between 

approx. 6 and 12 m/s at a height of 10 m

– Switching off and subsequent restarting of the turbine

– Standstill of all wind power plants in the wind farm 

During the measurement the wind turbine reached the 

maximum possible speeds starting from wind speeds of 

6.6 m/s. Even at higher wind speeds no higher rotational 

speeds of the turbine are to be expected.

RESULTS

During the operation of the wind turbine, fluctuations in 

the signals were repeatedly seen, in particular at measure-

ment point MP A directly by the tower. These can be attri-

buted to individual gusts of wind. At the measurement 

points located farther away, these effects are less pro-

nounced. A direct link between the changes in wind speed 

in the range of 6 to a maximum of 12 m/s and the vibrations 

in the ground cannot be seen. Table 4.8-1 shows the ascer-

Figure 4.8-2: Vibration measurement point MP D on ground 
spike at a distance of 285 m from WT 5. Photo: Wölfel company 

Figure 4.8-1: Vibration measurement point MP A at the tower 
foundation of WT 5. Photo: Wölfel company

EXHIBIT A5-1

Page 50 of 104 
014844



© LUBW Low-frequency noise incl. infrasound – Report on the measurement project 51

tained maximum values of the unweighted vibration velo-

cities v in mm/s for the different measurement points with 

uniform full load operation of the turbine. In the horizon-

tal measurement directions the one with the highest value 

is stated; this was usually the x direction (radial, towards 

the tower).

Decreasing vibration velocity over the distance is shown 

graphically in Figure 4.8-3. At the measurement point 

MP D at a distance of 285 m, the influence of the wind 

turbines is barely perceptible. For comparison, the spread 

calculated in accordance with [13] is also shown. When 

shutting down or restarting the turbine, the vibration level 

changes only slightly, see Figure 4.8-4.

The evaluation of vibrational immissions with respect to 

possible exposure of people in buildings is carried out on 

the basis of DIN 4150 Part 2 [13]. The essential base para-

meter of this standard is the weighted vibration severity 

KBF(t). This is also an indication of the ability to sense 

vibrational effects. The perception threshold for most peo-

ple lies in the area between KBF = 0.1 and KBF = 0.2. The 

KBF value of 0.1 corresponds to an unweighted vibration 

velocity of approx. 0.15 to 0.30 mm/s. During the transition 

of tremors from the ground to building foundations there 

is usually a reduction of the vibration amplitudes. Accor-

ding to DIN 4150 Part 1, a factor of 0.5 should be taken. In 

the building itself, there may be an amplification, particu-

larly if the excitation frequency is in the range of the 

ceiling’s natural frequency. However, it is not expected that 

the effects established at the measurement point MP D 

could actually reach the level of the reference values accor-

ding to DIN 4150 Part 2 in a building, since this would re-

quire an amplification by more than a factor of 20 within 

the building. At measurement point MP D at a distance of 

285 m, mainly frequencies below 10 Hz were established, 

as shown in Figure 4.8-5. In contrast, the natural frequenci-

es for concrete ceilings in residential buildings are normally 

approx. 15 Hz to 35 Hz. For beamed ceilings, the natural 

frequencies are lower and can drop to approx. 10 Hz. Reso-

nance excitation of the building ceilings can therefore not 

be expected.

CONCLUSION

The ground vibrations emanating from wind turbines can 

be detected by measurement. Already at a distance of less 

than 300 m from the turbine, they have dropped so far that 

they can no longer be differentiated from the permanently 

present background noise. No relevant vibrational effects 

can be expected at residential buildings.

Figure 4.8-3: Comparison of prediction formula for [13] with the 
measured values

Table 4.8-1: Maximum values of the unweighted vibration velocities v in mm/s at the measurement points. The wind speeds mea-
sured at 10 m above ground level were between about 6 and 12 m/s.

MP A, at the tower MP B, 32 m distance MP C, 64 m distance MP D, 285 m distance

z x, y z x, y z x, y z x, y

Turbine on 0.5 - 1.0 0.30 0.03 0.08 0.02 0.04 < 0.01 0.01

Turbine off 0.04 0.03 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Vibration velocity in mm/s
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Figure 4.8-4: Representation of the decreasing vibration after shutdown of the wind turbine 5 for all measurement points and direc-
tions. From top to bottom: Measurement points MP A to MP D; left to right: Spatial directions z, x and y. The shutdown of the turbine 
followed at 12:32 p.m. – Note the different scale of the vibration velocity at the measurement point MP A (foundation, top row).
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Figure 4.8-5: Representation of the frequency spectrum of the vibrations with uniform operation of the wind turbine 5 for all measu-
rement points and directions. The measurement was taken at 11:12 a.m. at a wind speed of approx. 8 m/s at a height of 10 m. From 
top to bottom: Measurement points MP A to MP D; left to right: Spatial directions z, x and y. – Note the different scale of the vibra-
tion velocity at the measurement point MP A (foundation, top row).
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4.9 Measurement results from literature

In the following a few previously available, publicly acces-

sible measurement results about infrasound and low-fre-

quency noise at wind turbines shall be briefly discussed. 

Overall, the amount of available worldwide publications 

on this issue is modest but not low. The publications pre-

sented here partially refer to many other references. In this 

selection we have aimed to introduce German-speaking 

publications (Mecklenburg-Western Pomerania, Bavaria) as 

well as important European (Denmark) and international 

(Australia) studies and measurement programmes. Howe-

ver, the report at hand is no literature study, meaning that 

a restriction is necessary.

MECKLENBURG-WESTERN POMERANIA

The company Kötter Consulting, Rheine, carried out emis-

sions and immissions measurements in 2005 and 2009 on 

behalf of the Federal State of Mecklenburg-Western Pome-

rania, State Office for the Environment, Nature Conserva-

tion and Geotechnology (LUNG) at a wind farm that con-

tained a total of 14 turbines. The report is publicly 

available [14]. In summary, the authors come to the fol-

lowing conclusions:

 � "The results of the emission measurement [...] show 

that at frequencies in the infrasound range at f < 10 Hz, 

the individual operating states cannot be distinguished 

from one another. Moreover, the dispersion of the 

sound pressure level is high." See Figure 4.9-1.

 � "In terms of emissions, however, the different operating 

states in the low-frequency range (16 Hz < f < 60 Hz) 

are metrologically detectable, whereas at the immission 

location, the turbine noise is indistingui shable from 

background noise."

 � "The results of immission measurements show [...] that 

the reference values for the evaluation of low-frequen-

cy noise according to Supplement 1 of DIN 45680 [4] 

[...] are also complied with."

 � "In terms of immissions, no noteworthy difference is 

perceivable between the operating state ‚all WT on‘ 

and background noise. The readings are clearly below 

the hearing threshold level curve in the infrasound 

range." See Figure 4.9-2.

Figure 4.9-1: Chronological sequence of level at the emission 
location (outside) near the turbine. The lower, magenta curve re-
presents the sequence of the A-weighted audible noise level. 
The clearly identifiable gradual decrease in the sound level corre-
lates with the various operating states (far left all turbines on, 
then two turbines off, then all turbines off). At the end, the 
A-weighted sound level increases again when all turbines are 
turned on (far right). Remarkably, the 8 Hz infrasound level hardly 
changes at all (blue, greater scattering of dots). The measure-
ment report also includes illustrations for 20 Hz and 63 Hz; with 
these low frequencies, the operating conditions could be regis-
tered in the near field. Source: [14], Figure 9, page 24, details 
added.

Figure 4.9-2: Immission: Display of lower frequency levels sub-
ject to third octave frequency within a residential building at a 
distance of 600 m. No significant difference can be seen bet-
ween the operating states "all WT on" and the background noise. 
The readings are clearly below the hearing threshold curve in the 
infrasound range. Source: [14], Figure 21, page 33

Linear third octave level in dBSound level in dB or dB(A)
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BAVARIA

The Bavarian State Office for the Environment (LfU) car-

ried out a long-term noise immission measurement from 

1998 to 1999 at a 1 MW wind turbine of the type Nordex 

N54 in Wiggensbach near Kempten. Table 4.9-1 and 

Figure 4.9-3 show the main results. The study concludes 

that "the noise emissions of the wind turbine in the infra-

sound range are well below the perception threshold of 

humans and therefore lead to no burden". Furthermore, it 

was found that the infrasound caused by the wind is signi-

ficantly stronger than the infrasound generated by the 

wind turbine alone [15] [16].

DENMARK

A Danish study from 2010 [17], in which data from almost 

50 wind turbines with outputs between 80 kW and 

3.6 MW was evaluated, comes to the following conclusion: 

"Wind power plants do certainly emit infrasound, but the 

levels are low when taking into account the human sensiti-

vity to such frequencies. Even close up to the wind power 

plants, the sound pressure level is far below the normal 

auditory threshold, and the infrasound is therefore not se-

en as a problem for wind power plants of the same type 

and size as the ones examined" [15]. Further international 

publications on the issue are quoted in the study.

AUSTRALIA

In 2013 the Enviroment Protection Authorithy South Aus-

tralia and the engineering company Resonate Acoustics 

published the study "Infrasound levels near windfarms and 

in other environments" [18]. The study includes results of 

measurements taken both outside as well as indoors. The 

measurement points were in close proximity to windparks 

and in regions without wind power plants. 

In summary, it was stated that the measured infrasound 

expositions, which were measured in close proximity to 

windfarms in residential buildings, correspond to the levels 

determined in comparable regions without wind power 

plants. The lowest infrasound levels determined in the 

measuring project were registered in a house standing in 

the proximity of a wind park. 

The infrasound levels in close proximity to wind power 

plants are not higher than in other urban and rural regions, 

in which the contribution of wind power plants is negligi-

ble, compared to the background level of infrasound in 

those areas.

Table 4.9-1: Infrasound level at a distance of 250 m from a 1 MW wind turbine with different wind velocities. Source: [15]

Wind velocity

Linear third octave level in dB 
with a third octave centre frequency of

8 Hz 10 Hz 12.5 Hz 16 Hz 20 Hz

6 m/s  Breeze, the measured sound comes primarily from the 
wind turbine 58 55 54 52 53

15 m/s  Strong to stormy wind, the measured sound comes 
primarily from the wind 75 74 73 72 70

Figure 4.9-3: The examined wind turbine causes sound waves 
that can be heard only above 40 Hz by a person standing on a 
balcony at a distance of 250 m. The infrasound range is not per-
ceptible, since it lies clearly below the perception threshold. 
Source: [15]
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Quotation: "It is clear from the results that the infrasound 

levels measured at the two residential locations near wind 

farms (Location 8 near the Bluff Wind Farm and Loca-

tion 9 near Clements Gap Wind Farm) are within the ran-

ge of infrasound levels measured at comparable locations 

away from wind farms. Of particular note, the results at one 

of the houses near a wind farm (Location 8) are the lowest 

infrasound levels measured at any of the 11 locations 

included in this study. This study concludes that the level 

of infrasound at houses near the wind turbines assessed is 

no greater than that experienced in other urban and rural 

environments, and that the contribution of wind turbines 

to the measured infrasound levels is insignificant in compa-

rison with the background level of infrasound in the envi-

ronment". [18]

EXHIBIT A5-1

Page 56 of 104 
014850



© LUBW Low-frequency noise incl. infrasound – Report on the measurement project 57

4.10 Conclusion of the measurements at 
wind turbines

 � The low-frequency noise including infrasound measu-

red in the vicinity of wind turbines consists of three 

parts: 1. Turbine noise; 2. Noise that results from the 

wind in the surrounding area; 3. Noise that is induced at 

the microphone by the wind. Wind always has to be 

considered as an interference factor (extraneous noise) 

when determining the turbine noise. The measured va-

lues are subject to a wide spread.

 � The infrasound being emanated from wind turbines can 

generally be measured well in the direct vicinity. Below 

8 Hz discrete lines appear in the frequency spectrum as 

expected, which are attributable to the constant move-

ment of the individual rotor blades.

 � At a distance of 700 m from the wind turbines, it was 

observed that when the turbine is switched on, the mea-

sured infrasound level did not increase notably or only 

increase to a limited extent. The infrasound was genera-

ted mainly by the wind and not by the wind turbines.

 � The measured infrasound levels (G levels) at a distance 

of approx. 150 m from the turbine were between 55 and 

80 dB(G) with the turbine running. With the turbine 

switched off, they were between 50 and 75 dB(G). At 

distances of 650 to 700 m, the G levels were between 55 

and 75 dB(G) with the turbine switched on as well as 

off. A cause for the spread of the values is the strongly 

varying proportions of noise, which are caused by the 

wind (Table 2-1).

 � For the measurements carried out even at close range, 

the infrasound levels in the vicinity of wind turbines – 

at distances between 150 and 300 m – were well below 

the threshold of what humans can perceive in ac-

cordance with DIN 45680 (2013 Draft) [5] or Table A3-1.

 � The vibrations caused by the wind turbine being exami-

ned were already minimal at a distance of less than 

300 m. At distances as prescribed for reasons of noise 

pollution protection, no exposures that exceed the per-

vasive background noise are to be expected at residenti-

al buildings.

 � The results of this measurement project comply with 

the results of similar investigations on a national and 

international level.

Table 4-11: Tabular representation summing up the first measured values (infrasound and low-frequency noise) at wind turbines. The 
measured values were frequently subject to substantial fluctuations and always also contain wind noises. Since the measurements 
were carried out with a reverberant plate, a correction took place (see. Section 4.1).

Wind turbine (WT) 
 
 

Section 
 
 

G-weighted level
in dB(G) 

 
WT on / off

Infrasound third octave 
level  ≤ 20 Hz in dB * 

 
WT on

Low-frequency third octave 
level 25-80 Hz in dB * 

 
WT on

WT 1 – 700 m 
 – 150 m 4.2 55-75 / 50-75 

65-75 / 50-70
– 

55-70
– 

50-55

WT 2 – 240 m 
 – 120 m 4.3 60-75 / 60-75 

60-80 / 60-75
– 

60-75
– 

50-55

WT 3 – 300 m 
 – 180 m 4.4 55-80 / 50-75 

55-75 / 50-75
– 

50-70
– 

45-50

WT 4 – 650 m 
 – 180 m 4.5 50-65 / 50-65 

55-65 / 50-65
– 

45-55
– 

40-45

WT 5 – 650 m 
 – 185 m 4.6 60-70 / 55-65 

60-70 / 55-65
– 

50-65
– 

45-50

WT 6 – 705 m 
 – 192 m 4.7 55-65 / 55-60 

60-75 / 55-65
– 

55-65
– 

45-50

*  Linear third octave level in dB(Z)
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5	 Traffic
Within the context of the measurement project, not only 

wind turbines but also other sources of low-frequency 

sound incl. infrasound were to be examined. An obvious 

choice was to investigate the pretty-much ubiquitous road 

traffic. For this purpose, measurements was carried out at a 

road in Würzburg (by the company Wölfel) as well as at 

the federal motorway A5 south of Karlsruhe (by the 

LUBW). In addition, data from the inner-city continuous 

traffic noise measuring stations of the LUBW in Karlsruhe 

and Reutlingen was used, in order to assess the recorded 

data with respect to low-frequency noise incl. infrasound. 

The conditions were selected in such a way that neither 

wind noises in the vicinity nor wind-induced noises at the 

microphones arose, which can cause problems during the 

measurements at the wind turbines (see Section 4). The 

results represented in the following are therefore to be cau-

sally attributed to road traffic.

5.1 Inner-city roads – measurement 
in Würzburg 

At the immission location of Rottendorfer Strasse in Würz-

burg it was possible to carry out the noise level measure-

ments with a special focus on low-frequency noise and inf-

rasound inside as well as outside of a residential building. 

The measurement point is predominantly in the direct 

sphere of influence of Rottendorfer Strasse, but also within 

the sphere of the federal road B 19, which leads from Bad 

Mergentheim to Würzburg, as well as the railway line 

Würzburg-Lauda (Figure 5.1-1). However, at the immission 

location, the noise from the road traffic on the Rottendor-

fer Strasse dominates (Figure 5.1-2), with an average traffic 

volume of 13,971 motor vehicles in 24 hours with a propor-

tion of heavy goods traffic of approx. 3 % (data from the 

2012 traffic survey).

Figure 5.1-1: Layout plan showing the immission location at Rottendorfer Strasse, Würzburg. Source: www.openstreetmap.org
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A situation as can be found in many places was specifically 

selected. At measurement points with very high volumes 

of traffic and the thus associated traffic noise, the audible 

noise level is prioritised; this can already lead to situations 

that are a nuisance and possibly also harmful environmen-

tal effects. The low-frequency noise, incl. its share of infra-

sound, eminating from the road traffic could be measured 

without any disturbing wind noises. The measured levels 

are characteristic for the noise situation in the residential 

area. 

The sound pressure level up to a lower threshold frequen-

cy of 1 Hz was measured at one measurement point in the 

open and one measurement point in a residential building. 

For the evaluation of the low-frequency effects, evaluations 

according to DIN 45680 (2013 draft) [5] were carried out 

for the measurement point within the building.

The execution of the measurement took place at two 

measuring locations. Measurement point MP1 was selected 

in accordance with DIN 45645 (1996) [8] and – in the same 

manner as the measurements at the wind turbines – with 

reverberant plate on the ground of the balcony facing the 

road. A second measurement point MP2 was located within 

the building in accordance with DIN 45680 (March 1997) 

[4]. The measurement was carried out as an observed mea-

surement. The fully furnished and inhabited flat was not 

used during the measuring time. The size of the room was 

approx. 7.6 m x 4.3 m x 2.5 m. An informatively comparati-

ve measurement was carried out at a third measurement 

point located directly on the façade at the height of the 

windows. The third octave levels on the façade in the range 

below 25 Hz are between 0 and 3 dB lower than the third 

octave level on the floor of the balcony. Within the range 

between 25 Hz and 80 Hz, the third octave levels directly 

at the façade are up to 6 dB lower than the third octave 

levels on the floor of the balcony. In the frequency range 

above 100 Hz, on the other hand, they are 0 to 3 dB higher 

than the third octave levels on the floor of the balcony. The 

measuring data presented here for the floor of the balcony 

was not subjected to level corrections according to 

Section 4.1.

The measurement period extended from Thursday after-

noon, 04.07.2013, 3:00 p.m., to the early morning of the fol-

lowing Friday, 05.07.2013, 6:00 a.m. The measuring period 

Figure 5.1-2 a/b: View along Rottendorfer Strasse in Würzburg. Photo: Wölfel company
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was not during the school holidays and is representative for 

the burden of the immission location on a working day. 

The traffic volume is estimated as being comparable to the 

data of the traffic survey. During the measurement of traffic 

noise, the periods with significant external noise exposure 

(e.g. flight noise, animal sounds and noises by the measu-

ring engineer) were marked and excluded from the analy-

sis. The measurements were performed in a wind speed 

range of 0 to 4 m/s (a mean value of 0.5 m/s), a temperature 

range of 16.3 to 22.5 °C, and an air pressure range of 999 to 

1,003 hPa.

RESULTS AT OUTDOOR MEASUREMENT POINT

As an example, third octave spectra for the time periods 

4:00 p.m. - 5:00 p.m., 10:00 p.m. - 11:00 p.m. and 12:00 a.m. - 

1:00 a.m. are presented in Figure 5.1-3 for the measurement 

point MP1 (outside the building). The outside daytime le-

vels in the low-frequency range were up to 100 Hz above 

the hearing or perception threshold. A significant peak in 

the frequency range 25 Hz to 80 Hz can be seen in the 

third octave spectra, which is due to vehicle traffic. In the 

area of 25 Hz to 63 Hz, the levels exceed 70 dB, partially 

up to 75 dB. At night, values of up to 65 dB are reached. 

For the infrasound up to 20 Hz, the outdoor daytime levels 

were below the hearing or perception threshold between 

45 and 65 dB. The specified frequencies refer to the third 

octave centre frequency.

Figure 5.1-4 shows the one hour average linear third octave 

level for the low-frequency range below 100 Hz compared 

to the perception threshold in accordance with DIN 45680 

(2013 draft) [5]. For values below 8 Hz, this was amended 

[11], see also Table A3-1. The correlation of the values with 

the traffic situation is clearly recognisable: The heavier 

road traffic between 4:00 p.m. to 5:00 p.m. leads to higher 

values both in the infrasound range as well as in the other 

low-frequency ranges. Depending on the traffic volume, 

the perception threshold is exceeded between 20 Hz and 

32 Hz (third octave centre frequency).

Linear third octave level in dB

0

10

20

30

50

70

90

40

60

80

10
,0

00

4,
00

0

1,
60

0

63
0

25
0

10
040166.
3

2.
5

1.
0

Frequency in Hz

MP1 outside, 12:00 a.m. - 1:00 a.m.

Linear third octave level in dB

0

10

20

30

50

70

90

40

60

80

10
,0

00

4,
00

0

1,
60

0

63
0

25
0

10
040166.
3

2.
5

1.
0

Frequency in Hz

MP1 outside, 4:00 p.m. - 5:00 p.m.

Linear third octave level in dB

0

10

20

30

50

70

90

40

60

80

10
,0

00

4,
00

0

1,
60

0

63
0

25
0

10
040166.
3

2.
5

1.
0

Frequency in Hz

MP1 outside, 10:00 p.m. - 11:00 p.m.

Figure 5.1-3: Linear third octave spectra for the periods 
4:00 p.m. - 5:00 p.m. (top), 10:00 p.m. - 11:00 p.m. (centre) and 
12:00 a.m. - 1:00 a.m. (below) at the outside measurement point 
MP1. A significant peak in the frequency range 25 Hz to 80 Hz 
can be seen for the spectra, which is due to vehicle traffic.
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The A and G-weighted sum level LAeq(t) and LGeq(t) re-

corded during the entire measuring period are shown in  

Figure 5.1-5. While the A-weighting shows the audible 

sound as a single number value, the valuation focus of the 

G level is in the infrasound range. The curves show a signi-

ficant bandwidth that is created by the variations of the 

sound influences. These variations are less pronounced for 

the G level. The relationship of the courses of the A and G 

levels can also be clearly seen. Both levels are significantly 

reduced at night, when there is less traffic. The G level 

reaches values of up to 80 dB (G) at daytime and minimum 

values of around 55 dB (G) at night, with strong fluctua-

tions.

RESULTS AT INDOOR MEASUREMENT POINT

The third octave spectra for the time periods 4:00 p.m. - 

5:00 p.m., 10:00 p.m. - 11:00 p.m. and 12:00 a.m. - 1:00 a.m. 

are presented in Figure 5.1-6 for the measurement point 

MP2 inside the building. The interior levels for infrasound 

up to 20 Hz are below the hearing or perception threshold 

(< 55 dB) at day and night. Above 32 Hz to 40 Hz (third 

octave centre frequency), the values of the linear third oc-

tave level are above the hearing or perception threshold 

(up to 55 dB). In narrowband spectra (not shown here) a 

number of discrete, prominent maxima were detected, 

which were attributable to natural frequencies of the room 

and excited natural frequencies of the building.

Figure 5.1-7 shows the one hour average linear third octave 

level for the low-frequency range below 100 Hz compared 

to the perception threshold in accordance with DIN 45680 

[5]. This was amended for values below 8 Hz [11]. In gene-

ral, a decrease in the level can be seen the later it gets. Why 

Figure 5.1-4: Comparison of the corrected linear third octave le-
vels, determined at the measurement point MP1 (outside the 
building) for the averaging periods 4:00 - 5:00 p.m., 10:00 - 11:00 
p.m., and 12:00 - 1:00 a.m. Furthermore, the perception thres-
hold is also shown (see Section 4.1).

Figure 5.1-5: Distribution of the A-weighted sum level LAeq(t) (blue) and the G-weighted sum level LGeq(t) (red) over the entire measu-
rement period at the outdoor measurement point MP1
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the infrasound levels between 2 Hz and 8 Hz are higher at 

night is unclear. The G-weighted level during the time 

elapsed was between 40 dB(G) at night and 65 dB(G) at 

day.
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Figure 5.1-6 (left column): Linear third octave spectra for the 
time periods 4:00 - 5:00 p.m. (top), 10:00 - 11:00 p.m. (centre) 
and 12:00 - 1:00 a.m. (bottom) at the indoor measurement point 
MP2.

Figure 5.1-7 (top): Comparison of the third octave levels at the 
measurement point MP2 (indoors) for the averaging periods 
4:00 - 5:00 p.m., 10:00 - 11:00 p.m. and 12:00 - 1:00 a.m. The 
perception threshold according to Table A3-1 is also shown.
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5.2 Inner-city roads – permanent measu-
ring stations Karlsruhe and Reutlingen

Since November 2012, the LUBW has been running a sta-

tionary road traffic noise monitoring station in Karlsruhe 

(Reinhold-Frank Strasse), and a further one in Reutlingen 

(Lederstrasse-Ost) since March 2013. This is where average 

and maximum levels of total noise are measured with the 

use of high-quality sound level measurement devices, as 

well as meteorological parameters such as temperature, 

wind speed and precipitation. In addition, the traffic data 

(vehicle type, quantity and speed) are recorded. Both sta-

tions are in areas with relatively high volumes of traffic: In 

Karlsruhe, approximately 24,000 vehicles/24h, however 

with a partial standstill of traffic, and in Reutlingen appro-

ximately 50,000 vehicles/24h (as of 2011).

In Karlsruhe, the microphone is positioned close to the 

road, meaning that the recorded levels do not directly de-

pict the concerns of the population living somewhat 

further away. The distance to residential buildings is less 

than 10 m (Figure 5.2-1). The location of the measuring sta-

tion in Reutlingen allows immediate statements to be ma-

de about the noise pollution for the people affected  

(Figure 5.2-2). Further information is available on the web-

site www.lubw.de/aktuelle-messwerte (home page). The 

annual reports by the LUBW for the traffic noise monito-

ring stations can be found under the heading "Auswertun-

gen" (Reports).

Based on the measurement data of the road traffic noise 

measuring stations in Karlsruhe and Reutlingen, evalua-

tions were made by us with regards to low-frequency noise 

(incl. infrasound). In the following Figures 5.2-3 and 5.2-4 

frequency-selective representations of the noise level from 

6.3 Hz to 125 Hz (third octave centre frequency) can be 

found for the two stations. Averaging was carried out over 

30 minutes and summarized. Here only those time periods 

have been considered in which the wind speeds were less 

than one meter per second. These were approx. 2,000 half-

hour averages for Karlsruhe and about 1,900 for Reutlin-

gen, including many night hours. This avoided the occur-

rence and subsequent measurement of noise in the vicinity 

caused by the wind, and also ensured that no sound indu-

ced by the wind occurred directly at the microphone. Both 

Figure 5.2-1: LUBW measuring station for detecting road traffic 
noise in Karlsruhe, Reinhold-Frank-Strasse. The arrow shows the 
location of the microphone. Residential buildings visible in the 
background. Photo: LUBW

Figure 5.2-2: LUBW measuring station for detecting road traffic 
noise in Reutlingen, Lederstrasse. The arrow shows the location 
of the microphone. Photo: LUBW
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effects would have led to an increase in the level values at 

low frequencies and infrasound, as was the case during the 

measurements at the wind turbines.

To show the influence of traffic density, illustrations for 

higher and lower traffic volumes as well as for an average 

amount of traffic have been added (the exact data is given 

from the legend of Figure 5.2-3 and 5.2-4). The proportion 

of heavy-goods traffic, based on the evaluated overall data, 

was 5 % in Karlsruhe and 11 % in Reutlingen.

Both evaluations show a striking increase between 31.5 Hz 

and 80 Hz above the perception threshold, which is attri-

butable to motor vehicle traffic. Depending on traffic in-

tensity, mean values of 72 dB (Karlsruhe) or 75 dB (Reut-

lingen) are reached. In the infrasound range (below 20 Hz) 

and below, the results of the measurements differ: This is 

where in Karlsruhe lower values are measured than in 

Reutlingen, which is probably due to different amounts of 

heavy-goods traffic, traffic volumes and speeds. In both ca-

ses, the third octave levels already exceed the perception 

threshold with a higher traffic volume between the 20 Hz 

and 25 Hz third. A similar result was at hand for the road 

measurement in Würzburg (Section 5.1, Figure 5.1-4). The 

G-weighted sound levels were between 65 and 75 dB(G) in 

Karlsruhe and between 70 to 80 dB(G) in Reutlingen, see 

Table 5.2-1.

5.3 Motorway – measurement near Malsch

The LUBW undertook sound measurements at the A5 

(E52) motorway south of Karlsruhe near the town of 

Malsch on 26.06.2013 during the daytime between 1:00 p.m. 

and 3:00 p.m. The weather was sunny and practically wind-

less. Wind-induced interfering noise at the microphone 

can therefore be ruled out. The distances of the micropho-

ne position to the middle of the centre strip of the motor-

way were 80 m, 260 m and 500 m (Figure 5.3-1). The mea-

surement values at the measurement point at a distance of 

500 m later had to be rejected due to the interference of 

the B3 main road and other interfering noise. Information 

on the used metrology can be found in Appendix A4.

The measurement results for the distances of 80 m and 

260 m are graphically presented in Figure 5.3-2 as a third 

Figure 5.2-3: Third octave spectra, measuring station Karlsruhe Figure 5.2-4: Third octave spectra, measuring station Reutlingen

Periods with zero wind or wind velocities below 1 m/s in the year 2013 were evaluated. Averages over 30 minutes each were formed 
and aggregated. The increased level in the range between the 31.5 Hz and 80 Hz thirds is caused by road traffic. The curves show the 
differences at various traffic volumes. Note: The representation begins at a frequency of 6.3 Hz (in other illustrations partly from 
1 Hz.); this is due to the measuring technology. For comparison, the perception threshold according to Table A3-1 is shown.
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Table 5.2-1: Summary of the measurement results for low-frequency noise (including parts of infrasound) at the traffic noise moni-
toring stations Reutlingen and Karlsruhe

Source/situation G-weighted level
in dB(G)

Infrasound third 
octave level 

 ≤ 20 Hz in dB *

Low-frequency third 
octave levels 25-80 Hz 

in dB *

Traffic noise measuring station Karlsruhe 
traffic volume >1600 vehicles/h 75 53 to 62 67 to 72

Traffic noise measuring station Karlsruhe 
average traffic volume: 500 vehicles/h 65 48 to 57 60 to 67

Traffic noise measuring station Karlsruhe 
traffic volume < 260 vehicles/h 69 45 to 54 55 to 63

Traffic noise measuring station Reutlingen 
traffic volume > 3300 vehicles/h 80 63 to 68 64 to 75

Traffic noise measuring station Reutlingen 
average traffic volume: 700 vehicles/h 70 55 to 61 57 to 68

Traffic noise measuring station Reutlingen 
traffic volume < 350 vehicles/h 73 52 to 57 54 to 61

* Linear third octave level in dB(Z)

80 m

260 m

500 m

Figure 5.3-1: Location of the measurement points at the A5 motorway south of Karlsruhe near Malsch, indicating the distances 
between the microphone positions and the centre of the motorway. The town of Malsch is located outside of the picture at the bot-
tom left. The B3 main road is located above the picture. Picture source: LUBW, LGL

0 50 100 m
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octave representation. The third octave levels in the infra-

sound range are at levels of around 60 dB and slightly 

below. In the low-frequency range, approximately between 

40 Hz and 80 Hz, a slight peak can be seen. Here the mea-

sured values are significantly above the hearing threshold. 

The average traffic intensity is approximately 3,000 

vehicles/h with a share of heavy-goods traffic of around 

15 %. The G-weighted infrasound levels were around 

75 dB(G) at a distance of 80 m and around 71 dB(G) at a 

distance of 260 m. Additional information concerning the 

G level can be found in Appendix A3.

5.4 Noise inside car while driving

Below are the results of noise measurements carried out by 

the LUBW inside a moving car and a minibus on 06.09.2012. 

This is in fact no sound that occurs in the vicinity, i.e. no 

ambient noise or environmental noise in the strict sense. 

However, a lot of people are exposed to these sounds often 

and for longer periods of time, meaning that it surely ma-

kes sense to include such measurement values here. It be-

came evident that relatively high levels in the infrasound 

range up to 20 Hz, as well as in the other low-frequency 

frequency range above 20 Hz occurred (Firgure 5.4, 

Table 5.4). It must be noted that, with windows open, the 

levels that arise in the area of low frequencies incl. infra-

sound are so high that they are subjectively perceived as 

being painful. The values measured by us correspond to 

the respective specifications in literature (e.g. [19] [20]).

5.5 Conclusion of the road traffic 
measurements

 � It was possible to carry out the measurements for the 

low-frequency noise incl. infrasound resulting from road 

traffic without interfering wind noise. Unlike in the case 

of wind turbines, the recorded levels occur in the direct 

vicinity of residential buildings.

 � As expected, it could be observed that the level of low-

frequency noise including infrasound dropped at night. 

A good correlation with the traffic volume was also de-

termined: The more the traffic, the higher the sound 

levels of low-frequency noise including infrasound.

 � The Infrasound levels of traffic reach a maximum of 70 

dB (unweighted) in individual thirds with respect to re-

sidential buildings in the vicinity. The G-weighted level 

Firgure 5.3-2: Frequency-dependent representation (linear third 
octave level) of a measurement at the motorway A5. As a com-
parison, the perception threshold according to Table A3-1 was 
also included. Note: The representation begins at a frequency of 
3.15 Hz (in other illustrations partly from 1 Hz or 6.3 Hz). This is 
due to the measuring technology used.

Firgure 5.4: Low-frequency sound (averaging level) in the inside 
of car and minibus driving at approx. 130 km/h in comparison to 
the perception threshold according to Table A3-1
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is in the range between 55 and 80 dB(G). This roughly 

corresponds to values found in literature for sea surf  

(Table 2-1).

 � For road traffic, increased levels were detected in the 

frequency spectra in the range of between roughly 

30 Hz and 80 Hz. Low-frequency noise in this area lies 

significantly above the hearing threshold and seems to 

be more relevant for an assessment than the infrasound 

level up to 20 Hz. The values in this low-frequency fre-

quency range are significantly higher for the observed 

situations of road traffic than in the areas surrounding 

wind turbines (Table 2-1).

 � The highest levels in the context of the measurement 

project were measured in the interior of a car travelling 

at 130 km/h. Even though these are not immission levels 

that occur in the free environment, they are an everyday 

situation that many people are frequently subjected to 

for a longer period of time. The measured values for 

both the infrasound as well as the other low-frequency 

areas are higher by several orders of magnitude than the 

values usually measured in road traffic or at wind turbi-

nes.

Table 5.4: Infrasound level inside a passenger car or minibus while driving at 130 km/h

Source G-weighted level 
in dB(G)

Infrasound third octave level 
between 3.2 und 20 Hz 

in dB *

Interior noise in passenger car, all windows closed 105 88 to 94

Interior noise in passenger car, rear window open 139 87 to 127

Interior noise in minibus, all windows closed 100 85 to 93

Interior noise in minibus, side windows open 122 98 to 113

* Linear third octave level in dB(Z)
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6	 Urban	background
The Friedrichsplatz in Karlsruhe was chose for the measu-

rement of infrasound and low-frequency noise at day and 

night in an urban background. It is located in the heart of 

the city. The Friedrichsplatz is a rather quiet square located 

directly by the natural history museum. Benches, lands-

caped flower beds and a fountain invite passersby to linger 

and stop for a short break (Figure 6-1). The square extends 

for about 125 m from north to south and 100 m from east 

to west. The Erbprinzenstrasse crosses the Friedrichsplatz 

as a bicycle road. In a westerly and easterly direction are 

the Ritterstrasse and Lammstrasse respectively, with very 

slowly driving traffic. In the south, the square is limited by 

the natural history museum of Karlsruhe. To the west lies 

the Church of St. Stephan with forecourt. Apart from that, 

the Friedrichsplatz is surrounded by offices and commer-

cial buildings, as well as a number of individual apartments. 

The next somewhat busier road is situated about 250 m to 

the south, shielded behind the natural history museum 

and the Nymphengarten (Kriegstrasse, B 10). Tram lines 

are located at a distance of several hundred metres, parti-

ally behind several blocks of buildings (Figure 6-2), and a 

construction site is located in a north-westerly direction.

The measurements were carried out simultaneously at 

three measurement points. The location of the measure-

ment points is shown in the aerial view in Figure 6-3. Mea-

surement point MP1 was chosen in the inside of a building 

adjacent to the Friedrichsplatz (meeting room of the edu-

cation authority of Karlsruhe). A second measurement 

point MP2 was placed on the ground of the Friedrichsplatz, 

a third measurement point MP3 on the roof of the muse-

um of natural history (Figures 6-4 to 6-6). MP2 and MP3 

were positioned on a reverberant plate.

The measurements were carried out from Friday, 20.09.2013, 

3:00 p.m. to Saturday, 21.09.2013, 2:00 a.m. Preliminary 

Figure 6-1: Friedrichsplatz in Karlsruhe, looking south at the natural history museum. Photo: LUBW
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Figure 6-2: City map of Karlsruhe with Friedrichsplatz (red circle) and the tram lines in the vicinity (dark and dashed lines). Source: 
www.OpenStreetMap.org

Figure 6-3: Oriented aerial view of Karlsruhe Friedrichsplatz. Location of the three measurement points MP1 (meeting room of edu-
cation authority), MP2 (on Friedrichsplatz) and MP3 (roof of museum of natural history). Source: LUBW, LGL
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measurements were taken by the LUBW on 26.06.2013. 

The measurements should enable conclusions to be made 

about the situation at day and at night. The volume of traf-

fic (cars, pedestrians, cyclists) was typical for this site in the 

given weather conditions. In summer nights or during 

events, higher volumes will surely be the case.

Note: While the infrasound and low-frequency noise mea-

sured in the vicinity of operating wind turbines always con-

tains a proportion of wind (and possibly also a share that is 

induced by the wind at the microphone), the conditions 

are much more favourable for the measurement of inner 

city noise. Here these effects related to the wind play vir-

tually no role. The infrasound and low-frequency noise 

could be measured largely without any disturbing wind 

noise. Only on the roof of the museum of natural history 

did wind noise occur from time to time. For more informa-

tion see page 73.

RESULTS

The measured third octave spectra for the three measure-

ment points, each for the time periods 4:00 p.m. - 5:00 p.m., 

10:00 p.m. - 11:00 p.m. and 12:00 a.m. - 1:00 a.m. are shown 

in Figure 6-8 and are explained in the following:

At the measurement point MP1 (education authority, in-

door measurement), third octave levels between just under 

20 dB to 45 dB were measured in the infrasound area 

below 20 Hz. The values are all below the perception 

threshold. It is clearly visible that the infrasound levels 

drop at night by about 10 dB. In the further low frequency 

range a significant rise from 25 Hz to 63 Hz can be found, 

which is probably due to traffic noise and electrically pow-

ered equipment (the building was not without electrical 

power). All in all, the lowest levels are found at the indoor 

measurement at MP1 as a result of the absorption through 

the building envelope. The results of the indoor measure-

ment were evaluated according to DIN 45680 (1997) [4], 

Figure 6-4: Setup of the measurement point MP1, indoor mea-
surement at the education authority of Karlsruhe. Photo: LUBW

Figure 6-6: Microphone position at measurement point MP3 
(roof of museum) with view over Karlsruhe. The meteorology 
was also determined at MP3. Photo: LUBW

Figure 6-5: Measurement point MP2 on the Friedrichsplatz in 
front of the natural history museum Karlsruhe. Photo: LUBW

Figure 6-7: View from measurement point MP3 (roof of muse-
um) looking north over Karlsruhe. The floodlights of the KSC sta-
dium in the Wildpark can be seen. Photo: LUBW
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even if the scope of this standard does not cover road traf-

fic noise. Time periods with substantial influence of back-

ground noise at measurement point MP1 were excluded 

from the evaluation. The following periods of time were 

chosen: For the night period (10:00 p.m. - 11:00 p.m., lou-

dest hour), as well as in accordance with the procedure of 

DIN 45680 (1997) [4] for the day period (4:00 p.m. - 

5:00 p.m., loudest hour) as well as informatively for the 

night hour from 12:00 a.m. - 1:00 a.m. The reference values 

taken from the supplement sheet "Beiblatt 1" for above-

stated norm (these are formally only valid for the operation 

of industrial plants) were exceeded in the daytime as well 

as night time periods. There were no clearly protruding 

single tones. For informative purposes, the measurement 

data was also evaluated according to the revised draft of 

DIN 45680 (2013) [5]. The reference values taken as a com-

parison (these are formally only valid for the operation of 

industrial plants) were exceeded in the daytime as well as 

night time periods.

The data of the measurement points MP2 and MP3 was 

respectively corrected according to Section 4.1 (reverbe-

rant plate). At the measurement point MP2 (Friedrichs-

platz in front of the museum), third octave levels between 
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Figure 6-8: Measured third octave spectra for the three measurement points at different times of the day and at night. Left column: 
Measurement point MP1 (education authority, indoors); centre column: Measurement point MP2 (Friedrichsplatz); right column: 
Measurement point MP3 (natural history museum, roof). For explanations see text.
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just under 35 dB and a little over 50 dB were measured in 

the infrasound range up to 20 Hz. Here too, a decrease of 

the infrasound can be recognised later at night. In the low-

frequency range, an excessive increase can also be seen, 

which can be attributed to the road traffic. This is where 

levels above 55 dB are also reached at night in the range of 

32 Hz to 80 Hz, which is above the perception or hearing 

threshold. An interesting effect can be seen for the 1.25 Hz 

third, which, for example, clearly stands out in the third 

octave spectrum for MP2 between 10:00 p.m. and 11:00 p.m. 

This concerns a natural frequency of the Friedrichsplatz, 

which is largely surrounded by buildings (half a wavelength 

corresponds to merely the extent of the square). This effect 

can be analysed further in the narrow band spectrum (not 

shown here).

At the measurement point MP3 (museum roof), similar 

conditions as for MP2 can be seen – with two differences: 

For the infrasound below 5 Hz, an excessive increase can 

be seen, which here is attributed to the somewhat increa-

sed wind speed on the roof and the corresponding wind 

effects. An increase arising in the range above 500 Hz can 

at least partially be attributed to the rolling noises of cars 

on roads located further away, such as the B 10 (Kriegstras-

se). These were noticeable on the roof, but were otherwise 

screened off. In the evening, it was possible to get a direct 

view of the KSC football club’s Wildpark stadium, where a 

match was taking place (Figure 6-7).

In a further analysis of the narrow band spectra (not listed 

here), some individually protruding lines could be detec-

ted at some frequencies. However, these could not all be 

associated with specific sources.

In Figure 6-9 the developments of the linear third octave 

levels in the range from 1 Hz to 100 Hz are presented for 

the measurement points MP1 to MP3 in comparison to the 

perception threshold (according to draft of DIN 45 680 [5]; 

below 8 Hz supplemented by literature values [11]). See 

also Table A3-1. The results for MP2 and MP3 were correc-

ted, as shown in Section 4.1, due to the use of a reverberant 

plate.

Figure 6-10 shows the course of the A-weighted and G-

weighted sound level during the measurement at the mea-

surement point MP2 (Friedrichsplatz). It can be clearly se-

en that the G level, which represents the low-frequency 

noise including infrasound, slowly and steadily decreases in 

the evening hours. The G levels at the measurement point 

MP1 (indoors) were mostly between 45 dB(G) and 

60 dB(G) during the measuring period, and at times even 

above that. At the measurement points MP2 (Friedrichs-

platz) and MP3 (roof), the values were mostly between 

55 dB(G) and 65 dB(G), and partially reached levels above 

70 dB(G).
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Figure 6-9: Comparative frequency-dependent representation of the third octave sound level for the three measurement points at 
different times of the day and at night. The results for MP2 and MP3 have been corrected (reverberant plate, see Section 4.1). The 
perception threshold was also shown as a means of orientation. Left: measurement point MP1 (education authority, indoors); Centre: 
measurement point MP2 (Friedrichsplatz); right: measurement point MP3 (natural history museum, roof).
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Figure 6-10: Course of the A and G-weighted sum level LAeq(t) und LGeq(t) at the measurement point MP2 (Friedrichsplatz) in the 
time period 20.09.2013, approx. 2:30 p.m. to 21.09.2013, 1:30 a.m.
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7	 Sources	of	noise	in	residential	buildings
Life in the modern household is characterized by the use of 

technical devices, which are used to facilitate everyday life. 

The locations of the devices are normally chosen on the 

basis of the existing supply connections for electricity, wa-

ter or gas. When doing so, people also generally pay atten-

tion to ensuring a preferably trouble-free use of the living 

quarters. Devices such as fridges or ventilation systems are 

permanently or intermittently in operation, while other 

devices such as vacuum cleaners or electronic tools are 

used only briefly. During operation, every technical device 

emits characteristic sounds. Depending on the source, dif-

ferent sound patterns can also be caused by different ope-

rating modes.

With the help of manufacturer‘s instructions, buyers can 

inform themselves about the expected noise levels prior to 

the acquisition of technical devices. However, the data 

sheets often only specify the A-weighted levels. These pro-

vide no indications of how the sound spreads across diffe-

rent frequencies.

In order to also be able to present low-frequency noise that 

may occur in a living environment in a comparative man-

ner, the LUBW carried out sound level measurements in a 

residential building in the city centre of Tübingen. The 

apartment building in half-timbered construction style 

dates from the second half of the 19th century. The com-

partments of the walls are made of sandstone and the 

wood-beamed ceilings are filled with clay. The ceilings and 

walls are additionally covered with a 3-4 cm thick layer of 

lime plaster. In the course of renovation work during the 

last few years, the worksite sandstone slabs or tiles were 

moved onto a layer of reinforced cement screed in some 

areas, such as in the bathrooms. The building is located in 

a restricted traffic area; the next multilane roads are about 

150 m away. Any traffic noise emanating from there is large-

ly shielded by the building density of Tübingen city centre. 

The acoustic situation around the building is significantly 

characterized by the communication noise of passers-by.

The measurements on 04.08.2015 registered two washing 

machines from various manufacturers, one refrigerator, one 

oil heating and one gas heating. For detailed information 

on the used measuring instrumentation please refer to Ap-

pendix A4.

7.1 Washing machine

The washing machines were located in two apartments on 

the 1st and 2nd floor of the house. The measurements we-

re each taken at a measurement point MP1 at close range 

within the room of the installation itself, as well as at a 

measurement point MP2 in a separate room. When measu-

ring washing machine 1 on the 1st floor, the measurement 

point MP1 in the middle of the room was approx. 0.5 m 

from the washing machine. Measurement point MP2 was 

located approx. 3 m vertically above MP1 on the 2nd floor. 

Washing machine 2 was located on the 2nd floor. Here 

measurement point MP1 was also positioned in the middle 

of the room approx. 0.5 m from the washing machine, 

while measurement point MP2 in the adjoining room – se-

parated by a wall – was positioned approx. 5 m away.

RESULTS

The measurements of the two washing machines took 

place in the period from 10:50 a.m. to 11:30 a.m. Periods 

with extraneous noise effects were excluded from the eva-

luation.

With washing machine 1 in operation, third octave levels 

between 44 dB and 76 dB in the infrasound range under 

20 Hz were measured at measurement point MP1 (Figu-

re 7.1-1). The highest levels occurred during the spin cycle 

and the lowest ones during the wash cycle. At measure-

ment point MP2, third octave levels of 29 dB to 60 dB oc-

curred below 20 Hz during the measurement of washing 

machine 1. Here, too, the higher levels were registered du-

ring the spin cycle.

At washing machine 2, the third octave levels at measure-

ment point MP1 in the infrasound range below 20 Hz were 

between 35 dB and 70 dB (Figure 7.1-2). Here too, the 

highest third octave levels were registered in the spin cycle. 

The measurements at measurement point MP2 showed 

third octave levels between 26 dB and 71 dB in the same 

frequency range.
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The curves for the individual modes of operation of the 

two measured washing machines are almost parallel for the 

measurement points MP1 and MP2 in the infrasound range 

below 20 Hz. In contrast, it can be seen that above 20 Hz 

the difference between the third octave levels measured at 

both measurement points increases with increasing fre-

quency. This can be attributed to the sound insulation ef-

fect of the building components (ceiling or wall). The buil-

ding components reduce the higher-frequency sound to a 

significantly higher degree than is the case in the infra-

sound range.

The single tone at 16 Hz (washing machine 1) as well as 

20 Hz (washing machine 2) are caused by the respective 

rotational speed during the spin cycle. The 16 Hz third oc-

tave correlates with 960 rpm, the 20 Hz third octave with 

1,200 rpm. The additionally emerging single tone at wa-

shing machine 1 at about 31.5 Hz is a harmonic overtone of 

the 16 Hz third octave. Depending on the operating mode, 

single third octave levels can reach the perception threshold 

according to Table A3-1 between roughly 16 Hz and 20 Hz; 

above 50 Hz the third octave levels are generally in the 

audible range.

7.2 Heating and refrigerator

The two heating units measured were an oil boiler in the 

basement with pressurised atomiser burner on the one 

hand, and a gas water heater installed on a wall in the ba-

throom of the 2nd floor on the other. The fridge was loca-

ted on the 2nd floor in a corner of the kitchen. The measu-

rements of these noise sources were each carried out at a 

measurement point at a distance of about 0.5 m.

RESULTS

The third octave spectra during operation of the two hea-

ting systems as well as the refrigerator in the period from 

11:40 a.m. to 1:30 p.m. were measured using technical 

measuring equipment. The results of the measurements are 

shown in Figure 7.2-1. As was the case for the other measu-

rements, extraneous noise, e.g. caused by measuring staff or 

passers-by outside, was excluded from the assessment.

Levels of approx. 55 dB to 70 dB were measured at the oil 

heating in the infrasound range below the 20 Hz third oc-

tave. In the low-frequency range between 20 Hz and 80 Hz, 

the third octave levels are between 55 dB and 60 dB. A 

single tone with a third level of 74 dB is recognisable at 

100 Hz. Levels between 40 dB and 50 dB were measured at 

the gas water heater in the infrasound range below 20 Hz. 

In the low-frequency range between 20 Hz and 80 Hz, the 

Figure 7.1-1: Third octave noise level of washing machine 1 at 
measurement points MP1 and MP2 for different operating sta-
tes, with perception threshold according to Table A3-1 for com-
parison. "Total": Average level over the entire wash cycle.

Figure 7.1-2: Third octave noise level of washing machine 2 at 
measurement points MP1 and MP2 for different operating sta-
tes, with perception threshold according to Table A3-1 for com-
parison. "Total": Average level over the entire wash cycle.
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third octave levels measured at the gas heating are between 

40 dB and 50 dB. The difference between the levels mea-

sured at the oil heating and the gas water heater in the 

low-frequency range is between 10 dB and 40 dB.

The fridge measured in the kitchen of the 2nd floor deli-

vered third octave levels of between 32 dB and 50 dB in 

the infrasound range. Third octave levels between 17 dB 

and 50 dB were measured at the refrigerator between 

20 Hz and 80 Hz. While the third octave spectrum of the 

oil heating clearly sets itself apart from the other measured 

units through higher levels, the third octave spectra of the 

gas water heater and the refrigerator are very similar.

SUMMARY

During the measurements in the residential building, the 

highest levels at washing machines were recorded during 

the spin cycle. Tonalities in individual third octaves corre-

late with the rotational speed of the drum of the washing 

machine during the spin cycle. As expected, building com-

ponents dampen higher frequency noise components more 

than at low frequencies. The perceptual threshold accor-

ding to Table A3-1 was reached for the washing machines in 

the frequency range above 16 Hz and 20 Hz respectively. 

With the other devices, the infrasound level did not reach 

this threshold.

Figure 7.2-1: Third octave sound level of the noise from oil hea-
ting, gas heating and refrigerator at a distance of 0.5 m from the 
unit, with perception threshold according to Table A3-1 for com-
parison
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8	 Natural	sources

8.1 Rural environment

In order to make statements about how much infrasound is 

caused by wind in the great outdoors, sound level measu

rements were carried out within the framework of the 

measuring programme on 09.05.2015 with strong winds in 

an open field (measurement point MP1), on the edge of a 

forest (measurement point MP2) and in a forest (measure

ment point MP3). The three points were aligned down

wind of each other, starting with MP1. As with the wind 

power plants, the sound level measurements were carried 

out on a reverberant plate with a primary and secondary 

wind screen. At the same time, the wind speed was measu

red at 10 m height (open field) at the measurement point 

MP1. Figures 8.1-1 to 8.1-3 provide an impression of the po

sitioning of the measurement points. The measurement 

point MP1 lies approx. 130 m from the edge of forest.

The evaluation was carried out for the frequency range be

tween 1 Hz and 10 kHz. The procedure corresponded to 

the analysis of the measurements at wind power plants, as 

described in Section 4. Two time periods were examined 

per measurement point at different wind speeds (6 m/s and 

10 m/s at the measurement point MP1, open field), within 

which the wind blew evenly if possible. As a result, two 

situations with widely differing environmental conditions 

were recorded. Due to the spatial situation at the measure

ment points MP2 (edge of forest) and MP3 (forest) it can 

be assumed that at the same given point in time the wind 

speed is lower there than at the measurement point MP1 

(open field).

RESULTS: NARROW BAND LEVEL

Figure 8.1-4 shows the narrowband spectra determined 

from the audio signals at an average wind speed of approx. 

6 m/s and 10 m/s at a height of 10 m (measured at the mea

surement point MP1). The three charts in the left column 

enable a comparison of measurement results for the two 

wind speeds at each measurement point. The two graphs in 

the right column show the sound levels that were recorded 

at the three measurement points for each of the wind 

speeds 6 m/s and 10 m/s. It can be seen clearly how the le

Figure 8.1-1: Measurement point MP1 on open field (left) and 
meteorology mast (right), looking in direction of forest. Photo: 
Wölfel company 

Figure 8.1-2: Measurement point MP2, edge of the forest. 
Photo: Wölfel company

Figure 8.1-3: Measurement point MP3 in the forest, approx. 
90 m from measurement point MP2. Photo: Wölfel company
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Figure 8.1-4: Narrow band spectra of noise at the measurement 
point MP1 (open field), MP2 (edge of forest) and MP3 (forest) for 
the frequency range of infrasound at different wind speeds. The 
wind measurement was always carried out at the measurement 
point MP1 (open field).

Left column: Comparison of narrow band levels for the various 
wind speeds, separately presented for the measurement points 
MP1 (open field), MP2 (edge of forest) and MP3 (forest).

Right column: Comparison of the narrow band level at the three 
measurement points, represented separately for the wind speed 
6 m/s (above) and 10 m/s (below)
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Figure 8.1-5: Third octave spectra of the background noise at the measurement point MP1 (open field), MP2 (edge of forest), and 
MP3 (forest). Left column: Wind speed 6 m/s; right column: Wind speed 10 m/s. The wind measurement was always carried out at 
the measurement point MP1 (open field).
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vels depend on the measuring position and the wind speed. 

On an open field, the levels are about 10 to 15 dB higher at 

a wind speed of 10 m/s than at a wind speed of 6 m/s. At 

the edge of the forest, this difference is somewhat weaker 

for frequencies above roughly 5 Hz. The difference is only 

5 to 10 dB. In the forest, the difference is 5 dB or less. The 

spread of the measured values between the three measure

ment points falls from roughly 30 dB at the lowest end of 

the spectrum to 0 to 5 dB at the upper end, depending on 

the wind speed. Noteworthy level differences between the 

edge of the forest and the forest occur only below 10 Hz. 

The differences in level between open field and forest, on 

the other hand, become less only above 20 Hz.

RESULTS: THIRD OCTAVE LEVEL

The third octave spectra of the background noise at all 

three measurement points for the frequency range from 

0.8 Hz to 10,000 Hz are presented in Figure 8.1-5. The wind 

speed was 6 m/s (left column) and 10 m/s (right column). 

On the open field, the low frequencies are predominant in 

the spectrum; at the edge of the forest and even more so in 

the forest, however, a shift to higher frequencies can be 

seen. While the wind becomes less the closer it gets to the 

forest, and less wind noise is therefore induced at the mi

crophone, the noise from the leaves in the forest increases 

considerably. The peak values at about 4,000 Hz are due to 

the chirring of crickets and chirping of birds.

COMPARISON WITH THE PERCEPTION THRESHOLD

Figure 8.1-6 shows the third octave spectra of the total noi

se at the measurement points field, edge of forest and fo

rest for the frequency range from 1 Hz to 100 Hz along 

with the perception threshold for comparison. The wind 

speed was 10 m/s. In the range of infrasound, the curves are 

well below the perception threshold.

INFLUENCE OF WIND SPEED

The data in Figure 8.1-7 shows that both the audible sound 

level (A level) and the infrasound level (G level) increase 

with increasing wind speed. Worth noting is the decrease 

in level of the Gweighted level from the measurement 

point MP1 (open field) in the direction of the measure

ment point MP3 (forest). This correlates with the decrea

sing wind speed when moving from the open field towards 

the forest. Windinduced effects on the microphone can be 

generally ruled out (see Section 4.5 and 4.6, measurement 

in hole in the ground). The Aweighted level increases the 

closer you get to the forest, which can be attributed to the 

rustling of leaves, which is reflected in the A level.

Table 8.1-1: Infra sound in a rural location at the three measurement points at different wind speeds

 
 
 
Measurement point

G-weighted level 
in dB(G) 

 
Wind 6 / 10 m/s

Infrasound third octave 
level ≤ 20 Hz in dB * 

 
Wind 6 / 10 m/s

MP1 open field, 130 m from forest 50-65 / 55-65 40-70 / 45-75

MP2 edge of forest 50-60 / 50-60 35-50 / 45-75

MP3 forest 50-60 / 50-60 35-40 / 40-45

* Linear third octave level in dB(Z)
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Figure 8.1-6: Comparison of the third octave spectra of the total 
noise at the measurement points MP1 (open field), MP2 (edge 
of forest) and MP3 (forest) with the perception threshold accor-
ding to Table A3-1. The measured values were corrected in ac-
cordance with Section 4.1.
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Figure 8.1-7: Audible sound level (A level) and infrasound level (G level) depending on the wind speed for the three measurement 
points MP1 (open field), MP2 (edge of forest) and MP3 (forest). The G levels (red dots) and the A levels (violet dots) are shown. The 
wind measurement was always carried out at the measurement point MP1 (open field).
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CONCLUSION

The infrasound shows a strong dependence on the measu

ring position. The linear levels in the narrowband spect

rum measured in the open field were up to 30 dB higher 

than the levels measured in the forest (Table 8.1-1). The 

differences are not as pronounced above 16 Hz, but a ten

dency towards higher levels can be seen in the open field 

compared to the forest at low frequencies. Higher levels 

were measured for Aweighted audible sound in the forest, 

which is attributable to the rustling of leaves.

8.2 Sea surf

In addition to wind noise, sea surf is a widespread natural 

source of lowfrequency noise and infrasound. The LUBW 

was not able to take its own measurements at the coast 

within the framework of this project. Therefore, currently 

published values shall be drawn upon in order to provide 

an order of magnitude. In 2012 Turnbull, Turner and 

Walsh published metrics for sea surf as a natural source of 

infrasound [21]. Accordingly, the Gweighted infrasound 

level on a beach was 75 dB(G) at a distance of 25 m from 

the waterline, 69 dB(G) at a distance of 250 m from a cliff, 

and 57 dB(G) at a distance of 8 km from the coast  

(Table 8.2-1). Near the coast, the third octave levels at dif

ferent frequencies below 20 Hz were in the range of 53 dB 

to 70 dB (Figure 8.2-1).

Table 8.2-1: Infrasound levels of sea surf for different boundary conditions

Source G-weighted level 
in dB(G)

Infrasound third octave 
level ≤ 20 Hz in dB *

Beach, 25 m from the waterline 75 53 to 70

Cliff, at distance of 250 m 69 54 to 65

Inland, 8 km from the coast 57 43 to 63

* Linear third octave level in dB(Z)
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Figure 8.2-1: Third octave spectra of the total noise of surf, diffe-
rent boundary conditions according to [21], perception threshold 
according to Table A3-1 for comparison
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9	 Design	of	a	long-term	measuring	station	
for	low-frequency	noise

9.1 Task

An integral part of the measurement project "Low-frequen-

cy noise incl. infrasound from wind turbines and other 

sources" was the setup of a feasibility concept for a self-

sufficient long-term measuring station with which to mea-

sure and document the noise situation at wind turbines. In 

particular, low-frequency effects were to be taken into ac-

count. When designing the concept, it was assumed that 

such a measuring station is to be used primarily in the con-

text of monitoring measurements or in connection with 

complaint cases. Furthermore, the long-term measuring 

station should also provide a possibility to carry out special 

studies, e.g. for the determination of infrasound or sound 

modulations or before/after analyses. The following specifi-

cations had to be taken into account:

 � DIN EN 61400-11 "Windenergieanlagen – Teil 11: 

Schallmessverfahren" (2013) [6]

 � Technical guidelines for wind turbines, part 1, revision 

18 (as of 01.02.2008, issued by FGW Fördergesellschaft 

Windenergie e.V.) [7]

 � Technical instructions on noise abatement – "TA Lärm" 

(1998) [10]

 � DIN 45680 "Messung von Bewertung tieffrequenter 

Geräuscheinwirkungen in der Nachbarschaft" (1997) 

[4] as well as DIN 45680 "Messung und Beurteilung 

tieffrequenter Geräuschimmissionen" (2013 draft) [5].

In addition, a mains voltage-independent operation of the 

measuring station should be ensured for a period of two to 

four weeks.

9.2 Concept

The design of the measuring station was to include in par-

ticular the technical equipment, the evaluation of the mea-

sured data as well as the evaluation of the results in the 

context of immission protection. In principle, the projec-

ted long-term measuring station is divided into the fol-

lowing functional modules:

 � Unit for detecting the operating parameters of the 

wind turbine

 � Meteorology measuring unit

 � Noise measuring unit

 � Device monitoring (remote control unit)

 � Data centre (database and data analysis)

If the task requires it, the long-term measuring station 

could contain several similar measurement units. The basic 

design of a possible long-term measuring station is shown 

in Figure 9.2-1 dargestellt.

9.3 Individual modules for 
data acquisition

FACILITY AND OPERATING PARAMETERS

Approximate statements regarding the operating state of a 

wind power plant can be derived from wind data determi-

ned near the measuring location. However, this does not 

apply for special operating modes of the system (e.g. low 

noise operation, system downtime in case of insufficient 

wind conditions).

Reliable results for the current performance of a wind tur-

bine require the continuous determination of the actual 

turbine and operating parameters such as system power, 

rotor speed, nacelle angle, blade angle, wind speed and 

wind direction. Typically, the system operator already re-

cords these parameters as part of standard procedure. How-

ever, taking over such data from the operator into the coll-

ective of the data determined by the long-term measuring 

station is often difficult, if not impossible, in practice. It is 

therefore much more reliable, yet more bothersome, to re-

cord the turbine operation data on one’s own measuring 

system. In order to do so, the turbine signals would have to 

be decoupled from the turbine control system of the wind 
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power plant via transducers or existing interfaces, and be 

registered by the appropriate data loggers. With this type 

of gathering of data, the data recording (sampling sequence, 

data formats, etc.) can be devised according to its own stan-

dard. Thus, optimal data integration into the overall system 

would be guaranteed. However, this would certainly requi-

re the support by trained personnel during the setup and 

connection of the measuring system to the turbine control.

WEATHER DATA

In addition to the noise measurement data, the meteorolo-

gical variables – mean wind speed, mean wind direction 

(each in 10 s intervals) – as well as precipitation, air tempe-

rature and air pressure have to be determined. Commer-

cially available weather stations (sensors and data loggers) 

equipped with sufficient data storage could be used for this 

purpose. The collected meteorological parameters are then 

linked with the other metrics in the data centre. If techni-

cally possible, the recording of meteorological data could 

already be carried out on location together with the noise 

measurement data in the sound level analyser. The wind 

data should be collected at a height of up to 10 m above 

ground. The respective masts that can also be used on 

rough terrain are provided by a number of manufacturers.

ACOUSTIC DATA

In order to measure the acoustic data, a combination of 

devices consisting of a standard sound level analyser and 

changeable microphone unit can be used. As far as neces-

sary or appropriate, further functional units such as cont-

roller, monitoring system or meteorology recording can be 

included or attached. The noise measuring system is funda-

mentally suitable for determining emissions (DIN EN 

61400-11 [6]), noise immissions (TA Lärm [10]) and low-

frequency noise (DIN 45680 [4]). The following specifica-

tions must be met by the sound level analyser:

 � Calibratable sound level meter according to DIN EN 

61672-1:2003 [22] Class 1, with standard microphone 

and third octave filters according to DIN EN 

61260:2003 [23] Class 1 

Emission reference measuring point

Immission measuring point
Control laboratory

Figure 9.2-1: Basic design of a possible long-term monitoring station
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 � Usable range of levels: 18 dB(A) to 110 dB(A), usable 

frequency range: 1 Hz to 20 kHz

 � Ongoing collection of different sound levels (LAeq, 

LAFmax, LCeq, LCFmax, LTerzAeq, LTerzAFmax) in periodic 

times of 0.1 s to 10 s

 � Continuous recording of the audio signal and hourly 

storage as a WAV file. The data storage capacity must 

be sufficient for records of at least two weeks, or in the 

case of a restricted frequency range of the audio recor-

ding for recordings of at least four weeks

 � Extensive trigger management (timed triggering and 

external trigger option)

 � Alternatively usable infrasound microphone (lower li-

miting frequency ≤ 1 Hz, uncertainty at 1 Hz ≤ ± 3 dB)

 � Additional weatherproof microphone plate with prima-

ry and secondary wind screens according to DIN EN 

61400-11 [6]

 � Additional primary and secondary wind screens for 

mounting on tripod or measuring mast for immission 

measurements according to TA Lärm [10]

DEVICE MONITORING

Ideally, the possibility should be given to monitor and con-

trol all measuring systems wirelessly via an Ethernet or 

GSM connection from the data centre. If permitted by the 

data connection, a transfer of the stored data to the data 

centre should also be possible.

In order to increase the transparency of the respective 

measuring project, a real-time display of measurement re-

sults on a publicly accessible website could also be enab-

led.

GENERAL REQUIREMENTS

In general, it must be possible to operate all devices of the 

long-term measuring station with 12 V direct voltage inde-

pendently from the public power supply network. The 

measuring station should be equipped with the respective 

power supply units. A maintenance-free continuous opera-

tion of four weeks ought to be ensured. The long-term 

measuring station should generally be designed in a wea-

therproof manner. As far as necessary, all parts should be 

sufficiently protected from the weather (precipitation, sun, 

wind). Operation in an air temperature range of -5 °C to 

+30 °C must be made possible. The long-term measuring 

station must be fitted with safety features against damage 

by animals, against vandalism and against theft.

9.4 Central data evaluation

The evaluation of the data gathered on location and its 

compilation to measurement reports is generally carried 

out in the data centre after the end of the measurements. 

The nature and scope of the evaluation depends on the 

predefined task. The actual data evaluation can largely be 

carried out automatically. Analysis programmes for this 

purpose are commercially available. The following points 

should be considered for the evaluation:

 � Data preparation: Individual data that is required but 

cannot be determined on location can be derived from 

the measured data or the audio recordings. (e.g. G-

weighted noise levels, narrowband frequency analyses, 

tonalities, impulsiveness).

 � Data synchronization: The individual values of the tur-

bine data, the meteorological measurements and the 

acoustic measurements are to be consolidated for the 

same period lengths (e.g. 10 s) and to be synchronised to 

the same absolute points in time.

 � Rectifying faults: If there is extraneous noise at the mea-

surement point as well as noise from the wind power 

plant, this could lead to misinterpretations of the noise 

situation. The levels of the noise influenced by extrane-

ous sources therefore must be excluded when determi-

ning the turbine noise levels. This requires a compre-

hensive plausibility check of all measured data for every 

individual case. Impulsive background noise can often 

be well recognized from the level curve, ongoing exter-

nal noise interference can often be seen only on the 

basis of the level curves of individual frequency bands. 

When in doubt, the audio recordings will have to be 

referred to.
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9.5 Applicability and benefits

The affected population is often rather sceptical when it 

comes to projected noise levels or measurements of wind 

turbines that are taken within a matter of hours. It is thus 

that the people affected often assume that the applied pro-

cedures do not take into account all facets of possible dis-

turbances. Also, it is believed that the worst operating mo-

de of the wind turbine is often not the basis for the noise 

measurements. In such cases, the use of a long-term measu-

ring station is a good idea. In order to increase its accep-

tance, the general population could also be involved in the 

evaluation proceedings.

FIELDS OF APPLICATION

 � Determination of the noise emissions and immissions 

caused by wind power plants subject to wind and plant 

operating conditions. Generation of different statistics 

on noise occurrence, plant parameters or wind condi-

tions.

 �  Comparison of the results with the reference valu-

es and indicators in the TA Lärm and DIN 45680 [4, 5], 

as well as the level values used or specified in the ap-

proval procedure.

 � Determination of the infrasound influencing a measu-

rement point, possibly depending on the wind and 

plant operating conditions.

 � Determination of noise exposure at a location before 

and after commissioning of wind turbines.

 � Identification of specific or not regularly occurring noi-

se or sound effects, for example implemented by com-

plainants.

 � Ultimately, the operation of such a long-term measu-

ring station could be seen as a contribution towards 

the protection of the population against the harmful 

effects of noise, and in particular as a contribution to 

the pacification of the conflict situation on location.

 � The use of a long-term measuring station is not suited 

as a means of carrying out acceptance tests. Such mea-

surements require direct support through expert staff.
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Appendix A1 – General information

The following sections provide information on infrasound 

and low-frequency noise in generally understandable form. 

This concerns the development, occurrence, spreading as 

well as the evaluation and perception of infrasound and 

low-frequency sound [15] [19] [24] [25] [26] [27] [28].

A1.1 LOW-FREQUENCY NOISE AND 
INFRASOUND

Put simply, sound consists of compressional waves. When 

such pressure fluctuations spread in the air, one refers to 

them as airborne noise. A human’s sense of hearing is able 

to capture sound, the frequency (see Appendix A3) of 

which lies between approximately 20 Hz and 16,000 Hz 

(for children this value is about 20,000 Hz). Low frequenci-

es correspond to low notes while high frequencies corres-

pond to high notes. Sound below the audible range, i.e. 

with frequencies below 20 Hz, is called infrasound. Noise 

above the audible range, i.e. with frequencies above 

20,000 Hz, is known as ultrasound. Low-frequency noise is 

defined as sound which is primarily within the frequency 

range below 100 Hz. Infrasound is thus a part of low-fre-

quency sound.

Periodic air pressure fluctuations spread with a velocity of 

approximately 340 meters per second. Low-frequency vib-

rations have large wave lengths while high-frequency vibra-

tions have small wave lengths. For example, the wavelength 

of a 20 Hz tone in air is about 17 m, while a frequency of 

20,000 Hz has a wavelength of 1.7 cm (see Table A1-1).

A1.2 SOUND PROPAGATION

The propagation of infrasound and low-frequency sound 

follows according to the same physical laws as all kinds of 

air-borne noise. A single sound source, such as a wind tur-

bine generator, emits waves that spread in all directions in 

a spherical manner (Figure A1-1). As the sound energy is 

distributed across an ever growing area, the noise intensity 

decreases per square meter in an inverse proportion: With 

increasing distance it quickly becomes quieter (roughly 

6 dB per doubling of distance). In addition, there is also 

the effect of absorption of sound through the air. A small 

part of the sound energy is converted into heat during the 

spread of the waves, resulting in additional absorption. 

This air absorption depends on the frequency: Low-fre-

quency sound is only slightly absorbed while high-frequen-

cy is absorbed more. In comparison, the decrease of the 

sound level over distance significantly outweighs the de-

crease through air absorption. When spreading across flat 

surfaces, interference can occur, leading to highly fluctua-

ting sound levels. A pressure build-up may occur in front of 

large obstacles leading to an increase in the sound pressure 

level. Standing waves may occur outdoors between the fa-

cades of buildings. Furthermore, a special feature of low-

frequency sound waves is their low absorption through 

walls or windows, meaning that effects can also occur in-

side of buildings. Here too, the formation of standing waves 

may be the case. However, in the infrasound range these 

can arise only in large halls or churches; in common resi-

dential buildings the fundamental oscillations are at higher 

frequencies.

Table A1-1: Relationship between frequency and wavelength for sound waves in the air

Frequency 1 Hz 10 Hz 20 Hz 50 Hz 100 Hz 2,000 Hz

Wavelength 340 m 34 m 17 m 6.8 m 3.4 m 17 cm
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A1.3 INCIDENCE AND OCCURRENCE

Infrasound and low-frequency noise are everyday compo-

nents of our environment. They are produced by a large 

number of different sources. These include natural sources, 

such as wind, waterfalls or sea surf, just as much as techni-

cal sources, such as heating and air conditioning systems, 

road and rail traffic, airplanes or speaker systems in night-

clubs, etc.

A1.4 EVALUATION

The measurement and assessment of low-frequency noise 

are regulated in the technical instructions for the protec-

tion against noise (TA Lärm [10], please refer to Chapter 7.3 

and Appendix A1. 5) as well as the standard DIN 45680 

[4]. The impact of noise can be safely determined on the 

basis of these regulations. In this case the frequency range 

from 8 Hz to 100 Hz is considered. The crucial aspect 

when it comes to possible noise pollution is the human 

hearing threshold or perception threshold, which is outli-

ned in the standard. See also the next section.

An own frequency weighting, the so-called G-weighting, 

exists for the area of infrasound. The relevantly weighted 

levels are specified as dB(G) – "decibel G". The A-weigh-

ting of noise dB(A) – "decibel A" – is more common, which 

is derived from human hearing. The G-weighting is focused 

at 20 Hz. Levels are amplified between 10 Hz and 25 Hz. 

Above and below that, the valuation curve quickly falls. 

The purpose of G-weighting is to characterise a situation 

regarding low frequencies or infrasound with only a single 

number. A disadvantage is that frequencies below 8 Hz 

and above 40 Hz hardly contribute at all. For more infor-

mation please refer to "Frequency Evaluation" in Appen-

dix A3, where you will also find an evaluation curve 

(Figure A3-1).

A1.5 PERCEPTION

In the area of low-frequency noise below 100 Hz there is a 

smooth transition from hearing, i.e. the sensations of volu-

me and pitch, to feeling. Here the quality and nature of the 

perception changes. The pitch sensation decreases and 

does not apply at all for infrasound In general, the fol-

lowing applies: The lower the frequency, the higher the 

Protective barrierHill

- 6 dB - 6 dB - 6 dB - 6 dB

High-rise building

136 m
272m

544m

68 m

Source
infrasound

34 m

Figure A1-1: Exemplary presentation of spread of infrasound with a frequency of 10 Hz. The associated wavelength of 34 m is larger 
than the height of houses, trees and protective barriers. Therefore these hardly absorb the sound. However, the sound pressure level 
nevertheless decreases according to the same law as for audible sound: Each doubling of distance from the source results in a de-
crease in sound level of 6 dB. Image source: Bayerisches Landesamt für Umwelt [15]
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sound intensity has to be so that the noise is heard at all 

(see Table A1-2). Low-frequency impact with high intensity 

is often perceived as ear pressure and vibrations. Perma-

nent exposure to such high noise levels can lead to buz-

zing, vibrating sensations or a feeling of pressure in the 

head. In addition to the sense of hearing, other sensory 

organs can also register low-frequency sound. For example, 

the sensory cells of the skin convey pressure and vibration 

stimuli. Infrasound can also affect cavities in the body, such 

as lungs, sinuses and middle ear. Infrasound of very high 

intensity has a masking effect for the middle and lower 

acoustic range. That means: In the case of very strong infra-

sound, your hearing is unable to perceive quiet tones in 

frequencies above it.

But where are the limits between hearing, feeling and "no 

longer perceiving"? Table A1-2 shows some levels of the 

hearing and perception thresholds for different frequenci-

es. The hearing threshold of DIN 45680 (1997) [4] is defi-

ned in such a way that 50 % of the population will no lon-

ger perceive the respective frequency below the specified 

level. The perception threshold of DIN 45680 (2013) [5] is 

defined so that 90 % of people will no longer perceive the 

sound below this level. The limit from which low-frequen-

cy sound can be heard, varies from person to person. This 

is nothing unusual, as it is similar to what we are accusto-

med to regarding audible sound in everyday life. For almost 

70 % of people, the hearing threshold lies in a range of 

± 6 dB around the values shown in Table A1-2. For particu-

larly sensitive individuals, who make up around two to 

three percent of the total population, the hearing threshold 

is at least 12 dB lower. Figure A1-2 provides a graphic depic-

tion of the relationship of the two thresholds. The differen-

ces are relatively small.

Laboratory tests on the impact of infrasound have shown 

that high intensities above the perception threshold are 

tiring and have an adverse effect on concentration, and can 

influence performance. The best proven reaction by the 

body is increasing fatigue after several hours of exposure. 

The balance system can also be affected. Some test persons 

had feelings of insecurity and anxiety, while others dis-

played a reduced respiratory rate. Furthermore, as is the 

case with audible sound, very high sound intensities can 

lead to a temporary hearing impediment – an effect often 

known by people who go to nightclubs. Long-term exposu-

re to strong infrasound can also lead to permanent hearing 

loss. However, the infrasound levels that occur in the vici-

nity of wind power plants will hardly be able to cause any 

such effects, as they fall far short of the hearing or percep-

tion threshold. In scientific literature, any health effects 

could so far be shown only at sound levels above the hea-

ring threshold. Below the hearing threshold, no effects on 

humans caused by infrasound could so far be proven [25].

Table A1-2: Hearing and perception threshold (in decibels) in the range of infrasound. The lower the frequency, the louder the noise 
or sound intensity has to be in order for a person to perceive something. At 8 Hz the sound pressure level has to be at 100 deci-
bels. Humans can hear best in the area of 2,000 to 5,000 Hz. That is where the average hearing threshold is at 0 decibels and even 
below it (up to minus 5 decibels).

Frequency (as a third octave centre frequency) 8 Hz 10 Hz 12.5 Hz 16 Hz 20 Hz

Hearing threshold according to DIN 45680 (1997) [4] 103 dB 95 dB 87 dB 79 dB 71 dB

Perception threshold according to draft DIN 45680 (2013) [5] 100 dB 92 dB 84 dB 76 dB 69 dB

Sound pressure level in dB
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Figure A1-2: Representation of hearing and perception threshold 
according to ISO 226 [29], DIN 45680 (1997) [4] and draft DIN 
45680 (2013) [5]. The perception threshold according to the draft 
of DIN 45680 is roughly 10 dB lower than the values of ISO 226.
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Appendix A3 – Explanation of terms and parameters

A-weighting

Frequency-dependent alteration of a noise or sound signal 

by means of A filter according to DIN EN 61672-1:2003 

[22]. See also frequency weighting and dB(A).

Averaging level

See sound pressure level

Background noise

Noise with the wind power plant switched off. It consists 

particularly of the sound caused by wind in the vicinity and 

of noise coming from other sources of noise in the vicinity. 

The background noise may also include sound induced by 

the wind at the microphone. Also referred to in the report 

as the operating condition "turbine off".

C-weighting

Frequency-dependent alteration of a noise or sound signal 

by means of C filter according to DIN EN 61672-1:2003 

[22]. See also frequency weighting and dB(C).

dB

Decibel, unit of measurement for the identification of le-

vels, in this case sound pressure level (quod vide).

dB(A)

Decibel A, unit of sound pressure level in A-weighting. See 

also sound pressure level and A-weighting.

dB(C)

Decibel C, unit of sound pressure level in C-weighting. See 

also sound pressure level and C-weighting.

dB(G)

Decibel G, unit of sound pressure level in G-weighting. Is 

used particular with low-frequency noise incl. infrasound. 

See also sound pressure level and G-weighting.

dB(Z)

Decibel Z, unit of sound pressure level in Z-weighting that 

corresponds to the linear sound pressure level unweighted 

in terms of frequency. Formerly also referred to as dB(lin).

Emission

See sound emission

Extraneous noise

Noise that is not caused by the turbine being measured 

and can temporarily lead to an increase of background noi-

se. Disturbing extraneous noise is excluded from the evalu-

ation by placing markers, and is therefore included neither 

in the represented total noise nor in the background noise.

Frequency

Number of oscillations per second; the unit is hertz (Hz). 

The total audible frequency range is divided into:

 � Infrasound: Sound with frequencies below 20 Hz

 � Audible sound: Sound in the range of 20 Hz to about 

16,000 Hz (limit is age-dependent)

 � Ultrasound: Sound above roughly 16,000 Hz

 � Low-frequency sound: Sound at frequencies below 

100 Hz, including infrasound

Frequency weighting (noise)

The frequency content of noise is weighted differently ac-

cording to the specific objective. In addition to the gene-

rally usual A-weighted and C-weighted noise levels, G-

weighted and Z-weighted noise levels are also determined 

and represented in this study. 

By default, the frequency weighting A is used for the valu-

ation of sound signals in the normal audible sound range. 

It approximately constitutes the hearing sensitivity of the 

human ear in the low and medium sound intensity level. 

The description and assessment of noise emission and im-

missions generally follows by means of A-weighted levels. 

The evaluation of low-frequency noise including infra-

sound requires separate restrictions of the frequency ran-

ges; A-weighted sound levels that are determined across 

the entire frequency band are unsuitable for this. 

The frequency weighting C approximately corresponds to 

the auditory sensation of the ear at high volumes. It is ap-

plied in particular when assessing noise level peaks in the 

scope of occupational safety and health. In addition, the 
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level difference of measured C-weighted and A-weighted 

levels is seen as an indicator for possible low-frequency 

noise contamination in the area of immission control. 

The frequency weighting G is a filter that was defined for 

the effect adaptation of infrasound. Its focus lies at 20 Hz 

(see Figure A3-1). However, no relevant reference or com-

parative values are known for the quantitative classification 

of any infrasound effects or determined G-weighted levels. 

The frequency weighting Z (zero) describes a linear band 

pass filter without any effect on the frequency.

Frequency spectrum

See spectral analysis

G-weighting

Frequency-dependent change of noise or sound signal 

using G filter according to ISO 7196:1995 [30]. See frequen-

cy weighting and dB(G).

Hearing threshold

See Appendix A1.5

Immission

See sound immission

Infrasound

See Appendix A1.1

Level

Logarithm of the relationship of two identical sizes. For the 

sound pressure level, the ratio of sound pressure, which is 

caused by noise, to a fixed reference size (hearing threshold) 

is formed. See also sound pressure level.

Leq

Energy equivalent average of the (time-varying) sound 

pressure level course within a reference period. See also 

sound pressure level.

Lmax

Maximum sound pressure level in a measurement interval. 

See also sound pressure level.

Low-frequency sound

See Appendix A1.1

Narrowband spectrum

See spectral analysis

G-Bewertung ISO 7196:1995 in dB
C-Bewertung DIN EN 61672-1:2014 in dB
A-Bewertung DIN EN 61672-1:2014 in dB

Frequency weighting in dB
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Figure A3-1: Course of the frequency weighting curves A, C  and G in the range below 500 Hz according to ISO 7196 and DIN EN 
61672-1 (2013) [22]
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Noise

Noise can be considered unwanted, disturbing or harassing 

sound. While sound can be well-measured and characte-

rized as a physical phenomenon, human feelings also play a 

part when it comes to noise.

Operating noise

Noise with wind turbine switched on, including back-

ground noise. Is referred to as total noise throughout the 

report.

Perception threshold

The perception threshold used in this report is composed 

of the perception threshold according to Table 2 in DIN 

45680 (2013 draft) [5] and values from literature. 

The values of the draft standard are based on DIN ISO 226 

[29]; they are 10 dB below the hearing threshold specified 

therein. For frequencies of 8 Hz to 20 Hz they are supple-

mented by the values determined by WatanaBe & Møller 

[34]. The course corresponds to the 90 % percentile of au-

dible threshold distribution.

Since no standardized threshold levels exist in the frequen-

cy range below 8 Hz, the values of the hearing threshold 

proposed by Møller & Pedersen [11, Figure 10] were ta-

ken for the representations in this measurement report in 

the range of 1.6 Hz to 8 Hz  (Table A3-1).

Sound

Put simply, sound consists of compressional waves. Airbor-

ne sound is the propagation of pressure fluctuations in the 

air as a wave motion. If this happens in solid materials, e.g. 

the floor or walls, it is called structure-borne sound. In or-

der to characterize sound, variables such as sound level 

(characterizes the strength of the sound) or frequency (de-

notes the pitch) are used.

Sound emission

The noise coming from a turbine in accordance with § 3 

para. 3 BImSchG [2]

Sound immission

The noise effecting humans, animals, etc. in accordance 

with § 3 para. 2 BImSchG [2]

Sound pressure level L

Often simply referred to as sound level. 20-fold decimal 

logarithm of the ratio of a given effective value of sound 

pressure to a reference sound pressure (e.g. hearing 

threshold), where the effective value of the sound pressure 

is determined with a standard frequency and time weigh-

ting (L in dB). Sound pressure levels of the normal range of 

hearing are determined primarily by the frequency weigh-

ting A and the time rating F according to DIN EN 61672-1 

[22] (see also frequency weighting). The types of frequency 

and time weightings are usually indicated as indices of the 

formula sign, e.g. LAF in dB(A). The definition of the sound 

pressure level L for a sound pressure p is:

Here p0 is a reference sound pressure in the region of the 

hearing threshold, defined as 2·10-5 Pa. Sound level diffe-

rences of 1 dB are only just recognisable, differences of 

3 dB can be heard clearly. Sound level differences of 10 dB 

correspond to roughly double or half the impression of 

loudness respectively.

 � The addition of two identical sound levels (doubling of 

the sound power) leads to an increase of the sum level 

by 3 dB.

 � The reduction of a road’s traffic volume by half results 

in a 3 dB lower level.

 � In the case of a single point source, a doubling of dis-

tance leads to a reduction of the sound level by 6 dB.

The instantaneous sound pressure level is the current level 

value of a time-varying noise, for example specified as  

LAF(t) in dB(A).

The maximum sound pressure level or maximum level is 

the maximum value of the fluctuating sound pressure level 

curve within a reference period, referred to as Lmax in dB. 

For the frequency weighting A and the time rating F, the 

level is referred to as LAFmax and specified in dB(A).

The average sound level or equivalent continuous sound 

level Leq is the energy equivalent mean value of the tempo-

rally variable sound pressure level curve L(t) within a refe-

rence period, expressed in dB. It is formed according to 

DIN 45641 [31] or directly with a measuring instrument 
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according to DIN EN 61672-1 [22]. For the frequency 

weighting A and time weighting F, the time-average sound 

pressure level is referred to as LAFeq and expressed in 

dB(A).

Spectral analysis

Spectral analysis is an important tool for the analysis of 

acoustic signals. The signal is fragmented into defined fre-

quency bands and a sound level is determined for each in-

dividual band. A distinction is made between frequency 

bands of absolute and relative bandwidth. 

In the case of narrowband spectra, the frequency range that 

is to be analysed is divided up into bands of the same ab-

solute width. Here in this report, a bandwidth of 0.1 Hz 

was consistently used. That enabled a high resolution de-

piction of the frequency spectra of the sound signal. 

Octave and third octave spectra (1/3-octave spectra) are 

composed of frequency bands of relative bandwidth. The 

centre frequency of an octave band has a ratio of 1:2 to the 

centre frequency of the adjacent bands; third octave bands 

have a ratio of 1:1.26. The starting value for the determina-

tion of the centre frequencies is the frequency of 1,000 Hz. 

The frequency bandwidths within octave or third octave 

spectra thus differ. The third octave centre frequencies 

from 1 Hz are: 1 Hz, 1.25 Hz, 1.6 Hz, 2 Hz, 2.5 Hz, 3.15 Hz, 

4 Hz, 5 Hz, 6.3 Hz, 8 Hz, 10 Hz, 12.5 Hz, 16 Hz, 20 Hz, 

25 Hz, 31.5 Hz, 40 Hz, 50 Hz, 63 Hz, 80 Hz, 100 Hz, 125 Hz 

etc. – see also [23].

Third octave representation

Representation of a sound signal in a frequency spectrum. 

See also spectral analysis and third octave spectrum.

Third octave level

Sound pressure level within a third octave frequency band. 

See also spectral analysis.

Third octave spectrum

Frequency spectrum in which the frequency range and the 

corresponding level proportions are divided into thirds. 

See also spectral analysis.

Total noise

Noise with wind turbine switched on, including back-

ground noise. Also referred to in the report as the opera-

ting condition "turbine on".

Turbulence intensity

The turbulence intensity (also known as degree of turbu-

lence) was here formed from the average of the quotients 

of standard deviation and arithmetic mean of the wind 

speed. It is a measure of the variation of the wind speed 

(gusts). The turbulence intensity is given in percent and is 

subject to many influences, e.g. ground roughness, medium 

wind speed, atmospheric situation or buildings. Its lowest 

values (5 % or less) are reached over the sea, the highest 

(20 % or more) are reached over built-up areas and forest 

[32]. While the turbulence intensity has no significant ef-

fect on measurements in the A level range (audible sound) 

[33], this is not documented for low frequencies. Here an 

influence can by all means be expected. Some manufactur-

ers of wind turbines link the warranty condition for their 

guaranteed values of acoustic power to maximum turbu-

lence intensities during measurement, e.g. 16 %. The turbu-

lence intensity is determined in accordance with DIN EN 

61400-11 [6].

Vibrations

Vibrations are oscillations of solid bodies.

Vibrational immissions

Vibrational immissions are the oscillations that occur at 

the measurement point.

Vibration velocity

The vibration velocity (speed) is the velocity of an oscilla-

ting mass at the measurement point in the predetermined 

measurement direction, stated in millimetres per second 

(mm/s). This variable is based on the assessment of vibrati-

on impacts on buildings and on people in buildings. The 

vibration is defined initially through the ground motion, 

i.e. the vibration displacement (amplitude), characterized 

as a function of time. The vibration velocity can then be 

derived by differentiating with respect to time.

EXHIBIT A5-1

Page 98 of 104 
014892



© LUBW Low-frequency noise incl. infrasound – Report on the measurement project 99

Vibration severity

In the vibration frequency range of 1 Hz to 80 Hz that is 

relevant for the perception of vibration, the perceptibility 

is proportional to the vibration velocity. Below approxi-

mately 10 Hz, the perception at lower frequencies is signi-

ficantly lower. This is taken into account for the evaluation 

of measurement data through the use of special filtering, 

the so-called KB-evaluation according to DIN 4150 Part 2. 

Inputs above 80 Hz are cut off by a blocking filter (band 

limitation) as they do not contribute to perception. The 

band-limited, frequency and time-weighted signal is desig-

nated as weighted vibration severity KBF(t). The highest 

value achieved during the assessment time, the maximum 

weighted vibration strength KBFmax, is an important evalu-

ation parameter for the tactility of vibration effects.

Wavelength

For a wave (here acoustic wave), the distance from a "wave 

crest" to the next "wave crest" or "trough" to "trough" is 

referred to as wavelength (general distance from one point 

to the next point of the same phase). The wavelength is 

related to the frequency as follows: The wavelength is the 

propagation speed divided by the frequency of the wave. 

Sound waves in air can generally be registered by the hu-

man ear in the approximate wavelength range of 2 cm to 

about 20 m.

Z-weighting

Unweighted or linear noise or sound signal according to 

DIN EN 61672-1:2003 [22]. See frequency weighting and 

dB(Z).

Table A3-1: The hearing threshold levels used to represent the perception threshold in the report according to [5] and [11]

Source

Third octave centre 
frequency  

 
in Hz

Perception threshold 
level WTerz 

 
in dB

Threshold level - taken from [11]

1.60 
2.00 
2.50 
3.15 
4.00 
5.00 
6.30

124.0 
122.0 
120.0 
117.0 
113.0 
108.5 
105.0

Threshold level - taken from [5]

8.0 
10.0 
12.5 
16.0 
20.0 
25.0 
31.5 
40.0 
50.0 
63.0 
80.0 

100.0 
125.0

100.0 
92.0 
84.0 
76.0 
68.5 
58.7 
49.5 
41.1 
34.0 
27.5 
21.5 
16.5 
12.1
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Appendix A4 – Measuring systems used

Below is a description of the used measurement systems 

and equipment. The sound level measuring instruments 

used meet the specifications for Class 1 for sound level me-

ters according to IEC 61672. The dynamic range of the mi-

crophone capsule type 40AZ is 14 dB(A) to 148 dB accor-

ding to the manufacturer, the usable frequency range is 

0.5 Hz to 20 kHz. For the remaining microphone capsules 

used, the usable frequency range is 3.15 Hz to 20 kHz.

Measurements at wind turbines (Section 4)

 � 4 sound level meter combinations DUO Smart Noise 

Monitor, consisting of: 

– Sound level analyser type DUO, manufacturer: 

 01dB Metravib SAS, F-69760 Limonest 

– Free-field microphone 1/2" type 40AZ on reverb- 

 rant plate with primary and secondary wind screen 

 in accordance with IEC 61400-11, manufacturer: 

 G.R.A.S. Sound & Vibration A/S, DK-2840 Holte

 � 1 meteorology sensor, consisting of: 

– Air pressure, humidity and temperature sensor type 

 DTF 485, manufacturer: Reinhardt System- und 

 Messelectronic GmbH, D-86911 Diessen- 

 Obermühlhausen 

– Wind sensor type WMT 701, manufacturer: Vaisala 

 GmbH, D-22607 Hamburg

 � 1 acoustic emission measurement system type RoBin, 

manufacturer: Wölfel Meßsysteme, D-97204 Höchberg

 � 4 vibration meters type SM 6 (triaxial) according to 

DIN 45669, consisting of: 

– Sensor Nederland / Wölfel Meßsysteme 

– Supply and AD conversion: System Red Sens 

 with radio modules 

– Coupling of the measuring sensors according to 

 DIN 45669-2. The measuring chain was checked be-

fore and after the measurement.

 � 1 data acquisition system, consisting of: 

– Notebook Dell Latitude with Elovis radio antenna 

 for Red Sens 

– Measurement and evaluation software MEDA 

– Sampling: upper limit frequency, 400 Hz corresponds  

 to sampling rate of 976.6  µs, manufacturer: 

 Wölfel Meßsysteme, D-97204 Höchberg

Road traffic measurements (Section 5.1)

 � 1 sound level meter combinations DUO Smart Noise 

Monitor, consisting of: 

– Sound level analyser type DUO, 

 manufacturer: 01dB Metravib SAS, F-69760 Limonest 

– Free-field microphone 1/2" Type 40AZ on reverbe- 

 rant plate with primary and secondary wind screen 

 in accordance with IEC 61400-11, manufacturer: 

 G.R.A.S. Sound & Vibration A/S, DK-2840 Holte

 � 2 sound level meter combinations DUO Smart Noise 

Monitor, consisting of: 

– Sound level analyser type DUO, manufacturer: 

 01dB Metravib SAS, F-69760 Limonest 

– Free-field microphone 1/2" type 40AZ, manufacturer: 

 G.R.A.S. Sound & Vibration A/S, DK-2840 Holte

 � 1 meteorology sensor, consisting of: 

– Air pressure, humidity, temperature and wind sensor 

 type WXT 520, manufacturer: Vaisala GmbH, 

 D-22607 Hamburg

LUBW Long-term measuring stations (Section 5.2)

 � 2 sound level meter combinations DUO Smart Noise 

Monitor, consisting of: 

– Sound level analyser type DUO, manufacturer: 

 01dB Metravib SAS, F-69760 Limonest 

– Free-field microphone 1/2" type 40CD, manufactu- 

 rer: G.R.A.S. Sound & Vibration A/S, DK-2840 Holte

 � 2 meteorology sensors, consisting of: 

– Precipitation monitor model 5.4103.10.00, 

 manufacturer: Adolf Thies GmbH & Co. KG, 

 D-37083 Göttingen 

– Temperature and humidity sensor type HMP 155, 

 manufacturer: Vaisala GmbH, D-22607 Hamburg 
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– Ultrasonic aemometer type 85004, manufacturer: 

 R. M. Young Company, USA-2801 Aero Park Drive

Measurements at motorway (Section 5.3)

 � 3 sound level meters combinations type NOR 140, 

consisting of: 

– Sound level analyser type Nor 140, manufacturer: 

 Norsonic AS, N-3421 Lierskogen 

– Free-field microphone 1/2" type 1225, manufacturer: 

 Norsonic AS, N-3421 Lierskogen

Interior noise measurements car, minibus (Section 5.4)

 � 1 sound level meter combination type NOR 140, 

consisting of: 

– Sound level analyser type Nor140, manufacturer: 

 Norsonic AS, N-3421 Lierskogen 

– Free-field microphone 1/2" type 1225, manufacturer: 

 Norsonic AS, N-3421 Lierskogen

Urban background measurements (Section 6)

 � 2 sound level meter combinations type DUO Smart 

Noise Monitor, consisting of: 

– Sound level analyser type DUO, manufacturer: 

 01dB-Metravib SAS, F-69760 Limonest 

– Free-field microphone 1/2" type 40AZ on reverbe- 

 rant plate with primary and secondary wind screen 

 in accordance with IEC 61400-11, manufacturer: 

 G.R.A.S. Sound & Vibration A/S, DK-2840 Holte

 � 1 sound level meter combination DUO Smart Noise 

Monitor, consisting of: 

– Sound level analyser type DUO, manufacturer: 

 01dB-Metravib SAS, F-69760 Limonest 

– Free-field microphone 1/2" type 40AZ, manufacturer: 

 G.R.A.S. Sound & Vibration A/S, DK-2840 Holte

 � 1 meteorology sensor, consisting of: 

– Air pressure, humidity, temperature and wind sensor 

 type WXT 520, manufacturer: Vaisala GmbH, 

 D-22607 Hamburg

Measurements in a residential building (Section 7)

 � 1 sound level meter combination type NOR 140, 

consisting of: 

– Sound level analyser type Nor 140, manufacturer: 

 Norsonic AS, N-3421 Lierskogen 

– Free-field microphone 1/2" type 40AZ, manufacturer: 

 G.R.A.S. Sound & Vibration A/S, DK-2840 Holte

 � 1 sound level meter combination type NOR 140, 

consisting of: 

– Sound level analyser type Nor 140, manufacturer: 

 Norsonic AS, N-3421 Lierskogen 

– Free-field microphone 1/2" type 1225, manufacturer: 

 Norsonic AS, N-3421 Lierskogen

Measurements in rural area (Section 8.1)

 � 2 sound level meter combinations DUO Smart Noise 

Monitor, consisting of: 

– Sound level analyser type DUO, manufacturer: 

 01dB Metravib SAS, F-69760 Limonest 

– Free-field microphone 1/2" Type 40AZ on reverbe- 

 rant plate with primary and secondary wind screen 

 in accordance with IEC 61400-11, manufacturer: 

 G.R.A.S. Sound & Vibration A/S, DK-2840 Holte

 � 1 sound level meter combinations DUO Smart Noise 

Monitor, consisting of: 

– Sound level analyser type DUO, manufacturer: 

 01dB Metravib SAS, F-69760 Limonest 

– Free-field microphone 1/2" type 40AZ on reverbe- 

 rant plate with primary and secondary wind screen 

 in accordance with IEC 61400-11, manufacturer: 

 G.R.A.S. Sound & Vibration A/S, DK-2840 Holte

 � 1 meteorology sensor, consisting of: 

– Air pressure, humidity, temperature and wind sensor 

 type WXT 520, manufacturer: Vaisala GmbH, 

 D-22607 Hamburg

Note on the inherent noise of the measuring chain

In order to determine the minimum noise limit of the de-

ployed acoustic measuring chain, sound level measure-

ments were carried out inside buildings at two different 

locations during the night. The locations were chosen so 

that the least possible background noise was at hand. The 

measured values in the range of 1 Hz to 1 kHz are at least 

20 dB below the sound levels to be determined here. The 

influence of the inherent noise of the measuring chain on 

the measurement results is therefore negligible.
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ABSTRACT 

In order to tackle with wind turbine noise (WTN) related complaints, Ministry of the 
Environment of Japan (MOEJ) set up an expert committee in 2013. In November 2016, the 
committee published a report on investigation, prediction and evaluation methods of WTN. 
The report compiles recent scientific findings on WTN, including the results of nationwide field 
measurements in Japan and the results of review of the scientific literature related to health 
effects of WTN. The report sets out methodology for investigation, prediction and evaluation 
as well as case examples of countermeasures. A noise guideline for wind turbine, which 
suggests WTN should not be more than 5dB above the residual noise where residual noise 
levels are above 35-40dB, is also presented in the report. MOEJ is developing a WTN noise 
guideline and a technical manual for WTN investigation based on the report. Both documents 
will be finalized in the fast half of 2017. 

INTRODUCTION 

Among renewable energy sources, wind power generation is an important energy sources that 
emits neither air-polluting substances nor greenhouse gases and can also contribute to 
energy security because the power can be generated by a natural resource readily available in 
Japan. The Basic Energy Plan of Japan (Cabinet decision in April, 2014) regards wind power 
generation as an energy source that can be made economically viable because its generation 
cost could be as low as that for thermal power generation if it could be developed on a large 
scale. 

The number of wind power facilities installed in Japan started to increase around 2001, and 
2,034 units were installed by 2014 (as of the end of March, 2015) (1). According to the 
Supplementary Materials for the Long-term Energy Supply and Demand Outlook issued by the 
Agency for Natural Resources and Energy in July, 2015, approximately 10 million kW of wind 
power is expected to be installed by 2030, which represents a nearly four-fold increase from 
the existing installed wind power capacity of approximately 2.7 million kW (2). 
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Figure 1: Installed capacity and number of wind turbines in Japan (Source: NEDO) 

 

Wind power facilities emit a certain amount of noise due to their power generation mechanism 
in which blades rotate by catching wind to generate power. While the noise level is normally 
not significantly large, there are cases where even a relatively low level of noise causes 
complaints as wind power facilities are often constructed in agricultural/mountainous areas 
that have suitable weather conditions including wind direction and velocity that were originally 
quiet. There have not only been noise complaints but also complaints of inaudible sound of a 
frequency of 20 Hz or less. 

Against such a backdrop, as a result of the amendment of the Order for Enforcement of the 
Environmental Impact Assessment Act in October, 2012, the establishment of wind power 
stations came to be classified as relevant projects under the Act and discussions on the 
environmental impact assessment of wind power facilities have taken place.  

In assessing the impact of noise resulting from the installation of a facility, the procedure of 
environmental impact assessment performed before installation examines "the extent to which 
such noise can be feasibly avoided or reduced" and, if applicable, "whether it is intended to be 
consistent with standards or criteria given by the Japanese government or local municipalities 
from the perspective of environmental protection." For the former examination, the extent to 
which the impact of noise resulting from the implementation of the relevant project can be 
feasibly avoided or reduced is assessed by comparing multiple countermeasures in terms of 
the structure, layout, output, the number of units, and technical noise reduction measures in 
accordance with the maturity of the project plan. The assessment can also be performed by 
examining to what extent more feasible technology can be incorporated, etc. Specifically, 
assessment is made from such viewpoints as whether the local noise level will not be 
significantly raised, whether the layout plan for the project secures a sufficient distance 
between the facility and residences, etc.  
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The Environmental Quality Standards for Noise are generally used for the Environmental 
Impact Assessment. However, the standards are set based on traditional environmental noise 
(i.e. traffic noise or noise from factories), not in terms of noise generated from wind power 
facilities (hereinafter, "wind turbine noise") which has unique acoustical characteristics such as 
amplitude modulation sound. It is thus necessary to develop methods relevant to the 
investigation, prediction, and evaluation of wind turbine noise based on the latest scientific 
findings. 

The Ministry of the Environment of Japan (hereinafter, “MOEJ”) has set up an expert 
committee and examined ideas and issues about methods for investigating, predicting, and 
assessing wind turbine noise from 2013 to 2016. The expert committee published a report on 
the investigation, prediction and evaluation methods of wind turbine noise in November 2016. 
During the development of the report, the MOEJ started a one-month public comment period. 
All comments were considered, and changes were made to the report where appropriate. The 
report compiles recent scientific findings on wind turbines in terms of noise, including the 
results of nationwide field measurements in Japan and the results of review of the scientific 
literature related to the health effects of wind turbine noise. The report sets out methodology 
for investigation, prediction and evaluation as well as case examples of countermeasures. 
Based on the report, MOEJ plans to develop a wind turbine noise guideline and a technical 
manual for wind turbine noise investigation in the fast half of 2017. 

This report introduces the report by the expert committee, the wind turbine noise guideline and 
the technical manual for wind turbine noise investigation. 

 

OUTLINE OF THE REPORT 

The report by the expert committee consists of three parts. The first part explains key findings 
from past researches, namely the field survey measuring wind turbine noise in Japan and a 
literature review on wind turbine noise and human health. The second part proposes methods 
for investigating, predicting and evaluating wind turbine noise. A guideline on wind turbine 
noise is proposed in this part. The third part states the actions recommended by the expert 
committee. The following chapters summarize those three parts of the report.  

 

KEY FINDINGS 

Findings from the field study 

Field surveys measuring wind turbine noise conducted in Japan from 2010 to 2012 revealed 
the following. 

In terms of spectral characteristics, wind turbine noise generally has a spectral slope of -4 dB 
per octave. It has a 1/3 octave band sound pressure level in all parts of the super-low 
frequency range, which means 20 Hz or lower, is below the ISO threshold of hearing for pure 
tones and the criterion curve for the evaluation of low frequency noise proposed by 
Moorhouse et al. (Fig. 2). Super-low frequency range components of wind turbine noise are at 
imperceptible levels. Therefore, wind turbine noise is not an issue caused by super-low 
frequency range. 

In regard to the audible frequency range, in the range from about 40 Hz and above, the 1/3 
octave band sound pressure level is above the said criterion curve and the threshold of 
hearing defined by ISO 389-7. Therefore, wind turbine noise should be regarded as "audible" 
sound (noise) in discussing it.All papers must contain an abstract of max. 180 words. A 
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concise and factual abstract is required. The abstract should state briefly the purpose of the 
research or project, the principal results and major conclusions. An abstract is often presented 
separately from the paper, so it must be able to stand alone. For this reason, references 
should be avoided, but if essential, then cite the author(s) and year(s). Your abstract will be 
published in the printed and in the online program of the congress. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Results of the analysis of frequency characteristics of wind turbine noise 
(at 164 locations in the vicinity of 29 wind power facilities in Japan) 

 

Noise exposure levels of nearby residents from wind power facilities are distributed in the 
range of 26‒50 dB in time-averaged A-weighted sound pressure levels. While this implies that 
wind turbine noise is not significantly higher than other types of environmental noise, it can 
cause serious annoyance to those living residential areas in the vicinity of wind power facilities 
located in extremely quiet agricultural/mountainous areas. 

Low-frequency components of wind turbine noise obtained from field measurements were 
within the range of those of other environmental sounds. 

In Japan, it is known that the following relation holds between LAeq, which properly excludes 
non-relevant noise, and LA90: LAeq≒LA90+2 dB 

It is also generally said that acoustic isolation is not always effective for noise from wind power 
facilities because it contains more low-frequency components. In a quiet environment with little 
noise of other types, it is relatively more easily heard than ordinary noise is. 

 

Findings from the literature review on health effects 

After careful assessment of the evidence obtained from peer reviewed research results from 
around the world, it has been concluded that wind turbine noise has likely no negative effects 
on human health.   

However, amplitude modulation and the tonal sounds of wind turbine noise tend to increase 
annoyance.  Existing research results indicate that wind turbine noise over 35 – 40 dB raises 
annoyance and that the risk of sleep disturbance may increase accordingly.   

No clear association is seen between infrasound or the low-frequency noise of wind turbine 
noise and human health.  

Limit curve proposed 
by Moorhouse et al. 

Threshold of hearing for 
pure tones (ISO 389-7) 
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Some research results have suggested that wind turbine noise related annoyance is also 
affected by other issues such as visual aspects or economic benefits. 

 

METHODS FOR INVESTIGATING AND PREDICTING WIND TURBINE 
NOISE, A PERSPECTIVE FOR ITS EVALUATION, AND RESPONSES 
AGAINST IT 

In light of the findings described in Section 2, the issue of wind turbine noise should be taken 
not as one of super-low frequency sound below 20 Hz but as one of "audible" sound (noise), 
and it should be basically measured at the A-weighted sound pressure level. We here 
summarize matters to be noted in conducting an investigation and/or the prediction of noise 
before and after installing wind power facilities and a perspective for wind turbine noise 
evaluation. 

 

Investigation and prediction before installation 

Matters to be noted upon an investigation 

In selecting a method for investigation, it is necessary to collect various kinds of information in 
light of business and regional characteristics in order to conduct prediction and evaluation 
appropriately. Particularly with regard to wind turbine noise, it is important to distinguish and 
discuss three major issues: 

(1) Sound source characteristics 

It is necessary to pay attention to: 

・ information on the wind power facility concerned, including its specifications, 

manufacturer, model number, hub height, rotor diameter, rated wind velocity, and 
power generation; 

・ the sound power level of the generated noise; 

・ the A-weighted overall value and frequency characteristics (including the 1/3 octave 

band sound power level) of the sound power level at the rated (maximum) output (to 
grasp the situation of maximal environmental impact); 

・ A-weighted overall values and frequency characteristics (including the 1/3 octave band 

sound power level) of sound power levels under different wind velocities; 

・ pure tonal frequency components (to be determined in accordance with IEC 61400-

11:2012); and 

・ existing data pertaining to the same model in operation. 

(2) Propagation characteristics 

In Japan, wind power facilities are often installed in agricultural/mountainous areas. Sound 
waves emitted from a wind power facility installed in an agricultural/mountainous area are 
affected by various factors before propagating to a sound receiving point (assessment point), 
in comparison with one installed on a large, flat piece of land such as a plain or desert. Its 
noise level and frequency characteristics tend to change due to phenomena including 

EXHIBIT A5-2

Page 5 of 11 
014903



6 

 

reflection, absorption, transmission, refraction, and diffraction. It is therefore necessary to pay 
attention to: 

・ phenomena such as the reflection, absorption, or diffraction of wind turbine noise due 

to undulating terrain or ridges, 

・ the state of the ground surface (including rivers and lakes), and 

・ meteorological information such as wind conditions including wind direction, velocity, 

and frequency. 

(3) Information on a sound receiving point (assessment location) 

With regard to locations where an investigation is conducted, focusing on the daily life and 
activities of residents in the vicinity of a wind power facility, it is necessary to pay attention to: 

・ the configuration of establishments particularly requiring consideration for 

environmental conservation such as schools and hospitals and the outline of housing 
configuration (including the structure of each house), and 

・ the state of the acoustic environment (degree of quietness) of the area in question. 

(4) The specific method for investigation 

In measuring residual noise in a given area, it is necessary to pay attention to the following. 

a. Sound to be excluded 

Sounds of the types given below should be excluded. Since wind power facilities operate 
when wind is blowing, noises caused by wind such as the sound of rustling leaves are not 
excluded. ("Wind noise" generated by wind hitting a sound level meter's microphone is 
excluded, however.) 

i) transitory noise such as the sound of automobiles passing nearby and aircraft noise 

ii) artificial sound not occurring regularly such as sound generated by accidents/incidents, 
vehicles driven by hot-rodders, emergency vehicles, etc. 

iii) natural sound not occurring regularly such as sound generated by natural phenomena 
including rain and defoliation, animals' cries, etc. 

iv) sound incidental to measurement such as the voice of a person talking to a measurer, 
sound of tampering with measuring instruments, etc.  

b. Surveying and other equipment 

As the wind is generally strong in areas around wind power facilities, it is important to use a 
windbreak screen in order to avoid the effects of wind noise to the extent possible when 
measuring residual noise. Several kinds of urethane spherical windbreak screens of different 
diameters are commercially available. In general, the larger the diameter of such a screen is, 
the less likely a sound level meter inside the screen will be affected by wind noise. Installing a 
windbreak screen can reduce the impact of wind noise up to a wind velocity of around 5 m/s. 

c. Survey areas and locations 

Considering the propagation characteristics of wind turbine noise, the survey targets areas 
susceptible to an environmental impact by wind turbine noise, such as residential areas in the 
vicinity of a wind power facility (generally within a radius of about 1 km from a wind turbine). 
An area in which a quiet environment should be conserved such as hospital premises may be 
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included in these target areas. In selecting specific survey locations in the survey areas, in 
addition to locations where a wind power generation facility is planned to be installed, such 
locations are to be selected that are immune to local impacts of particular sound sources 
where the average level of noise in the relevant area can be assessed, including residential 
areas around the wind power generation facility. Measurement is to be performed at an 
outdoor location 3.5 m or more distant from a reflective object, excluding the ground. 

d. Survey period and hours 

In order to grasp conditions throughout the year accurately, a survey is to be conducted in 
each period of the year for different typical meteorological conditions under which a wind 
turbine operates (for instance, each season if meteorological conditions vary greatly by 
seasons). 

The period of a single survey should be appropriately determined in consideration of the time 
variation of noise due to the impact of meteorological conditions and other elements.  As 
measurement values may be unstable depending on wind conditions, a survey should be 
performed for three or more consecutive days in principle. The survey should be conducted 
both during the day (6:00‒22:00) and at night (22:00‒6:00) hours. 

 

Matters to be noted in prediction 

As mentioned above, in Japan, wind power facilities are often installed in 
agricultural/mountainous areas. In comparison with cases where such a facility is installed on 
a large, flat piece of land such as a plain or desert, sound waves emitted from a wind power 
facility installed in a mountainous area diffuse in a more complicated manner as they 
propagate due to the influence of geological states, vegetation, meteorological conditions such 
as wind conditions, etc. In addition, it should be noted that the propagation of wind turbine 
noise is extremely complicated as it is subject to attenuation by distance, reflection and 
absorption by the ground surface, reflection and diffraction by acoustic obstructions, 
attenuation by atmospheric absorption, etc. 

Among the prediction methods used, while "ISO 9613-2：1996" allows incorporation of more 

detailed conditions, the prediction calculation becomes rather complex. Furthermore, there is 
the problem of how the reflection rate should be calculated in cases where the effect of 
reflection by the ground surface becomes an issue, as is the case with a wind turbine installed 
on a ridge.   

The New Energy and Industrial Technology Development Organization (hereinafter, "NEDO") 
published a prediction method for the environmental impact assessment of wind power 
generation in July, 2003 (revised as the second version in February, 2006). This models wind 
power facilities as sound source points and uses sound power levels provided by 
manufacturers of wind power generators. This method takes into account distance attenuation 
due to sound diffusion in the propagation process and attenuation by atmospheric absorption.  
While this method can be used easily, it is difficult to consider meteorological effects, etc. 

It is necessary to pay attention to such characteristics of methods in making predictions. 
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Survey after the installation of a wind turbine 

As stated in Section 3.1, predicting wind turbine noise involves elements with large uncertainty 
such as emission characteristics of noise from the source and effects of meteorological 
conditions as well as the terrain and structures in the propagation process. Predicted values 
before the installation of a wind turbine and measured values after installation may sometimes 
differ greatly. 

We here summarize matters to be noted in a survey after the installation of a wind turbine. 

(1) Conditions of measurement  

It is necessary to grasp the conditions of measurement and other relevant local matters that 
may impact the propagation of noise. At least, one should grasp the wind direction and 
velocity at the nacelle height, the variation of power output, and meteorological data required 
for calculating the attenuation by atmospheric absorption (wind direction and velocity, 
temperature, and humidity). 

(2) Survey method  

Wind turbine noise varies greatly according to the wind conditions, and a wind turbine often 
starts and suspends operation repeatedly. Therefore, measurement should be performed in 
appropriate hours considering the state of operation of the wind power facility in question. For 
example, a method is conceivable that measures the average level in a 10-minute period in 
which wind turbine noise is stable (10-minute equivalent noise level: LAeq, 10 min) and regards 
it as the representative value. If the relevant wind power facility operates steadily for many 
hours, it is effective for obtaining robust data, for instance, to measure noise for 10 minutes 
every hour on the hour and calculate the average energy over the entire period of time. 

For measurement locations, period, etc., refer to what is noted for a survey before the 
installation. 

(3) Survey Results 

The representative value of a survey after the installation of a wind power facility should be 
taken as the A-weighted equivalent sound pressure level measured over a period of time in 
which the effect of wind turbine noise is at its maximum and in which the effect of background 
noise is low (e.g. during night time). It is also required to confirm whether there is any pure 
tonal component. 

The equivalent noise level during operation can be estimated by adding around 2 dB to the 
noise level exceeded for 90% of the measurement period (LA90). 

 

Evaluation of wind turbine noise 

With regard to the evaluation of wind turbine noise, the expert committee proposed the 
development of a new guideline. Detailed proposals on the new guideline are as follows: 

 

 The guideline should be applied when a wind power facility will be newly built or a 
wind power facility will be retrofitted to add a power generation facility.  

 As a guideline value, “residual noise + 5dB” is proposed.  
 Residual noise should be measured when wind is steady. 
 In low noise environments, a lower limit for wind turbine noise should be set since 

there is no acoustic benefit. Wind turbine noise should be limited to 35dB in the 
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Figure 4: Image of guideline value 

 

RECOMMENDED ACTION 

The expert committee recommended actions to be taken by stakeholders.   

As for operators and manufacturers of wind power facilities, recommended actions include 
accumulating survey data after the installation of wind power facilities, promoting R&D for 
noise abatement technologies such as low noise blades.  . 

As for administrative agencies (the government of Japan and local municipalities, 
recommended actions include developing a wind turbine noise guideline and a detailed 
technical manual for investigation.   

As for all parties concerned, recommended actions include facilitating communication among 
stakeholders.   

 

WIND TUBINE NOISE GUIDELINE AND TECHINICAL MANUAL 

On the basis of the report by the expert committee, MOEJ is developing a wind turbine noise 
guideline and a detailed technical manual for wind turbine noise investigation to be finalized in 
the fast half of 2017. 

The key points of noise guideline are as follows: 

 All parties related on wind turbine should consider the social, geographical, or 
meteorological characteristics of the location of wind power generations and the 
noise from them. 

 The guideline aims to prevent possible noise related effects to protect living 
environment (indoor environment) of neighborhood residents before installation of 
a new wind power facility. 

 A guideline value of wind turbine noise should be set as “residual noise + 5dB” 
where residual noise level is above 35-40 dB. 

 Evaluation should be made based on outside noise data both day and night.  
 
The technical manual covers following points: 

 Methods to investigate wind speed and directions,  
 Methods to investigate residual noise including site selection, sampling period, and 

necessary equipment,  
 Methods to investigate wind turbine noise including site selection, sampling period,  

and necessary equipment 
 Methods to process collected data   
 Recommended formats to record data 

 

CONCLUSION 

This paper summarizes the basic ideas and methods proposed by the report published by the 
expert committee on wind turbine noise in November 2016, a noise guideline and a technical 
manual for wind turbine noise investigation which will be finalized in the fast half of 2017. 
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Foreword

this booklet, Wind Turbines in Denmark, aims 

to provide a general introduction to wind turbines 

in denmark. it is directed at municipalities, wind 

turbine players and other interested parties, who 

will gain insight into relevant topics relating to 

wind turbines. the descriptions of the individual 

topics are intended to answer and elaborate on 

questions that are frequently asked about wind 

turbines.

in 2007 the danish Government’s Planning 

Committee for onshore wind turbines published a 

report containing, among other things, a recom-

mendation that there should be an increase in 

government information and advice on wind 

power for the municipalities and the public in gen-

eral. this booklet is a response to that recommen-

dation.

Further information on wind turbines can be found on the websites of the danish energy agency 

(www.ens.dk), the agency for spatial and environmental Planning (www.blst.dk), the danish 

environmental Protection agency (www.mst.dk), and Caa-denmark (www.slv.dk). references to 

other relevant websites can be found elsewhere in the booklet.

section 1 (“wind power – one of the solutions to the challenges of energy policy”) gives an intro-

duction to the evolution of renewable energy, the goals of energy policy, and the challenges pre-

sented by wind power. section 2 (“the history of danish wind power”) provides facts about wind 

turbines and their development up to the present day. section 3 (“wind turbines and their sur-

roundings”) describes the environmental features of wind turbines, highlighting shadow and noise 

as local challenges of wind turbines. 

section 4 (“onshore wind turbines”) covers the general regulations for erecting onshore turbines 

and the special regulations that apply for household wind turbines and small wind turbines. section 

5 (“offshore wind turbines”) describes offshore wind turbines and the administrative ‘one-stop 

shop’ set-up. 

section 6 (“new schemes in the danish Promotion of renewable energy act”) discusses the four 

schemes that were agreed politically in the Energy Policy Agreement of 21 February 2008 and 

incorporated into the Danish Promotion of Renewable Energy Act: namely, the loss-of-value 

scheme, the option-to-purchase scheme, the green scheme, and the guarantee scheme. section 7 

(“tariffs for electricity produced by wind turbines”) presents the price supplements that are paid for 

wind turbine electricity. Finally, section 8 (“incorporation of wind power into the electricity system”) 

examines wind power production in the context of the overall european electricity system.

sections 3, 4 and 6 are aimed in particular at the municipalities and the planning that they under-

take with regard to the erection of onshore wind turbines.

this booklet has also been published in danish.
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1.  wind Power – one oF tHe solutions 
 to tHe CHallenGes oF enerGy PoliCy

 
 
Factbox
WIND TurbINes IN  

The EnERgy Policy AgREEmEnt

as part of the efforts to secure the target of  

a 20% wind power share in 2011, the Energy 

Policy Agreement of 21 February 2008 introduc-

es a number of improvements in the conditions 

for erecting wind turbines:

•	 The	supplement	to	the	market	price	for	new	

onshore wind turbines is increased to dkk 

0.25 per kwh for 22,000 full-load hours. dkk 

0.023 per kwh as compensation for balancing 

costs, etc., is retained 

•	 The	scrapping	scheme	is	amended	to	give	an	

additional price supplement of dkk 0.08 per 

kwh for 12,000 full-load hours. the deadlines 

for connecting new wind turbines to the grid 

under the scrapping scheme are extended

•	 The	municipalities	are	required	to	plan	for	75	

mw wind turbines in each of the years 2010 

and 2011

•	 A	number	of	schemes	are	introduced	to	pro-

mote local acceptance of new onshore wind 

turbines: 1) a loss-of-value scheme gives 

neighbours the right to claim compensation 

for loss of value on their property if the loss 

is assessed to be at least 1% of the property’s 

value; 2) an option-to-purchase scheme gives 

the local population the right to purchase at 

least 20% of new projects involving wind 

turbines with a total height of more than 25 

metres; 3) a guarantee fund of dkk 10 million 

helps local wind turbine owners’ associations 

to finance preliminary investigations, etc.; 4) 

a green scheme offers subsidies for municipal 

projects that enhance scenic values in local 

areas where new wind turbines are erected

•	 A	total	of	400	MW	offshore	wind	turbine	ca-

pacity is being tendered out and is expected 

to be put into operation in 2012 (the anholt 

project)

•	 The	Offshore Wind Turbine Action Plan of 

September 2008 is being updated, and 

earlier site development is being considered. 

Clearer guidelines are being set out for the 

establishment of new offshore wind turbine 

projects via an “open-door” procedure

1.a. The challeNges OF eNergy aND   

 clImaTe pOlIcy

since the first oil crisis in 1973 denmark has 

transformed its energy supply and developed 

its own production of oil, natural gas and 

renewable energy. at the same time, energy 

has been greatly optimised so that, in spite of 

considerable economic growth during this peri-

od, there has only been a marginal increase in 

energy consumption. denmark is therefore bet-

ter prepared for international energy crises 

than most other countries, regardless of 

whether the challenges relate to supply or 

price. Furthermore, danish emissions of the 

greenhouse gases covered by the kyoto 

Protocol were reduced by around 8% in the 

period 1990-2008.

in spite of these results, danish society is still 

facing major challenges in its energy and climate 

policies. denmark is expected, with its existing 

fields and finds, to be a net exporter of oil and 

natural gas for about 10 more years, although 

technological advances and any new finds may 

bring further production and extend this period. 

but there is a need to build up alternative sus-

tainable energy production while there is still 

time. in A visionary Danish energy policy 2025 

the danish Government presented a vision for 

the long-term phasing-out of fossil fuels such as 

coal, oil and gas, and appointed the Climate 

Commission to set out specific directions for how 

this can be done. a phasing-out of fossil fuels 

will strengthen long-term supply reliability and 

contribute to a reduction in Co2 emissions.

1.b.  eNergy pOlIcy ObjecTIves

A visionary Danish energy policy 2025 was 

published in January 2007. it was followed by 

the Energy Policy Agreement of 21 February 

2008 between the danish Government and all 

of the parliamentary parties with the exception 

of the red-Green alliance. this agreement sets 

out ambitious goals for the development of 

renewable energy and for energy savings. a 

specific goal is that, compared to 2006, gross 

energy consumption should be reduced by 2% 

by 2011 and by 4% by 2020. Furthermore, 

renewable energy should cover at least 20% of 

denmark’s gross energy consumption in 2011.

in order to achieve these goals, the Energy 

Policy Agreement of 21 February 2008 contains 

a number of resolutions on, among other 

things, improving the feed-in tariff for electricity 

from new wind turbines, biomass incineration, 

biomass gasification, and biogas. Funding was 

allocated to promote the introduction to the 

market of newly developed renewable energy 

technologies such as solar cells, thermal gasifi-

cation of biomass, and wave power, and gov-

ernment support for the research, development 

and demonstration of energy technologies will 

be increased to dkk 1 billion in 2010.

the agreement also contains a range of initia-

tives aimed at promoting local acceptance of and 

commitment to new onshore wind turbine 

projects. neighbours will be entitled to seek com-

pensation for loss of property value due to the 

erection of wind turbines. a local option to pur-

chase has been introduced for new wind turbine 

projects. local wind turbine owners’ associations 

can apply for a guarantee covering their financing 

of essential preliminary investigations. and 

municipalities where new wind turbine projects 

are established will have access to subsidies from 

a green scheme for new wind turbine projects.

the agreement of 21 February 2008 also 

includes initiatives to further promote the devel-

opment of wind power. a follow-up to the 2004 

scrapping scheme for old wind turbines was 

agreed. and it was also decided that the danish 

minister for the environment should conclude an 

agreement on behalf of the danish Government 

with local Government denmark with a view to 

facilitating local wind turbine planning. in april 

2008 the minister duly signed just such an 

agreement with local Government denmark 

setting out the goals for local planning of 

onshore wind turbines. in connection with this, 

the danish ministry of the environment’s wind 

turbine secretariat was established to assist the 

municipalities with their planning.

Finally, the supporting parliamentary parties 

agreed that 400 mw of new offshore wind tur-

bine capacity should be established and opera-

tional by the end of 2012.
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1.c. eu eNergy aND clImaTe pOlIcy

the aims of the eu as a whole are for emis-

sions of greenhouse gases to be reduced by 

20% compared to the 1990 level, for renewa-

ble energy to constitute at least 20% of energy 

consumption (and at least 10% in the transport 

sector), and for energy efficiency to be 

improved by at least 20%, all by 2020: the so-

called “20-20-20 in 2020”.

the obligations to develop renewable energy 

are spread throughout the 27 member states 

according to a range of criteria. denmark must 

improve its development of renewable energy 

so that it can cover 30% of energy consump-

tion in 2020. it is a matter for the member 

states themselves to choose the renewable 

energy technologies that best suit their local 

energy resources and energy systems. in 

denmark, biomass (including waste) and wind 

power are expected to be the chief renewable 

energy sources leading up to 2020.

1.D.  WIND pOWer  

 – a challeNgINg sOluTION 

the danish climate makes wind power one of 

the most obvious renewable energy sources 

because the wind conditions are more favoura-

ble for electricity production than in most other 

european countries. added to this, since the 

end of the 1970s denmark has been building 

up a strong technological and research compe-

tence within wind power, and wind turbines 

have undergone such considerable technologi-

cal advances that wind has become one of the 

most competitive renewable energy sources. in 

2008 the combined global market share of the 

two largest danish wind turbine manufacturers 

was just over 27%.

However, although wind turbines can thus be 

regarded as an important part of the solution 

to denmark’s obligations, wind power is also a 

technology that presents certain social chal-

lenges. even though wind turbines have under-

gone considerable technological advances, it is 

still more costly to produce electricity with 

wind turbines than with conventional thermal 

power plants, especially all the while that the 

external environmental costs of conventional 

electricity production are not fully incorporated 

into the market price. in accordance with the 

applicable regulations, the additional costs of 

producing electricity with wind turbines are 

paid for by the electricity consumers as a pub-

lic service obligation (Pso) that is collected 

through their electricity bills.

in comparison with fuel-fired power plants, 

electricity production from wind turbines is also 

more unstable because wind turbines do not 

produce electricity at low wind speeds (less 

than 4 metres per second) or high wind speeds 

(more than 25 metres per second). under aver-

age wind conditions, an onshore wind turbine 

can produce electricity for 6,000-7,000 hours a 

year, corresponding to 70-80% of the total 

hours in the year. but the production fluctuates 

with the wind speed. this presents special chal-

lenges for the electricity system in incorporating 

the varying electricity production, and it is nec-

essary for the system to operate with a reserve 

capacity in the form of power plants or cross-

border connections in order to be able to cover 

the danish electricity requirement in periods 

when the wind turbines are idle. Furthermore, 

work is being carried out to improve the incor-

poration of wind power, among other forms, by 

making the individual turbines easier to regu-

late. and the possibilities of using intelligent 

electricity meters, electric cars and heat pumps 

are being investigated.

wind turbines erected onshore are often highly 

visible in the landscape. this is particularly true 

of the latest mw wind turbines, which have 

rotating blades that reach more than 125 

metres high. although new wind turbines have 

been designed to minimise noise nuisance, the 

turbines can still be both seen and heard in the 

immediate surroundings, which means that 

restrictions on distance to neighbours are 

imposed and the municipalities are obliged to 

consider the landscape in the planning that 

underpins the siting of new wind turbines. as a 

result of the ambitious objective for renewable 

energy, the danish Government is seeking to 

promote the erection of new, more efficient 

wind turbines both offshore and onshore. l

FIGURE 1.1. PRODUCTION OF RENEWABLE ENERGY
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The production of renewable energy in 2008 was calculated at 

121.5 PJ, which was 1.4 PJ less than the year before. In 2008, 

the production of wind power fell by 0.9 PJ to 24.9 PJ due to 

poor wind conditions. Under the Energy Policy Agreement of 

2008, renewable energy should cover at least 20% of gross 

energy consumption in 2011.
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2.a. hOW a WIND TurbINe  

 Is cONsTrucTeD

a wind turbine is a machine that converts the 

kinetic energy of wind into electricity. the idea 

of taking energy from wind has been known 

and exploited for centuries in many countries. 

in denmark, wind power has historically been 

used to produce mechanical energy for, among 

other things, grinding corn.

the size of a wind turbine can be stated in sev-

eral ways. it can be the wind turbine’s maxi-

mum electrical output, its height from the 

ground to the top of the blade tip, the blade’s 

diameter, or the area that the rotor’s three 

blades cover in one revolution. by way of 

example, we might have a wind turbine of 1 

mw (1,000 kw), a total height of 77 metres, a 

swept area (rotor diameter) of 54 metres, and 

a rotor area of 2,300 square metres.

a modern wind turbine consists of a rotor (the 

danish design has three blades) that drives a 

generator that produces electricity. the rotor 

and generator are installed at the top of a 

tower, which stands on a foundation in the 

ground or in the seabed. the turbine cap 

(nacelle) and the blades are controlled based 

on measurements of the wind direction and 

speed. in order to ensure the best possible 

incorporation of the wind turbine’s production 

into the electricity system, new wind turbines 

are fitted with advanced control electronics, 

and a modern wind turbine consists of up to 

10,000 different components.

2.b.  WIND TurbINe  

 elecTrIcITy prODucTION

in simple terms, a wind turbine not only utilis-

es the wind’s pressure on an obliquely posi-

tioned blade, but also utilises the fact that the 

air current around the blade creates a negative 

pressure on the rear of the blade in relation to 

the wind. the force from this negative pressure 

produces a draught that causes the blades to 

rotate.

the electricity production of a wind turbine 

depends on wind conditions. obviously the 

wind does not blow constantly, and wind 

speed varies greatly from place to place and 

over time. on average, the wind blows more at 

sea than on land. in denmark, it blows most 

along the western and southern facing coasts 

and least inland. a turbine on the west coast of 

Jutland generally therefore produces twice as 

2. tHe History oF  
 danisH wind Power
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TechNIcal specIFIcaTIONs OF a v90 Nacelle

WIND TurbINe sIZes

tall forest trees
Height 33 m

village church and  
free-standing trees
Church 16 m
trees 19 m

Treelined farmyard, grain 
silo and cattle house
Farmhouse 6.5 m
Cattle house 12 m
Grain silo 24 m

1985
wind turbine 225 kw
Hub height 30 m
total height 45 m

High-voltage mast
132 kV (elkraft)
Height 30 m

High-voltage mast
400 kV (elkraft)
Height 42 m
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much as a turbine of the same size located on 

an unwindy point inland. Future wind turbines 

will generally be of megawatt scale. and as 

future turbines will be far more efficient, sig-

nificantly fewer turbines will be needed for 

electricity production.

the electrical output of a wind turbine is meas-

ured in kw or mw (1,000 kw), while the pro-

duction volume is measured in kwh or mwh. 

the maximum output that a wind turbine can 

produce is referred to as the rated output or, in 

popular terms, the turbine size. a wind turbine 

of 2 mw can thus produce a maximum output 

of 2 mw, typically at wind speeds of 15-25 

metres per second. at maximum production, 

the turbine produces 2 mwh (2,000 kwh) in 

one hour, equivalent to half of an average 

danish family’s annual electricity consumption. 

or, to put it another way, a 2 mw wind turbine 

can produce electricity for around 1,000 electric 

kettles with an output of 2 kw switched on at 

the same time.

the majority of wind turbines are designed so 

that they start producing electricity at a wind 

speed of 4 metres per second and reach their 

maximum production volume at wind speeds 

of 12-15 metres per second. For safety reasons, 

the wind turbines stop running if the wind 

speed exceeds 25 metres per second. the wind 

meter on the individual turbine informs the 

turbine’s control system when the wind speed 

is sufficient to make electricity production 

worthwhile (4 metres per second) or when the 

wind becomes too strong. in the latter case, 

when the wind drops so that it is safe to start 

producing again, the control system is 

informed so that the turbine can be restarted. 

For safety reasons, a wind turbine is fitted with 

two independent braking systems, at least one 

of which must be aerodynamic.

a new large onshore wind turbine sited where 

there are good wind conditions will typically 

produce at maximum output for around 2,500 

hours a year. in an average wind year, this type 

of wind turbine will be able to produce around 

5,000 mwh, equivalent to the annual electricity 

consumption of 1,250 single-family homes 

with an electricity consumption of 4,000 kwh. 

an offshore wind turbine will typically be able 

to produce 3,000-4,000 hours a year at maxi-

mum output; most for locations in the north 

sea, less in the baltic region and internal 

danish waters.
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The use of wind power increased greatly in the second half of 

the 1990s, reaching around 15% of the overall electricity sup-

ply in 2000. Since then, the share of wind power has further 

increased to around 19%. The total wind power output, which 

exceeds 3,000 MW, is produced by just over 5,000 wind tur-

bines.

High-voltage mast
400 kV (elkraft)
Height 42 m

1995
wind turbine 660 kw
Hub height 40 m
total height 63 m

2000
wind turbine 1,750 kw
Hub height 60 m
total height 93 m

2004
wind turbine 2.3 mw
Hub height 80 m
total height 126 m

2007
wind turbine 3.6 mw
Hub height 90 m
total height 143.5 m

Illustration: Birk Nielsen
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2.c. The DevelOpmeNT  

 OF DaNIsh WIND TurbINes

the first batch-produced danish wind turbines 

from the late-1970s had an output of 22 kw, 

and the wind turbines were gradually scaled up 

to 55, 75 and 95 kw through the course of the 

1980s. alongside this commercial production, a 

government-funded development programme 

was undertaken by the electricity companies to 

test considerably larger pilot wind turbines. 

since the 1980s, the wind turbine industry’s 

commercial products have become increasingly 

larger-scale, and the largest commercial wind 

turbines produced by danish manufacturers 

today are 3 mw (Vestas) and 3.6 mw (siemens 

wind Power) respectively.

the 3.6 mw wind turbine has a rotor diameter 

of 107 metres, a swept area of 9,000 square 

metres, and a hub height of 80-100 metres 

depending on the conditions at the erection 

site. the 3.6 mw wind turbine can thus reach a 

total height of more than 150 metres and a 

weight of around 465 tons.

the number of wind turbines in denmark peak-

ed in 2000 at more than 6,200, of which more 

than half were older wind turbines with an 

electrical output of less than 500 kw. since 

then, the number of wind turbines has de- 

creased by around 1,000, while the total in- 

stalled output has grown from just under 2,400 

mw in 2000 to just under 3,400 mw end of 

2009. in the same year, smaller wind turbines 

with an output of less than 500 kw accounted 

for around 11% of the total installed output.

the wind power share of the domestic electric-

ity supply has been growing steadily since 

1980. in 1990, the share was 1.9%, and since 

then it has increased sharply. in 1999 the fig-

ure topped 10%, and in 2008 it reached 19.1% 

of the electricity supply. in A visionary Danish 

energy policy 2025 from 2007 the danish 

Government formulated an objective of more 

wind power through strategic planning of wind 

turbine development. this includes a good 

framework for danish wind capacity and the 

promotion of onshore and offshore demonstra-

tion and pilot sites as well as the drafting of an 

infrastructure plan for offshore wind turbines.

in 2008, the wind turbine industry’s danish 

production sites had a gross turnover of dkk 53 

billion, and overall exports reached dkk 42 bil-

lion, equivalent to 7.2% of total danish 

exports. the wind turbine sector had 28,400 

employees at the end of 2008.

2.D. publIc INvOlvemeNT

the development of wind power in denmark 

has been characterised by strong public 

involvement. it was small machinery manufac-

turers that created the established wind tur-

bine industry, and only after the consolidation 

of the industry through the 1990s did it 

become dominated by large, partly internation-

ally owned and listed companies. similarly, on 

the customer side numerous joint-owned wind 

turbines were established in the period 1984-

94. around two thousand of the 5,200 danish 

wind turbines are still owned by local wind tur-

bine owners’ associations. these are mostly 

older, smaller wind turbines because the 

majority of wind turbines erected since 1995 

are owned by individuals, energy companies 

and other commercial wind power companies.

the progression towards fewer joint-owned and 

relatively large wind turbines has made it diffi-

cult to maintain local support for new wind 

power projects. but to ensure continued devel-

opment of wind power, it is essential to have 

backing in the local community. the Energy 

Policy Agreement of 21 February 2008 therefore 

stipulated that a range of new initiatives should 

be undertaken to promote local acceptance and 

option to purchase wind turbines shares of new 

wind power projects. the regulations are exam-

ined in more detail in section 6. l

FIgure 2.3 breaKDOWN OF eXIsTINg TurbINes by OuTpuT aND INsTallaTION year

Period 0-225 kw 226-499 kw 500-999 kw 1,000+ kw total

78-84 91 1 0 0 92

85-89 425 43 6 0 474

90-94 616 169 65 0 850

95-99 218 91 1687 73 2069

00-04 44 2 812 526 1384

05-09 33 0 26 150 209

Total 1427 306 2596 749 5078

Source: Danish Energy Agency

Danish wind turbines have undergone considerable upscaling. 

Up to the mid-1990s, the majority of wind turbines that were 

erected had an output of 225 kW or less, and a large propor-

tion of these have since been replaced by fewer, larger wind 

turbines under the “scrapping schemes”. Most of the wind tur-

bines erected in the last decade have had an output above 

500 kW. The largest new Danish wind turbines have an output 

of 3.0-3.6 MW.

FIGURE 2.3 BREAKDOWN OF EXISTING TURBINES 
                 BY OUTPUT AND INSTALLATION YEAR
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3. wind turbines  
 and tHeir surroundinGs

3.a.  eNvIrONmeNTal FeaTures  

 OF WIND TurbINes

clImaTe aND aIr pOlluTION

wind power is regarded as an environmentally 

renewable energy source because producing 

electricity with wind turbines does not entail 

the use of fossil fuels such as oil, natural gas 

and coal. in terms of energy supply, wind 

power is advantageous because the source of 

the electricity production, i.e. wind, is renewa-

ble and the electricity from wind turbines is 

not therefore conditional on the import of fuels 

or the use of limited resources. in terms of the 

environment and climate, wind power has 

major benefits because it is not associated 

with atmospheric emissions of Co2, so2, nox 

and particles, as is the case to a greater or 

lesser extent with power plants that use fossil 

fuels.

emissions of so2, nox and particles pollute the 

regional and local environment around the 

power plants, while emissions of Co2 from 

electricity production are regarded as the larg-

est global contributor to the greenhouse effect, 

which is considered by the un’s intergovermen-

tal Panel on Climate Change (iPCC) to be a seri-

ous threat to the climate. “Greenhouse effect” 

is a term that denotes the changed balance 

between incoming solar radiation and heat 

radiated out into space, which arises due to 

human-created discharges of greenhouse gases 

such as Co2, methane and nitrous oxide.

eNergy balaNce

the energy balance of wind turbines over their 

lifetime is analysed using a life cycle assess-

ment (lCa) that covers energy consumption 

and other effects of production, erection, ongo-

ing operation, and scrapping when the wind 

turbine no longer can or needs to produce 

electricity. in this assessment, raw materials for 

the wind turbine’s components as well as ener-

gy consumption for production, transport, oper-

ation and disposal are incorporated as a nega-

tive impact on the environment. the positive 

side includes the wind turbine’s overall electric-

ity production and any recyclable materials.

assessed over the wind turbine’s normal life-

time of 20-25 years, the negative environmen-

tal impact is minimal compared with the aver-

age european electricity production. over 20-25 

years the wind turbine will typically produce 

more than 35 times the energy production 

involved in its manufacture, operation, etc. a 

modern mw wind turbine will take around 

seven months to produce the amount of ener-

gy used in its manufacture, erection, operation 

and disposal.

3.b. ImpacT ON The  

 ImmeDIaTe surrOuNDINgs

the planning and environmental legislation 

sets out requirements to ensure that a wind 

turbine project will not cause major damage or 

nuisance to its surroundings, including noise 

and spacing requirements. it is also assumed 

that as a rule an environmental impact assess-

ment (eia) will be carried out as part of the 

detailed planning for specific projects. as well 

as describing the environmental impacts, this 

ensures, among other things, that the legisla-

tive requirements are observed. the overall 

impact of wind turbines on their immediate 

environment includes visual impact, noise, 

shadow, the effects of lighting, impacts on 

nature, etc. the nature of these impacts 

depends on how the wind turbine is positioned 

in the landscape, the type of landscape, the 

wind turbine’s size, and proximity to the wind 

turbine. in order to minimise the overall 

impact, when planning the siting of wind tur-

bines the municipalities should seek to limit 

these nuisances, including ensuring that noise 

and spacing requirements are observed. 

similarly, wind turbine manufacturers are con-

tinuously working to optimise turbine design 

so that they not only produce optimally but 

also reduce the impact on their surroundings as 

much as possible.

shaDOW

a wind turbine casts shadows when the sun is 

shining. in windy, sunny weather, an area of 

the turbine’s surroundings will be affected by 

rotating shadows from the blades. in denmark 

the area lying to the south of the wind turbine 

will never be affected by shadow from the 

blades. nuisance from shadow, which takes the 

form of a rapid change between direct light 

and short “flickers” of shadow, depends on 

Photo: w
ind turbine secretariat

IllIllustration: Odense Environment Centre, based on calcula-

tions from CUBE Engineering

FIgure 3.1. 
shaDOW charT IN The eIa

In new wind turbine projects, the project developer must pro-

vide information in an Environmental Impact Assessment (EIA) 

on the shadow cast by wind turbines. The chart shows the area 

of calculated shadow for “real case” (weather-dependent) in 

relation to Danish neighbours in an alternative project involv-

ing 5 x 3 MW wind turbines at Rens Hovedgaard Plantage in 

Aabenraa Municipality. Number of hours per year.
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Factbox
shaDOW

shadows cast by rotating turbine blades are ex-

perienced by neighbours as a nuisance, with the 

shadows passing across their homes for a short 

duration but at a high frequency. the applicable 

spacing requirements ensure that neighbours 

are mainly subjected to shadows in the early 

morning and late evening. shadow is normally 

calculated as “real case”, i.e. taking into consid-

eration the normal distribution of sunshine hours 

and wind. Possible remedial measures include 

switching off the wind turbines at critical times. 

where the wind turbine is standing from the 

perspective of the neighbour, the distance 

between the wind turbine and the neighbour, 

the wind turbine’s hub height, and the length 

of the blades.

the critical times for shadow occur mainly in 

the early morning and late evening, with long 

shadows at a greater distance from the wind 

turbines than the neighbour distance require-

ment of four times the total height of the wind 

turbine. the impact of shadow is calculated as 

the total number of hours annually that a 

neighbour is subjected to shadow and will vary 

with seasonal changes in the weather. the 

assessment of the anticipated number of annu-

al hours of shadow is therefore calculated 

based on the anticipated normal distribution of 

operating hours and sunshine hours during the 

course of the year.

it is recommended that the calculated normal 

distribution of shadow hours for neighbours not 

exceeds 10 hours a year. by taking these issues 

into consideration in the planning of wind tur-

bine sitings, the periods during which shadow 

actually occurs can be limited. if a full assess-

ment shows that the most suitable siting 

entails that the recommended maximum of 10 

hours’ shadow cannot be observed, the owner 

of the wind turbine may alternatively be re- 

quired to shut down the wind turbine in critical 

periods. the wind turbines can be fitted with 

meters so that the operation can be halted if 

the sun shines during critical periods; this can 

reduce operating losses.

reFlecTION

as wind turbine blades must have a smooth 

surface to be able to produce optimally and 

repel dirt, the blades can produce reflective 

flashes. as part of the type-approval of wind 

turbines, the reflective qualities of the blades 

are stated. typically, the reflective effect of the 

blades will be halved during the wind turbine’s 

first year of operation, and in their planning 

the municipalities can set requirements for 

anti-reflective treatment of the blades. 

normally, the blades from the manufacturer 

will be surface-coated to obtain a low gloss. 

usually the gloss value will be less than 30, 

which is regarded as sufficiently low for reflec-

tions from the wind turbine not to be a prob-

lem.

marKINg OF WIND TurbINes  

IN relaTION TO aIr TraFFIc 

in order that installations should not compromise 

the safety of air traffic, any obstacles – including 

wind turbines – with a total height of more than 

100 metres must be approved by Civil aviation 

administration-denmark (Caa-denmark). around 

state-approved airports and airfields, aircraft are 

protected against obstructions using the ap- 

proved obstacle limitation surfaces. the approach 

plan’s height restrictions are registered with 

easements or notified in the municipal plans. 

all wind turbines with a total height of mini-

mum 150 metres must be provided with high-

intensity, white flashing lights. the exact regu-

lations are set out in the BL 3-10 Regulations 

for Civil Aviation based on applicable interna-

tional standards and recommendations. the 

basis for the regulations is a desire for obstruc-

tions to air traffic to be visible at a suitable dis-

tance so that the pilot can take the necessary 

operational actions in time. in the case of wind 

turbines of 100-150 metres in height, which 

will typically be pertinent in connection with 

projects under the scrapping scheme and new 

onshore wind turbines, Caa-denmark will carry 

out a specific assessment of the need for mark-

ing, including taking into consideration danish 

defence’s assessments of military flights in the 

area. under normal circumstances, the marking 

of the wind turbines with low-intensity fixed 

red obstruction lights on the nacelle plus paint-

ing the wind turbine white will be sufficient. 

where special air safety factors apply, marking 

with medium-intensity flashing obstruction 

lights will be necessary in addition to painting 

the wind turbine white. it would be appropri-

ate for requirements for air traffic marking to 

be clarified with Caa-denmark before an eia, 

where one is required, is drawn up.

Previous attempts to counteract light nuisance 

from tV-station transmitting masts have shown 

that it is not possible to effectively shield sur-

Photo: w
ind turbine secretariat

Photo: w
ind turbine secretariat
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rounding houses against obstruction lights. any 

shielding must be carried out taking into con-

sideration that obstruction lights must be 

observable by the pilot from all directions in 

the horizontal plane.

3.c. NOIse

wind turbines emit a relatively weak but char-

acteristic noise. the noise emanates from the 

operation of the turbine’s gear and generator 

as well as from the movement of the blades 

through the air. in relation to generated out-

put, modern wind turbines emit considerably 

less noise than the earliest wind turbines from 

the 1970s and 1980s. in particular, the 

mechanical noise from the turbine’s gear and 

generator are significantly reduced in compari-

son with earlier models. in modern wind tur-

bines, the machine house is soundproofed, the 

generator and gear are suspended in rubber 

elements, and the nacelle’s cabin is tight-clos-

ing and fitted with sound locks that dampen 

airborne noise. blade design has developed so 

that the noise from the movement of the 

blades through the air is minimised.

in order for a wind turbine to be certified for 

erection in denmark, it must satisfy a number 

of requirements set out in the Danish Ministry 

of the Environment Order on noise from wind 

turbines (no. 1518 of 14 december 2006). 

among other things, a noise survey must be 

carried out and the noise level calculated at 

the premises of immediate neighbours.

sound is measured in decibels (db). the 

human ear can just detect a change in sound 

intensity of 1-2 db. if the sound intensity 

increases by 6-10 db, it will be heard as a dou-

bling of the sound intensity. similarly, a reduc-

tion of 6-10 db will be heard as a halving of 

the sound intensity. the intensity of the sound 

is generally measured using a method that 

mimics the ear’s sensitivity and is stated by the 

measuring unit decibel-a, db(a).

in accordance with the danish ministry of the 

environment’s order, the noise in the open land 

immediately outside the neighbour’s house and 

in open spaces up to 15 metres from the house 

may not exceed 44 db(a) at a wind speed of 8 

metres per second. this corresponds roughly to 

the noise of soft speech. in more densely built-

up areas, summer home areas and noise-sensi-

tive recreational areas, the noise may not 

exceed 39 db(a). the limits are lower for lower 

wind speeds. the municipalities monitor compli-

ance with these noise limits.

the relatively weak noise from wind turbines 

also includes some low-frequency noise, i.e. 

deep sound with a low frequency. low-

frequency noise is where a significant propor-

tion of the sound energy is found in the fre-

quency range below around 160 Hertz (Hz). 

Hertz is a designation for the number of oscil-

lations per second. none of the noise surveys 

that have been carried out suggest that there 

are special problems with low-frequency noise 

from wind turbines. in the assessment of the 

danish environmental Protection agency, wind 

turbines that observe the limits for ordinary 

noise do not give low-frequency noise higher 

than the recommended limit. in order to shed 

further light on the issues of low-frequency 

noise, thereby giving municipalities and players 

in the wind power industry a more reliable basis 

for evaluating new wind turbine projects, delta 

– danish electronics, light and acoustics – has 

headed up a research project that has been 

mapping the issues of low-frequency noise from 

modern wind turbines since 2006. the project is 

expected to be completed in spring 2010.

infrasound is sound with a frequency lower than 

20 Hz and thus constitutes the “deepest” part of 

the low-frequency range. Previously it was 

thought that infrasound could not be detected 

by the human ear, but infrasound can actually 

be heard if it is strong enough, and even weak 

infrasound is regarded as a nuisance. the 

threshold for hearing infrasound has been well 

researched, and the danish environmental 

Protection agency recommends a limit that is 

10 db lower than the hearing threshold. the 

infrasound emitted by modern wind turbines is 

of no consequence for the surroundings and is 

much weaker than the danish environmental 

Protection agency’s recommended limit. l
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Illustration: Factsheet from the Danish 

Wind Turbine Owners’ Association

Illustration: Odense Environment Centre, based on calculations 

from EMD International

FIgure 3.2 
charT OF calculaTeD NOIse ZONes IN The 
eNvIrONmeNTal ImpacT assessmeNT (eIa)

The two charts from the EIA for the wind turbine project at 

Rens Hovedgaard Plantage show the calculated noise zones for 

Danish neighbours from 5 x 1.8 MW wind turbines. The chart 

on the left shows noise zones at a wind speed of 6 metres per 

second, while the chart on the right shows the same noise 

zones for a wind speed of 8 metres per second. The noise level 

is stated in dB(A). The colours indicate the noise level: the 

darker the colour, the higher the noise level.
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4.a. pOlITIcal FrameWOrK cONDITIONs  

 FOr The DevelOpmeNT OF WIND   

 TurbINes

the political framework conditions for the erec-

tion of onshore wind turbines have been 

agreed in part in the Energy Policy Agreement 

of 21 February 2008 and subsequently imple-

mented in the Danish Promotion of Renewable 

Energy Act, which was adopted by the danish 

Parliament in december 2008 and entered into 

force on 1 January 2009. the municipalities are 

responsible for securing the necessary planning 

basis for wind turbines with a total height of up 

to 150 metres in the form of designated wind 

turbine areas with associated guidelines in the 

municipal plan as well as supplements to the 

municipal plans with associated eias and local 

plans for the specific wind turbine projects 

under application. in the case of wind turbines 

over 150 metres, the environment Centres 

within the danish ministry of the environment 

are the planning authority. the environment 

Centres are also tasked with monitoring that 

the municipalities plan for wind turbines in 

accordance with government interests.

as part of the objective for renewable energy to 

constitute 20% of gross energy consumption in 

2011, the danish Government entered into an 

agreement with local Government denmark 

that the municipalities, through their planning, 

should reserve areas that can accommodate 

onshore wind turbines with a total output of 150 

mw; 75 mw in each of the years 2010 and 

2011.

it was also agreed that the danish ministry of 

the environment should strengthen its follow-

up on the municipalities’ work of implement-

ing the scrapping scheme adopted as part of 

the Energy Policy Agreement of 29 March 

2004 on wind energy and decentralised com-

bined heat and power.

4.b.  muNIcIpal plaNNINg  

 aND regulaTIONs ON eIas

Following the local Government reform, the 

planning authority for onshore wind turbines 

up to 150 metres has passed to the municipal-

ities. the regulations for municipal planning 

ensure that citizens, associations, authorities 

and other stakeholders are continuously 

involved in the process. in order to be able to 

assist the municipalities in this work, the 

danish ministry of the environment has set up 

the wind turbine secretariat under the agency 

for spatial and environmental Planning.

in order to allow enough time for drafting vari-

ous materials, citizen involvement, etc., both 

the municipal designation of wind turbine 

areas and the municipality’s subsequent 

4. onsHore wind turbines

 
 
 
Factbox
 
WIND TurbINe plaNNINg phases

a typical planning process passes through the 

following steps:

Designation of wind turbine areas

•	 Consideration	of	potential	areas,	process	and	

political aims in the municipality

•	 Idea	phase	and	scoping

•	 Invitation	to	submit	ideas	and	proposals

•	 Consultation	with	relevant	authorities

•	 Citizen	meeting,	where	required

•	 Processing	of	any	comments	and	consultation	

responses received

•	 Drafting	of	proposed	municipal	plan,	includ-

ing acceptance and rejection of alternatives, 

based among other things on a general 

environmental assessment of the plan and 

political aims

•	 Drafting	of	an	environmental	report	summa-

rising the general environmental assessment 

of the plan

•	 Public	phase

•	 Announcement	of	proposed	municipal	plan	

and environmental report 

•	 Citizen	meeting,	where	required

•	 Processing	of	objections	and	comments	

received

•	 Any	necessary	revision,	plus	consultation	

period and any new public phase

•	 Final	adoption	of	the	plan

•	 Period	for	complaints

planning for a specific wind turbine project

•	 Application	for	a	specific	project	by	a	project	

sponsor in the designated wind turbine area

•	 Decision	on	whether	an	EIA	is	required

•	 Idea	phase	and	scoping

•	 Invitation	to	submit	ideas	and	proposals

•	 Consultation	with	relevant	authorities

•	 Citizen	meeting,	where	required

72

Opstillingsmønstre for store vindmøller

Oplevelsen af orden er en grundlæggende æste-
tisk forudsætning. Ved placering af møllegrupper 
indikerer dette væsentligheden af, at møllerne op-
leves som en klar sammenhængende enhed, det 
vil sige i geometriske, oftest lineære formationer, 
som danner kontrast til landskabet.

En letopfattelig orden kræver som udgangspunkt, 
at alle møller i en opstilling er ens i forhold til mo-
del, størrelse og udseende.
 
Udover princippet om at vindmøller som udgangs-
punkt bør opstilles i geometriske, let opfattelige 
formationer og være af ens karakter, har man tid-
ligere også anbefalet, at mølleopstillingen så vidt 
som muligt bør tilpasses landskabets træk, for ek-
sempel ved at lade en række vindmøller følge ryg-
gen af en bakke eller læhegnenes hovedretning. 
Vindmøller på op til 150 meter må nødvendigvis 
stå med så stor indbyrdes afstand, at opstillinger 
med flere møller kun vanskeligt lader sig tilpasse 
landskabets træk. Derfor vil principperne om den 
geometrisk let opfattelige opstilling ofte stå ale-
ne.

Lønborg Hede (Visualisering: Birk Nielsen)

The perception of order is a basic aesthetic precondition. It is therefore recommended that wind turbines should 

be erected in geometric (usually linear) formations that create a contrast with the landscape. The photo shows 

the visualisation for Lønborg Hede.

Photo: birk n
ielsen
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73

Indbyrdes afstand

Ved opstilling af flere vindmøller i gruppe opstår 
forskellige krav til den indbyrdes placering og af-
stand mellem de enkelte vindmøller. 
Af hensyn til den optimale udnyttelse af vindener-
gien placeres møller med en vis indbyrdes afstand, 
så de ikke skaber læ for hinanden. På tværs af den 
fremherskende vindretning anbefales afstanden 
som minimum 3 x rotordiameteren, mens den 
langs vindretningen anbefales som minimum 5 x 
rotordiameteren, da de forreste møller her i højere 
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•	 Processing	of	any	comments	and	consultation	

responses received

•	 Drafting	of	supplement	to	municipal	plan	and	

local plan, including adjustment of the project 

based on a general environmental assessment 

of the plan

•	 Drafting	of	an	EIA	for	the	project

•	 Public	phase

•	 Announcement	of	the	proposed	plans,	incl.	

eia for the project

•	 Citizen	meeting,	where	required

•	 Processing	of	any	objections	and	comments	

received

•	 Any	revision,	plus	consultation	period	and	any	

new public phase

•	 Final	adoption	of	the	plans	and	issuing	of	EIA	

approval

•	 Period	for	complaints

processing of a specific project normally take at 

least a year.

apart from household and small turbines, wind 

turbines may only be erected in areas desig-

nated through reservations and guidelines in 

the municipal plan. the municipality must 

therefore assess which areas are suitable for 

erecting wind turbines. 

the local council must ensure in its planning 

that it gives full consideration to neighbouring 

residences, nature, the landscape, culturo-his-

torical values, agricultural interests, and the 

possibility of exploiting the wind resource.

the municipal plan must include guidelines and 

a framework, and must be accompanied by a 

statement on the assumptions underlying the 

local council’s proposed plan. the guidelines for 

designated wind turbine areas must include 

regulations on the anticipated maximum 

number and size of the turbines as well as the 

spacing between the turbines.

the further planning of specific projects then 

awaits the initiative of a project sponsor, a 

wind turbine owners’ association or others 

wishing to use the designated area to erect 

wind turbines.

a project sponsor wishing to establish a wind 

turbine project must notify the project to the 

municipality. the planning process for projects 

requiring an eia begins with an idea phase in 

which the municipality drafts a discussion 

paper inviting proposals from citizens on the 

content of the eia and the supplement to the 

municipal plan. this idea phase, which is also 

called the pre-public phase, must last at least 

two weeks.

the planning must also satisfy the require-

ments for environmental assessment of plans 

and programmes, which include consultation 

with the relevant authorities, including neigh-

bouring municipalities, the region and national 

bodies that have to grant environmental 

approvals to allow implementation of the 

physical planning, as well as any local and 

regional supply companies whose installations 

may be affected by the project.

taking into consideration the feedback that it 

receives, the municipality draws up guidelines 

on the further local planning in a supplement 

to the municipal plan and determines the 

scope of the eia, which the project owner and 

the municipality often prepare jointly. this 

material is sent for public consultation lasting 

at least eight weeks. in this public phase, pro-

perty owners, neighbours, associations, author-

ities, etc., may submit objections, comments 

and alternative proposals. 

after this, the municipality can finally adopt 

the wind turbine project and give the project 

sponsor an eia approval. if a local plan also has 

to be drawn up for the project, the local coun-

cil draws this up in parallel. the local plan for a 

wind turbine area must include regulations on 

the turbines’ exact siting, number, minimum 

and maximum total height, and appearance.

in accordance with the Danish Planning Act, 

a supplement to the municipal plan for a wind 

turbine project involving turbines with a total 

height of more than 80 metres or a group of 

more than three turbines must be accompa-

nied by an ela assessing the consequences of 

the project for the environment. other projects 

are screened by the local council, which 

decides whether a project has such major con-

sequences for the environment that an eia 

should be drawn up or whether only a rural 

zone permit should be issued. Order no. 1335 

of 6 December 2006 on the assessment of cer-

tain public and private installations’ impact on 

the environment contains regulations on eias.

the eia must assess how the wind turbine 

project will affect neighbouring residences in 

terms of, among other things, noise and shad-

ow, nature, the landscape, culturo-historical val-

ues, and agricultural interests, as well as giving 

information on local wind conditions. this nor-

mally requires the project owner to draw up a 

visualisation of the project so that citizens can 

more easily form a realistic impression of the 

implications of the wind turbine project.

Illustrations: Birk Nielsen 

With regard to both turbulence and aesthetics, it is recom-

mended that in projects involving multiple wind turbines their 

spacing should be three to four times the rotor diameter. The 

illustrations from Birk Nielsen show examples of wind turbines 

spaced at intervals of two times the rotor diameter (top), three 

times the rotor diameter, four times the rotor diameter, and 

five times the rotor diameter (bottom) respectively.

FIgure 4.1 

eXamples OF spacINg IN a WIND TurbINe prOjecT

EXHIBIT A5-3

Page 13 of 32 
014922



14   w ind  turb ines  in  denmark

 
 
 
Factbox 
all eIas, including those for wind turbine 

projects, must include:

•	 A	description	of	the	project.

•	 A	summary	of	major	alternatives	to	the	

execution of the proposed project that the 

project sponsor has investigated (minimum 

the zero alternative, i.e. the situation if the 

project is not implemented).

•	 A	description	of	the	impact	of	the	project	on	

people, fauna, flora, soil, water, air, climate, 

landscape, tangible property, and the dan-

ish cultural heritage.

•	 A	description	of	the	project’s	short-term	and	

long-term, direct and indirect, derived and 

cumulative impacts on the environment.

•	 A	description	of	environment-improving	

measures, including preventive measures.

•	 A	non-technical	summary	of	the	assess-

ment.

in the case of wind turbine projects that do not 

require an eia, the rural zone regulations of the 

Danish Planning Act set out requirements for 

informing neighbours about the project. 

Generally, there is no requirement for the 

information to include a visualisation, but 

energinet.dk (the danish transmission system 

operator) may require this if it would be a pre-

condition for neighbours being able to realisti-

cally assess whether the project will entail a 

loss of value on their properties, cf. 6.b.

decisions of the local council concerning wind 

turbine projects may be contested with the 

nature Protection board of appeal.

the danish ministry of the environment’s wind 

turbine secretariat is a type of “flying squad” 

that provides the municipalities with guidance 

and practical help in wind turbine planning – 

such as identifying the sites that are most suit-

able in respect of neighbours and nature pro-

tection interests, formulating idea proposals, 

decision-making documentation and proposals 

for wind turbine plans, or arranging citizen 

meetings, etc.

most of denmark’s municipalities are in dia-

logue with the wind turbine secretariat, either 

to get answers to specific questions or to obtain 

formal assistance with the planning process.

the wind turbine secretariat has a danish 

website, www.vind.mim.dk, via the agency 

for spatial and environmental Planning. Here 

you can find answers to frequently asked ques-

tions as well as tools for use in municipal wind 

turbine planning, including:

•	 	A	summary	of	essential	siting	considera-

tions.

•	 A	process	line	with	a	model	of	the	planning	

process and a timeframe.

•	 Links,	including	to	applicable	regulations	and	

the agency for spatial and environmental 

Planning’s spacing map.

4.c. regulaTIONs FOr sITINg  

 ONshOre WIND TurbINes

the siting of new wind turbines is carried out 

on the basis of an overall balancing of various 

factors such as wind speed, distance to nearest 

neighbours, noise and shadow, other technical 

installations, and regard for the landscape and 

nature. this balancing is brought about through 

the municipal wind turbine planning, which 

directly involves affected citizens, organisa-

tions, authorities, etc. the key principles for 

erecting wind turbines are wind conditions, 

distance to neighbours, and regard for specific 

affected interests, e.g. nature protection areas 

and areas of culturo-historical interest.

the regulations for siting are set out in the 

Danish Planning Act and implemented in Wind 

Turbine Circular no. 9295 of 22 May 2009. the 

aim of the Circular is to ensure regard for land-

scape, neighbours, etc. Generally, new wind 

turbines must as a minimum be sited at a dis-

tance from the nearest neighbours of at least 

four times the wind turbine’s total height.

special consideration must be given to the 

coastal zone, which is defined in the Danish 

Planning Act as a three-kilometre zone along 

the coast throughout the country that is gene-

rally to be kept free of buildings and installa-

tions. if a municipality wants to erect wind tur-

bines in the coastal zone, this requires special 

planning or functional justification, for example 

that there are especially favourable wind con-

ditions along the municipality’s coasts, as is the 

case in the west Jutland municipalities.

Visualisation is an excellent method for illus-

trating the implications of new wind turbines 

for landscape and nature. landscapes that in 

the past have been dominated by large techni-

cal installations will often be suitable for erect-

ing large wind turbines because the turbines 

will not significantly increase the impact on the 

landscape. these technical installations might 

be CHP plants, waste incineration plants, high-

voltage masts, industrial activities with tall 

chimneys, harbour areas with large cranes, etc. 

these installations are already highly visible in 

the landscape.

large and uniform landscapes will also usually 

be suitable for erecting large wind turbines. 

the reason for this is that the landscape 

matches the large dimensions because it is 

often characterised by flat or evenly sloping 

FIgure 4.2 WIND TurbINe IN a TechNIcal laNDscape

Birk Nielsen’s sketch shows the siting of MW wind turbines at 

Esbjerg Power Station.

Wind turbine 2.3 mW
Hub height 80 m
total height 126 m

esbjerg power station
building height 106 m
Chimney 250 m

Wind turbine 3.6 mW
Hub height 90 m
total height 143.5 m

EXHIBIT A5-3
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terrain with large units of area and “landscape 

space”.

small-scale landscapes will often be less suita-

ble for erecting large wind turbines. these 

landscapes are characterised by small hills or 

gentle slopes with less “landscape space”, 

where large wind turbines would contrast 

starkly with the nature of the landscape.

a more exhaustive description of the impact of 

large wind turbines on different types of land-

scape can be found in the report Store vind-

møller i det åbne land – en vurdering af de 

landskabelige konsekvenser (Large wind tur-

bines in the open countryside – an assessment 

of implications for the landscape), which can 

be downloaded (in danish only) from www.

blst.dk.

the oldest wind turbines were often erected 

spread out in the landscape, which meant that 

they impacted a very large area in relation to 

their installed electrical output. as a starting 

point, the aim is to site new wind turbines in 

groups wherever possible so as to achieve a 

high installed electrical output with impact on a 

relatively small area. Furthermore, the munici-

pality can require wind turbines in a group to be 

uniform and arranged in a simple geometric 

pattern, for example in a single row, so that the 

wind turbines create a calmer impression.

it is also important that wind turbines erected 

as a group should appear harmonious and uni-

form in design. a wind turbine is regarded as 

harmonious if there is a balance between 

tower height and rotor diameter. Generally, 

experience suggests that the most harmonious 

rotor/tower ratio for larger wind turbines is 

0.9–1.35, depending on the total height. as an 

example, a wind turbine with a tower height 

of 80 metres and a rotor diameter of 100 

metres, giving a total height of 130 metres, 

has a rotor/tower ratio of 1.25.

4.D. TechNIcal cerTIFIcaTION  

 OF WIND TurbINes

in order to help ensure that new wind turbines 

are safe and can be incorporated into the elec-

tricity system, a secretariat for the danish wind 

turbine Certification scheme has been set up 

and located at risø dtu (national laboratory 

for sustainable energy at the technical 

university of denmark). the specific regulations 

are described in Danish Energy Agency’s Order 

no. 651 of 26 June 2008 on the technical cer-

tification scheme for the design, manufacture, 

installation, maintenance and servicing of 

wind turbines. the secretariat has a website at 

www.vindmoellegodkendelse.dk. the tech-

nical prescriptions for the connection of wind 

turbines to the electricity grid can be found at 

www.energinet.dk.

4.e.  hOusehOlD WIND TurbINes  

 aND small WIND TurbINes

a household wind turbine is normally under-

stood to be a smaller, stand-alone turbine with 

a total height of less than 25 metres that is 

erected directly connected to existing housing 

in the open countryside, usually in a rural zone.

small wind turbines are normally understood to 

be stand-alone turbines with a rotor area of up 

to 1 m2 (“micro turbines”) or 1-5 m2 (“mini tur-

bines”). the turbine may be installed on a 

building.

For all turbine types the Danish Ministry of the 

Environment Order on noise from wind turbines 

must be respected when erecting and operat-

ing the turbines. turbine types with a rotor area 

in excess of 1 m2 are subject to the danish 

Energy Agency’s Order no. 651 of 26 June 2008 

on the technical certification scheme for the 

design, manufacture, installation, maintenance 

and servicing of wind turbines. in the case of 

turbines with rotor area 1-5 m2, however, only 

a registration notification is required.

wind turbine projects must as a minimum be 

screened in accordance with the regulations of 

the EIA Order. Household and small turbines 

will not normally require an eia, supplement to 

the municipal plan and eia. 

erecTION OF WIND TurbINes  

IN rural ZONes

it is the task of the municipalities, as the rural 

zone authority, to issue rural zone permits. in 

this regard, the municipality must carry out 

70

Harmoniforhold

Det størrelsesmæssige forhold mellem vindmøl-
lens tårn og vinger har betydning for dens ege-
næstetik. 
Når vindmøllerne vokser i størrelse, virker forhol-
det mellem tårn og rotor mest harmonisk, når ro-
torens diameter øges yderligere i forhold til tårnet. 

Det hænger sammen med, at nye, store mølletyper 
har en mere slank karakter end ældre modeller og 
derfor bedre kan bære lange ’arme’.   

Vurderingen for 150 m høje møller peger mod, at 
forholdet tårn/ rotordiameter har det mest har-

moniske udtryk omkring 1:1,1 eller 1:1,2, altså at 
rotordiameteren er 10-20% større end tårnets høj-
de. Et forhold under 1:1 forekommer uharmonisk, 
fordi vingerne synes for små, mens forhold større 
end 1:1,3 kan få vingerne til at virke overdimen-
sioneret.

1: 0,9 1: 1,2 1: 1,51:0.9
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forholdet tårn/ rotordiameter har det mest har-
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de. Et forhold under 1:1 forekommer uharmonisk, 
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1: 0,9 1: 1,2 1: 1,51:1.5
Illustrations: Birk Nielsen

FIgure 4.3 
TOWer/blaDe raTIOs

The ratio between a wind turbine’s tower and blades (the “har-

mony ratio”) is important for the turbine’s own aesthetics. New 

types of large turbine have a more slender design than older 

models, and the tower can therefore better support long 

blades with a large rotor area and production capacity. The rec-

ommended harmony ratio thus depends on the size of the 

wind turbine. For wind turbines with a total height of less than 

100 metres, the recommended rotor diameter is -/+ 10% in 

relation to the tower height, while for larger wind turbines 

with a total height of up to 150 metres, the recommended 

rotor diameter is between +10% and +35% in relation to the 

tower height.
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planning appraisals in respect of ongoing plan-

ning. Furthermore, landscape considerations 

and any building lines as per the Danish Nature 

Protection Act as well as any supplementary 

considerations regarding neighbours (view, 

reflection, etc.) must also be taken care of.

in the case of household and small turbines, 

the Wind Turbine Circular does not set out fixed 

requirements for the distance to neighbouring 

homes, etc., in relation to the turbine’s total 

height.

the municipalities must carry out individual 

assessments of cases/applications. However, 

the fact that the decision must always be 

taken on the basis of a specific assessment 

does not preclude the municipality from clarify-

ing in its municipal planning guidelines other 

protection interests and considerations that 

receive particular attention in its case-handling, 

including of course any guidelines for erecting 

smaller wind turbines. l
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In addition to large wind turbines, the Samsø 

Renewable Energy Island project has also estab-

lished household wind turbines, one of which 

(shown below) can be seen in front of the solar-

panelled roof of Samsø Energy Academy.

Photo: sam
sø energy a

cadem
y

WIND resOurce aTlas FOr DeNmarK:

in 1998, with funding from the danish 

energy agency, risø dtu’s wind energy 

division teamed up with the danish 

software and consultancy firm emd 

international to compile the wind re-

source atlas for denmark, which can be 

seen on page 17. areas with the highest 

average wind speeds are shown in red 

and yellow, while areas with less wind 

are shown in green and blue.

EXHIBIT A5-3
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WIND resOurce map FOr 
100 m abOve grOuND – DeNmarK

baseD ON 1999 calculaTIONs
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5. oFFsHore wind turbines

5.a. OFFshOre WIND TurbINes  

 IN DeNmarK

in 1991 denmark became the first country in 

the world to take wind turbines out to sea with 

11 x 450 kw turbines in the Vindeby offshore 

wind farm. this was followed by a number of 

smaller demonstration projects, leading to the 

first two large offshore wind farms Horns rev i 

and nysted (rødsand i) with outputs of 160 

and 165 mw respectively. some offshore wind 

farms have been built because power compa-

nies were given political orders to do so or via 

tenders, while others are wholly or partly 

owned by local wind turbine owners’ associa-

tions such as middelgrunden and samsø. 

with 660 mw offshore wind turbines connected 

to the electricity grid in 2009, denmark is still 

one of the largest developers of offshore wind 

farms. only the united kingdom has a larger 

capacity.

in 2010 the offshore wind turbines at rødsand 

ii will be erected with an output of just over 

200 mw. the danish energy agency has ten-

dered out another offshore wind turbine 

project at anholt/djursland with an output of 

around 400 mw. these projects are the result 

of the Energy Policy Agreement of 29 March 

2004 and the Energy Policy Agreement of 21 

February 2008 respectively.

it is considerably more expensive to build and 

operate offshore wind turbines than onshore 

wind turbines. on the other hand, the produc-

tion conditions are better at sea with higher 

wind speeds and more stable wind conditions.

the increased costs are reflected in the feed-in 

tariff that the project developers for the latest 

offshore wind farms have obtained through the 

danish energy agency’s tender. donG energy, 

which is the project sponsor for Horns rev ii, 

receives dkk 0.518 per kwh for 10 twh, corre-

sponding to around 50,000 full-load hours, 

after which the electricity produced has to be 

sold under market conditions. e.on ab from 

sweden, which won the tender for rødsand ii, 

receives dkk 0.629 per kwh for 10 twh, corre-

sponding to around 50,000 full-load hours.

5.b. The DaNIsh eNergy ageNcy  

 as a ONe-sTOp shOp

the danish energy agency is the authority 

responsible for the planning and erection of 

offshore wind turbines. in order to make prep-

aration of new offshore wind turbine projects 

as simple as possible for project developers, 

the danish energy agency has organised the 

overall official handling as a “one-stop shop”, 

which means that a project owner wishing to 

establish an offshore wind turbine project only 

has to deal with one body – namely the danish 

energy agency – to obtain all the necessary 

approvals and licences.

as a one-stop shop, the danish energy agency 

involves other relevant authorities such as the 

agency for spatial and environmental Planning, 

the danish maritime authority, the danish 

maritime safety administration, Caa-denmark, 

the Heritage agency of denmark, danish 

defence, etc. the danish energy agency also 

arranges consultation with the relevant stake-

holders and issues all the necessary approvals 

and licences. energinet.dk is responsible for 

transmitting the electricity production from off-

shore wind turbines to the electricity grid and 

owns both the transformer station and the 

underwater cables that carry the electricity 

production of offshore wind farms to land.

in comparison with the official administration of 

offshore wind farms in other countries, the 

danish model has provided a quick, cost-effective 

process to the benefit of operating economy in 

the individual projects and the development of 

offshore wind turbines as a whole.

5.c. mappINg OF FuTure sITes  

 FOr OFFshOre WIND Farms

in order to ensure that the future development 

of offshore wind turbines does not clash with 

other major public interests and that the devel-

opment is carried out with the most appropri-

ate socio-economic prioritisation, the danish 

energy agency, in conjunction with the other 

relevant authorities, has mapped the most 

suitable sites for future offshore wind farms. 

this mapping is a dynamic process because the 

framework conditions for developing offshore 

wind farms are continually changing. in 2007 

With 209 MW produced by 91 wind turbines, the Horns Rev II 

offshore wind farm, which was opened in September 2009, is 

the largest offshore wind farm in the world to date. The tur-

bines are located 30 km from the coast and can produce elec-

tricity to cover the consumption of 200,000 households.

The offshore wind farm at Paludans Flak 4 km south of Samsø 

comprises 10 wind turbines with a combined output of 23 MW 

that produce approximately 77,500 MWh a year. The offshore 

wind farm was commissioned in 2002, and in the long term its 

production will make it possible to cover electricity consumption 

for the operation of electric cars and hydrogen for transportation 

on the island. Half of the wind turbines are owned by the munic-

ipality, while the inhabitants of Samsø own most of the rest.
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the danish energy agency published a techni-

cal mapping report designating 23 suitable 

sites, each with space for around 200 mw.

these possible offshore wind farms could 

achieve a total installed output of 4,600 mw, and 

with average wind speeds of around 10 metres 

per second they could produce around 18 twh 

annually, equivalent to more than half of current 

danish electricity consumption. the sites are pri-

oritised according to public interests such as 

regard for grid transmission, navigation, nature, 

landscape, raw material extraction, and the 

anticipated cost of establishing and operating the 

offshore wind farms. the cross-ministry commit-

tee work has placed its emphasis on a planned 

and coordinated development of offshore wind 

farms and the transmission grid, and the chosen 

sites have been submitted to a strategic environ-

mental assessment in order to prevent any 

future conflicts with environmental and natural 

interests.

through its Offshore Wind Turbine Action Plan 

of September 2008 the danish energy agency 

updated the mapping in light of the Energy 

Policy Agreement of 21 February 2008. the 

good wind conditions at the chosen sites allow 

the offshore wind farms to produce for around 

4,000 full-load hours a year. with sea depths of 

10-35 metres and a distance to the coast of 

22-45 kilometres, a balance has been struck 

between economic considerations and the visu-

al impact on land.

5.D. TeNDerINg OuT OF  

 OFFshOre WIND Farms

the establishment of offshore wind turbines 

can follow two different procedures: a govern-

ment tender procedure run by the danish 

energy agency; or an open-door procedure. For 

The map of Denmark shows the locations of existing and planned offshore wind farms. Up to now offshore wind 

farms have been located with a considerable geographical spread, which has made it easier for Energinet.dk to 

incorporate the varying electricity production into the electricity system. Following a government tender initiated 

in 2009, a 400 MW offshore wind farm is to be established between Anholt and Djursland.

m
ap: d

anish energy a
gency

The Committee for Future Offshore Wind Power 

Sites updated its mapping of potential locations in 

September 2008. The purple colour on the map 

indicates 26 potential sites, each of which can be 

developed with 200 MW, giving a total of 5,200 

MW, while the existing large offshore wind farms 

are indicated in blue.
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Factbox  
Two types of procedure for  
establishing offshore wind farms 

in denmark, new offshore wind farm projects 

can be established according to two different 

procedures: a government tender or an open-

door procedure.

a government tender is carried out to realise a 

political decision to establish the project as part 

of the danish development of renewable energy. 

the danish energy agency tenders out the project 

in an open competition to obtain the lowest pos-

sible costs. energinet.dk may be responsible for 

preparing the environmental impact assessment 

(eia) and the electricity link to land. 

in an open-door procedure, the project devel-

oper applies to the danish energy agency for a 

licence to carry out preliminary investigations 

and establish an offshore wind farm in the given 

area. the danish energy agency clarifies wheth-

er there are any competing public interests and, 

where possible, issues the required licence. the 

project developer receives the same price sup-

plement as for new onshore wind turbines and 

has to finance the connection of the project to 

the electricity grid on land.

both procedures, the project developer must 

obtain a licence to carry out preliminary inves-

tigations, a licence to finally establish the off-

shore wind turbines, a licence to exploit wind 

power for a given number of years, and – in 

the case of wind farms of more than 25 mw – 

an approval for electricity production.

in the government tender procedure, the danish 

energy agency announces a tender for an off-

shore wind turbine project of a specific size, e.g. 

200 mw, within a specifically defined geograph-

ical area. a government tender is carried out to 

realise a political decision to establish a new 

offshore wind farm at the lowest possible cost. 

depending on the nature of the project, the 

danish energy agency invites applicants to 

submit a quotation for the price at which the 

bidders are willing to produce electricity in the 

form of a fixed feed-in tariff for a certain 

amount of produced electricity, calculated as 

number of full-load hours.

the winning price will differ from project to 

project because the result of a tender depends 

on the project location, the wind conditions at 

the site, the competitive situation in the mar-

ket at the time, etc. in the two tenders so far 

the winning price has been higher than the 

feed-in tariff that is paid for an open-door 

project which corresponds to the feed-in tariff 

for new onshore wind turbines. as well as the 

lowest feed-in tariff, the technical and financial 

capacity of the bidding companies or consortia 

to implement the project are assessed.

based on the experiences of the rødsand ii off-

shore wind farm, where the winner of the first 

tender ultimately chose not to implement the 

project due to changed market conditions, the 

danish energy agency has tightened the condi-

tions in the latest tenders so that the project 

developer has to pay a fine if the project is not 

implemented as planned or is delayed.

in projects covered by a government tender, 

energinet.dk owns both the transformer station 

and the underwater cable that carries the elec-

tricity to land from the offshore wind farm. in 

the tender for the anholt offshore wind farm, 

which is being implemented in 2009-2010, 

energinet.dk will also undertake the eia and 

preliminary geotechnical and geophysical sur-

veys of the seabed. the winner of the tender 

will pay energinet.dk’s costs for these prelimi-

nary surveys.

in the open-door procedure, the project devel-

oper takes the initiative in establishing an off-

shore wind farm in a specific area. this is done 

by submitting an unsolicited application for a 

licence to carry out preliminary investigations 

in the given area. the application must as a 

minimum include a description of the project, 

the anticipated scope of the preliminary inves-

tigations, the size and number of turbines, and 

the limits of the project’s geographical siting. 

in an open-door project, the developer pays for 

the transmission of the produced electricity to 

land. an open-door project cannot expect to 

obtain approval in the areas that are designated 

for offshore wind farms in the report Future Off- 

shore Wind Power Sites – 2025 from april 2007 

and the follow-up to this from september 2008.

before the danish energy agency actually 

begins processing an application, as part of the 

one-stop shop concept it initiates a hearing of  

other government bodies to clarify whether 

there are other major public interests that 

could block the implementation of the project. 

on this basis, the danish energy agency 

decides whether the area in the application 

can be developed, and in the event of a posi-

tive decision it issues an approval for the appli-

cant to carry out preliminary investigations, 

including an eia.

the danish energy agency has approved appli-

cations within the open-door procedure for the 

following offshore wind turbine projects: 

avedøre Holme, involving three demonstration 

wind turbines (donG energy); Frederikshavn, 

involving six demonstration wind turbines 

(nearshorelab); and sprogø, involving seven 

offshore wind turbines (sund & bælt).

Horns Rev II will predominantly be serviced by operating and 

maintenance personnel who will live for one week at a time 

on a habitation platform linked to the offshore wind farm. This 

will help reduce transport time and costs, thereby optimising 

operating economy.
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Factbox
The environmental impact  

of offshore wind farms

as an integral part of the projects for the first 

two large demonstration offshore wind farms, 

Horns rev i and nysted, from 1996 to 2006 an 

environmental monitoring Programme was car-

ried out to document the impact of the projects 

on the marine environment. on completion of 

the programme, at the recommendation of an 

international expert panel a small follow-up 

programme was launched focusing on the long-

term effects for porpoises, water birds (common 

scoters, divers, long-tailed ducks, etc.) and fish.

the results show that the foundations of the 

offshore wind farms have created new artificial 

habitats, thereby contributing to increased 

biodiversity and better living conditions for the 

local fish communities. seals were only affected 

in the short term during the construction work, 

while porpoises, which disappeared from the 

area while the wind farm was being built, have 

to some extent returned. birds have been able to 

avoid the offshore wind farms.

the results of the environmental monitoring 

Programme are quality-assured by the interna-

tional expert panel and regularly published on 

the english pages of the danish energy agency’s 

website, www.ens.dk.

5.e.  ImplemeNTaTION OF aN  

 OFFshOre WIND TurbINe prOjecT

once the danish energy agency has granted 

the project developer a licence to carry out 

preliminary investigations, all projects follow 

the same procedure. the preliminary investiga-

tions include as a minimum an eia as well as 

geophysical and geotechnical surveys of the 

seabed to clarify what type of foundation 

should be used.

the eia must assess the offshore wind farm’s 

impacts on the environment. on the basis of 

responses from the initial consultation of 

authorities and other stakeholders, the danish 

energy agency determines what the eia should 

include. the eia must demonstrate, describe 

and assess the environmental consequences of 

implementing the project in respect of:

a) people, fauna and flora

b) seabed, water, air, climate and landscape

c) tangible property and danish cultural  

heritage

d) interaction between these factors.

Furthermore, the eia must describe proposals 

for alternative siting and proposals for how 

demonstrated environmental nuisances can be 

prevented or reduced. Order no. 815 of 28 

August 2000 on assessments of impacts on the 

environment of offshore electricity-producing 

installations sets out the detailed conditions for 

this type of eia.

the project developer’s application to establish 

the offshore wind farm must include a full 

description of the project’s expected scope, 

size, geographical location, coordinates for tur-

bines, grid connection plans and cable trace, 

etc., as well as the results of the preliminary 

investigations.

once the danish energy agency has received 

the eia together with a final application to 

establish the offshore wind farm, it sends both 

for public consultation with a deadline for reply 

of at least eight weeks. the consultation is 

announced on the danish energy agency’s 

website and in national and local newspapers. 

this gives other authorities, interested organi-

sations and citizens the opportunity to voice 

objections and other comments, which the 

danish energy agency includes in its processing 

of the application and the eia.

if the danish energy agency does not receive 

any objections with weighty arguments for 

cancelling the project, it grants a licence to 

establish the offshore wind farm. in this 

regard, the danish energy agency will general-

ly require the project developer to document, 

prior to starting the construction work, a 

detailed project description.

the project developer must apply for a licence 

to exploit wind power from the offshore wind 

farm and, in the case of wind farms of more 

than 25 mw, for an authorisation to produce 

electricity. this must be done after the installa-

tion work has begun and at the latest two 

months before the first wind turbine is ready 

to begin operating. the offshore wind farm 

must not supply electricity to the grid until the 

licence and, where required, the approval have 

been granted.

significantly and individually affected parties as 

well as relevant environmental organisations 

may appeal the danish energy agency’s deci-

sions to the energy board of appeal. any 

appeals must be submitted in writing within 

four weeks of the publication of the decision. l
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Factbox
claims for payment for loss 

of value on real property

the Energy Policy Agreement of February 2008 

introduced a scheme giving neighbours of new 

wind turbine projects the right to have loss of 

value on their property covered if the loss is as-

sessed to be at least 1% of the property’s value. 

the scheme was introduced to create greater local 

acceptance of and involvement in the erection of 

new onshore wind turbines.

in order for their claims to be processed, 

neighbours living within a distance of six times 

the wind turbine’s total height must notify their 

claims for payment for loss of value within four 

weeks after the wind turbine project developer 

has conducted the prescribed information meet-

ing. neighbours living further away must pay a 

fee of dkk 4,000. if the claim for payment for loss 

of value is upheld, the fee is repaid.

the loss of value is assessed by an impartial 

valuation authority appointed by the minister for 

Climate and energy. in all there are five valuation 

authorities covering the whole country, each 

consisting of a lawyer and an expert in assessing 

real property value in the local area. decisions of 

the valuation authority cannot be contested with 

another administrative authority, but they may be 

taken before the courts.

energinet.dk’s Front office administers the loss-

of-value scheme and has placed forms and other 

material for use in the case-handling on its web-

site, www.energinet.dk, where it also provides 

regular updates on new decisions.

6. new sCHemes in tHe DANISH 
 PROMOTION OF RENEWABLE ENERgy ACT

6.a. a cOmpreheNsIve acT  

 ON reNeWable eNergy

The Danish Promotion of Renewable Energy 

Act (l 1392 of 27 december 2008), which 

entered into force on 1 January 2009, covers, 

among other things, price supplements for 

installations producing electricity with renewa-

ble energy, technical and safety-related 

requirements for wind turbines, and special 

regulations for offshore wind turbines. the 

Energy Policy Agreement of 21 February 2008 

required that these regulations should be com-

bined into one act on renewable energy.

Further to this agreement, the Danish 

Promotion of Renewable Energy Act also con-

tains four new schemes aimed at promoting 

the local population’s acceptance of and 

involvement in the development of onshore 

wind turbines: a loss-of-value scheme for 

neighbours of new wind turbines; an option-to-

purchase scheme with preference given to the 

local population; a green scheme so that 

municipalities can improve the scenery and 

recreational values in areas where wind tur-

bines are erected; and a guarantee scheme to 

support local initiative groups with preliminary 

investigations. all the schemes are adminis-

tered by energinet.dk.

6.b. The lOss-OF-value scheme

any party erecting new wind turbines with a 

height of 25 metres or more, including offshore 

wind turbines erected without a government 

tender procedure, must pay for any loss of 

value on real property if the erection of the 

wind turbines results in a loss of at least 1% of 

the property value. in order to give neighbours 

the opportunity to assess the consequences of 

the wind turbine project, the erector must 

draw up information material on the project 

and invite the neighbours to a public informa-

tion meeting. the material must include a list 

of the properties lying within a distance of up 

to six times the wind turbine’s total height.

energinet.dk, which must approve the informa-

tion material, can require that the material 

should also include a visualisation of the 

project. the meeting must be convened with a 

reasonable period of notice by means of an 

announcement in local newspapers and must 

take place at the latest four weeks before the 

municipal planning process ends.

Property owners who believe, based on the 

information material and the information 

meeting, that the erection of the wind turbines 

will reduce the value of their property must 

notify the loss of value to energinet.dk within 

four weeks of the meeting. if a property owner 

lives further away than six times the wind tur-

bine’s total height, the owner must pay a fee 

to energinet.dk of dkk 4,000. neighbours who 

live closer to the wind turbine project are not 

required to pay this fee. the fee is repaid if the 

property owner is granted the right to compen-

sation for loss of value.

the wind turbine erector may enter into a vol-

untary agreement concerning compensation for 

loss of value with property owners who have 

notified their claims to energinet.dk. if this is 

not done within four weeks, energinet.dk will 

submit the owners’ claims to a valuation 

authority. the danish minister for Climate and 

energy has appointed five valuation authorities 

consisting of a lawyer and an expert in assess-

ing real property value. the valuation authority 

will decide, on the basis of a specific assess-

ment, the extent to which property owners’ 

claims can be accommodated.

if the property owner’s claim for compensation 

is upheld, the wind turbine erector will pay the 

valuation authority’s costs. if the property own-

er’s claim is rejected, energinet.dk pays the 

case costs not covered by any fee of dkk 

4,000. this cost is recouped from the electricity 

consumers as a Pso contribution.

33

Hollandsbjerg Enge, standpunkt 1. Afstand til nærmeste mølle omkring 2,8 km Øverst: Oprindeligt VVM-forslag (11 stk 1,5 MW møller med en totalhøjde på 92 m)
Nederst: 10 stk 3,6  MW møller med en totalhøjde på 150  m
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decisions of the valuation authority cannot be 

contested with another administrative body but 

may be brought before the courts as civil pro-

ceedings by the owner of the property against 

the wind turbine erector.

6.c. The OpTION-TO-purchase scheme

erectors of wind turbines with a total height of 

at least 25 metres, including offshore wind tur-

bines erected without a governmental tender, 

shall offer for sale at least 20% of the wind 

turbine project to the local population. anyone 

over 18 years of age with his/her permanent 

residence according to the national register of 

Persons at a distance of maximum 4.5 kilome-

tres from the site of installation or in the 

municipality where the wind turbine is erected 

has the option to purchase. if there is local 

interest in purchasing more than 20%, people 

who live closer than 4.5 kilometres from the 

project have first priority on a share of owner-

ship, but the distribution of shares should 

ensure the broadest possible ownership base.

in order to give local citizens an adequate deci-

sion-making platform, wind turbine erectors 

must provide information on the nature and 

financial conditions of the project. this must be 

done through sales material containing as a 

minimum the articles of association of the 

company that will be erecting the wind tur-

bine, a detailed construction and operating 

budget, including the financing for the project, 

the liability per share, and the price of the 

shares on offer. the sales material must be 

quality-assured by a state-authorised public 

accountant. energinet.dk must approve the 

sales material as a condition for the wind tur-

bine erector obtaining the price supplement 

provided for in the Danish Promotion of 

Renewable Energy Act.

the wind turbine erector must run through the 

sales material at an information meeting con-

vened with a reasonable period of notice by 

announcement in a local newspaper. Following 

the information meeting, local citizens have a 

period of four weeks to make a purchase offer.

in the case of both the loss-of-value and 

option-to-purchase schemes, transitional regu-

lations exempting wind turbines where the 

municipality has published a supplement to the 

municipal plan with an associated eia or 

announced that the project does not require an 

eia apply until 1 march 2009. the wind turbine 

project must also be connected to the grid 

before 1 september 2010.

6.D. The greeN scheme

in order to further promote the local council’s 

commitment to wind turbine planning and 

local acceptance of new wind turbine projects, 

the Danish Promotion of Renewable Energy 

Act has introduced a green scheme for the 

financing of projects that enhance the scenery 

and recreational opportunities in the municipal-

ity. energinet.dk, which administers the 

scheme, pays dkk 0.004 per kwh for the first 

22,000 full-load hours from wind turbine 

projects that are connected to the grid on 21 

February 2008 or later. the money for the 

green scheme is recouped from electricity con-

sumers as a Pso contribution.

the money is lodged in a special account for 

the given municipality; the amount of money 

depends on how many wind turbines and of 

what size are connected to the grid in the 

municipality. a wind turbine of 2 mw gener-

ates a total sum of dkk 176,000. in order to 

24

Gisselbæk, standpunkt 1. Afstand til nærmeste mølle omkring 1,6 km Øverst: Oprindeligt VVM-forslag (3 stk 1,75 MW møller med en totalhøjde på 93 m)
Nederst: 3 stk 3,6  MW møller med en totalhøjde på 150  m

Photos: Visualisations by birk n
ielsen

Visualisations are an important element of an Environmental 

Impact Assessment (EIA) for new onshore wind turbine 

projects, and the method has been described in the report 

Store vindmøller i det åbne land – en vurdering af de landska-

belige konsekvenser (Large wind turbines in the open country-

side – an assessment of implications for the landscape). This 

example from the project in gisselbæk illustrates the difference 

between a project with 3 x 1.75 MW wind turbines, each with 

a total height of 93 metres (top), and a layout of 3 x 3.6 MW 

wind turbines, each with a total height of 150 metres. The dis-

tance from the observer to the nearest wind turbine is 1.6 kilo-

metres.

The visualisations were produced using a wind turbine model 

taken from the list in the WindPro software program: Siemens 

Wind Power’s 3.6 MW wind turbine. The report’s visualisation 

examples assume that the turbines have a standard grey anti-

reflective coating. The spacing is three times the rotor diame-

ter, which is recommended in respect of the wind turbine 

project’s own aesthetics and to avoid problems with turbu-

lence. For 3.6 MW wind turbines, this means a distance 

between the wind turbines of 321 metres.

EXHIBIT A5-3

Page 23 of 32

- - ~ _,_,_z;.. - -

~ ~ - Tr""~ -= . , 
---; ........ . - . .. 

~-.- • .. l • 
-· --

.A 

- - ~ - - -- - - --=- -

~ ~ •- t ---- --- . ' 
-----; -- . ~ . . 

.._,- • •. l -
-- -

 
014932



24   w ind  turb ines  in  denmark

Ph
ot

o:
 s

am
sø

 e
ne

rg
y 

a
ca

de
m

y

SAMSØ RENEWABLE ENERgy ISLAND: These three wind turbines, 

each 1 MW with a total height of 77 metres, are owned by 

local farmers and a wind turbine owners’ association with 

around 450 members. The wind turbines, which were erected 

in 2000 as part of the Samsø Renewable Energy Island project, 

are an example of how it really is possible to create strong 

public support for the erection of large onshore wind turbines 

by financially involving the local population in new projects.

In addition to these three wind turbines near the village of 

Permelille, a further eight 1 MW wind turbines have been 

erected at two other sites on Samsø. The total construction cost 

for the 11 onshore wind turbines was around DKK 66 million, 

and in a normal year the turbines produce around 25,300 

MWh, equivalent to the electricity consumption of some 6,500 

households. Samsø Municipality has approximately 4,000 

inhabitants.

promote local involvement in new wind tur-

bine projects, during processing of the project 

the municipality may apply to energinet.dk for 

a subsidy for certain development works or 

activities that draw on the full amount so that 

citizens become aware of the benefits that are 

obtained from the wind turbine erection. 

However, the subsidy can only be paid once 

the wind turbine project is connected to the 

grid. if several wind turbine projects are imple-

mented in a municipality, the subsidies can be 

used for one combined project. in order for the 

money to be paid, the municipality must dem-

onstrate to energinet.dk that the money will 

be used in accordance with the application.

the green scheme may wholly or partly 

finance development works for enhancing sce-

nic or recreational values in the municipality. a 

subsidy may also be granted for municipal cul-

tural activities and informational activities in 

local associations, etc., aimed at promoting 

acceptance of the use of renewable energy 

sources in the municipality. the municipalities 

may not raise complaints about energinet.dk’s 

handling of subsidies within the green scheme, 

but they can refer energinet.dk’s calculation of 

the municipality’s share of the green scheme 

to the energy board of appeal.

6.e. The guaraNTee scheme

in order to give local wind turbine owners’ 

associations and other initiative groups the 

opportunity to initiate preliminary investiga-

tions, etc., for wind turbine projects, energinet.

dk has set up a guarantee fund of dkk 10 mil-

lion that will make it easier for local initiatives 

to obtain commercial loans for financing pre-

liminary investigations and keep the initiative-

takers financially indemnified if the project 

cannot be realised. the money for the guaran-

tee fund is recouped from electricity consumers 

as a Pso contribution.

a local initiative may apply to energinet.dk for 

a guarantee to take out a loan of maximum 

dkk 500,000. there are conditions that the 

wind turbine owners’ association or initiative 

group must have at least 10 members, the 

majority of whom have a permanent residence 

in the municipality, and that the project pre-

pared involves onshore wind turbines with a 

total height of at least 25 metres or offshore 

wind turbines that are established without a 

government tender.

the guarantee can be given for activities that 

may be regarded as a natural and necessary 

part of a preliminary investigation into estab-

lishing one or more wind turbines. this might 

be an investigation of the siting of wind tur-

bines, including technical and financial assess-

ments of alternative sitings, technical assist-

ance with applications to authorities, etc. 

However, it is a condition that at the time of 

application the project is financially viable in 

the opinion of energinet.dk. Guarantees can be 

awarded for a maximum total sum of dkk 10 

million. if this limit has been reached, new 

applications are placed on a waiting list. the 

guarantee shall lapse when the wind turbines 

are connected to the grid or if the local group 

sells its project to another party.

energinet.dk’s decisions concerning the guaran-

tee fund may be contested with the energy 

board of appeal.
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Factbox
The scrapping scheme

Part of the current projects involving new 

onshore wind turbines is being carried out under 

the scrapping scheme, which was agreed in the 

Energy Policy Agreement of 2004. older and less 

efficient wind turbines with an output of maxi-

mum 450 kw can be dismantled in return for  

a scrapping certificate giving an erector the right 

to an extra supplement of dkk 0.08 per kwh for 

12,000 full-load hours for new wind turbines 

with a total output up to twice as high as that  

 of the dismantled turbines.

the scrapping scheme covers wind turbines 

totalling 175 mw, equivalent to the erection of 

new wind turbines with scrapping certificates for 

a total of 350 mw. 

the scheme for earning scrapping certificates 

and redeeming them for new projects is ad-

ministered by energinet.dk, which also pays the 

price supplements connected with the scrapping 

scheme as a Pso-financed contribution.

The Vattenfall electricity company, which is the larg-

est owner of Danish onshore wind turbines, was also 

responsible for the largest project under the scrapping 

scheme at Nørrekær Enge, where 77 older wind tur-

bines were replaced with 13 x 2.3 MW turbines. In 

the photo, the installers are setting up one of the 

new wind turbines, which were connected to the grid 

in 2009.
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6.F. eNergINeT.DK’s FrONT OFFIce

in order to ensure smooth, efficient administra-

tion of the four new schemes, energinet.dk has 

set up a Front office to take care of all direct 

contact with users of the schemes, while 

energinet.dk’s technical experts (back offices) 

undertake the actual legal and financial case-

handling. in order to make the work easier for 

wind turbine erectors, neighbours and munici-

palities, there is a link (in danish only) on the 

energinet.dk website to a small library where all 

relevant application forms and other documents 

can be downloaded via the menu item “nye 

vindmøller – hjælp til ejere, naboer og kom-

muner m.fl.” (new wind turbines – help for 

owners, neighbours and municipalities, etc.).

the website also gives access to information 

(in danish only) on the new schemes: the 

menu item “kunder” (Customers) gives access 

to information and material on the loss-of-val-

ue scheme and the option-to-purchase 

scheme, while the menu item “klima og miljø” 

(Climate and the environment) gives access to 

information on all four schemes via the sub-

menu “Danish Promotion of Renewable Energy 

Act”. the Front office staff can be contacted 

during business hours (9:00 am to 3:00 pm) by 

telephone on +45 70 20 13 53, or by e-mailing 

fo@energinet.dk.

the majority of initial inquiries have been 

about the loss-of-value scheme. in the first 

project to pass through the scheme’s proce-

dures, around half of the neighbours who 

made a claim for compensation obtained a vol-

untary settlement with the wind turbine erec-

tor, while the valuation authority has been 

involved in the other claims. Compensation 

was paid in two cases, while two claims were 

rejected. the valuation authority’s specific deci-

sions, which are published in anonymous form, 

can be monitored via the website www.taksa-

tionsmyndigheden.dk (in danish only).

the website www.energinet.dk also contains 

a summary of the individual municipalities’ 

accounts in the green scheme so that you can 

see whether a municipality currently has funds 

available for projects and activities. l
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7. tariFFs For eleCtriCity  
 ProduCed by wind turbines

Factbox 
Tariffs for electricity produced  

by wind turbines

the development of wind power in denmark has 

been promoted since the late 1970s by paying 

wind turbine owners a supplement to the elec-

tricity production price. even though the electric-

ity market in denmark was liberalised in 1999 so 

that the market price could fluctuate according 

to supply and demand, the wind turbine owners 

were guaranteed a fixed feed-in tariff. 

in the Energy Policy Agreement of 2004 the 

wind turbine owners’ production subsidy was 

established as a supplement to the market price 

of dkk 0.10 for 20 years. in the energy Policy 

agreement of February 2008 it was decided to 

increase the production subsidy to make it more 

attractive to erect onshore wind turbines.

as the 4,700 or so onshore wind turbines were 

erected at different times, the production subsidy 

varies depending on the date of grid connection 

and the size of the wind turbines. the detailed 

conditions are set out in the Danish Promotion 

of Renewable Energy Act, which contains all the 

tariffs for electricity produced by wind turbines. 

new onshore wind turbines connected to the 

grid after the Energy Policy Agreement of 21 

February 2008 receive a supplement to the mar-

ket price of dkk 0.25 per kwh. this supplement 

applies for the first 22,000 full-load hours, after 

which the wind turbine owner only receives 

the market price. Furthermore, a supplement of 

dkk 0.023 per kwh is paid to cover balancing 

costs for the full lifetime of the wind turbine. 

new wind turbines established with a scrapping 

certificate receive an extra supplement of dkk 

0.08 per kwh for 12,000 full-load hours.

offshore wind turbines established under an open-

door procedure receive the same supplement as 

new onshore wind turbines, i.e. dkk 0.25 per kwh 

plus dkk 0.023 per kwh. in the case of offshore 

wind turbines established as part of a government 

tender, the supplement depends on the price at 

which the tendering party is prepared to produce 

electricity. this price will usually depend on the 

estimated construction costs, the local wind condi-

tions, and the project developer’s financing terms. 

7.a. The NeeD FOr FINaNcIal suppOrT 

FOr WIND TurbINe elecTrIcITy

right from the late 1970s, there has been 

financial support for electricity produced by 

wind turbines. in the early years, this support 

took the form of both installation grants and 

electricity production subsidies. since the 

beginning of the 1990s, the support has taken 

the form of a guaranteed feed-in tariff or a 

supplement to the market price. the support is 

offered as compensation for wind turbine own-

ers because electricity production from wind 

turbines still cannot compete financially with 

conventional production at power plants using 

coal, natural gas or oil.

the current supplement to the market price is 

paid by energinet.dk, which recoups the sum 

as a public service obligation (Pso). the 

amount is indicated on electricity bills. in 

recent years, when the average market price in 

the nordic spot market has been fluctuating 

between dkk 0.20 and 0.35 per kwh, the Pso 

tariff has been around dkk 0.10 per kwh. as 

well as wind turbines, which receive around 

half of these Pso contributions for environmen-

tally friendly electricity production, the contri-

butions are also spent on supporting decentral-

ised CHP plants, electricity production from bio-

mass, solar power, etc.

7.b. prIce supplemeNTs FOr  

 ONshOre WIND TurbINes

the price supplement for electricity produced 

by wind turbines is regulated in the Danish 

Promotion of Renewable Energy Act in accord-

ance with the Energy Policy Agreement of 21 

February 2008. Here, a broad political majority 

in the danish Parliament agreed to increase 

the supplement to make it more attractive to 

erect onshore wind turbines. the electricity 

produced is supplied to the electricity supply 

grid, and the turbine owner sells the actual 

electricity on the market under market condi-

tions. a dkk 0.25 supplement to the market 

price is paid for electricity produced by wind 

turbines connected to the grid on or after 21 

February 2008. the price supplement applies 

for the first 22,000 full-load hours. Further- 

more, a supplement of dkk 0.023 per kwh is 

paid to cover balancing costs throughout the 

turbine’s lifetime.

in the case of wind turbines that were connect-

ed to the grid before 21 February 2008, there 

are special regulations that depend on the date 

of connection and the size.

Household wind turbines and small turbines, 

i.e. wind turbines with an output of less than 

25 kw, that are connected in a household’s own 

consumption installation, receive a price sup-

plement which, together with the current mar-

ket price, amounts to dkk 0.60 per kwh.

if a wind turbine erector has earned or pur-

chased scrapping certificates from older wind 

turbines with an output of 450 kw or less and 

dismantles the turbines in the period 15 

december 2004 to 15 december 2010, the 

erector may receive a scrapping price supple-

ment of dkk 0.08 per kwh, which is added to 

the general price supplement of dkk 0.25 per 

kwh. the scrapping price supplement is paid for 

the first 12,000 full-load hours at double the 

dismantled wind turbine’s output. the supple-

ment is conditional on the wind turbine being 

connected to the grid by 31 december 2010.

7.c. prIce supplemeNTs FOr  

 OFFshOre WIND TurbINes

the price supplement for electricity produced 

by offshore wind farms established as part of a 

government tender is determined as part of 

the given tender. the winners of the tenders to 

date have been the bidders that could offer the 

lowest feed-in tariff. in the two government 

tenders carried out so far, the feed-in tariff for 

Horns rev ii, which is owned by donG energy, 

was set at dkk 0.518 per kwh for 10 twh, cor-

responding to around 50,000 full-load hours, 

and the feed-in tariff for rødsand ii, which is 

owned by e.on ab, was set at dkk 0.629 per 

kwh for 10 twh, corresponding to around 

50,000 full-load hours. wind turbines estab-

lished under an open-door procedure receive 

the same price supplement as new onshore 

wind turbines, i.e. dkk 0.25 per kwh for 22,000 

full-load hours plus dkk 0.023 per kwh for the 

full lifetime of the turbine. l
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8. inCorPoration oF wind Power  
 into tHe eleCtriCity system

8.a. varyINg elecTrIcITy prODucTION  

 OF WIND TurbINes

over the decades denmark has built up a well-

functioning electricity system that gives con-

sumers technical supply reliability that is 

among the best in the world. the electricity 

system has traditionally been based on a limit-

ed number of large thermal power stations 

whose heat surplus is used to feed the district 

heating supply of the largest towns. in the last 

15-20 years this set-up has changed signifi-

cantly, with the predominant proportion of 

new capacity being established as decentral-

ised CHP plants, waste-based CHP plants, and 

wind turbines. this decentralised electricity 

production set-up has required the develop-

ment of new methods for controlling and regu-

lating the electricity system.

with a total installed capacity of around 3,200 

mw, wind turbines today can annually cover 

around 20% of domestic electricity supply. by 

way of example, to cover around half of the 

electricity consumption with wind power in 

2025 would require an increase to around 

6,700 mw.

with the current wind turbine capacity there are 

already periods of the year when the electricity 

production of the wind turbines exceeds the 

total danish consumption. this occurs in particu-

lar at night, when the wind blows strongly.

in a european context, denmark is located 

between norwegian and swedish systems 

dominated by hydroelectric power and a conti-

nental system dominated by thermal power 

stations south of the border. in Germany, the 

netherlands and belgium, as well as in norway 

and sweden, there are currently plans for a 

major development of wind power, and the 

danish electricity system will therefore assume 

an important role in linking areas with hydroe-

lectric power, wind power and thermal electric-

ity production respectively. the cross-border 

connections from denmark to norway, sweden 

and Germany currently play a key role in opti-

mum utilisation of the fluctuating electricity 

production of the wind turbines. when it is 

windy in denmark and electricity consumption 

is relatively low, denmark exports electricity to 

norway and sweden, which turn down their 

hydroelectric power stations’ turbines accord-

ingly. in this way the hydroelectric power sta-

tions’ water reservoirs function as an indirect 

store for wind-power-produced electricity 

because the hydroelectric power stations can 

quickly increase their production when the 

wind turbines can no longer cover such a large 

proportion of electricity consumption.

as the electricity system also has to be able to 

supply danish consumers in periods when 

danish wind turbines are not producing due to 

a lack of wind or storms, the system can either 

be fed by thermal power stations or via cross-

border connections. in this way, the develop-

ment of strong cross-border connections acts as 

an alternative to danish back-up capacity with 

thermal power stations.

an anticipated major development of danish 

wind power capacity increases the need to 

develop methods and means to make electrici-

ty consumption more flexible so that electricity 

consumers are encouraged to reduce consump-

tion in periods of low production capacity in 

return for increasing consumption when produc-

tion is high. Practical trials have demonstrated 

various forms of flexible electricity consump-

tion: electric heat consumers can be switched 

off for a few hours without inconvenience; cold 

stores can switch off the electricity supply with-

out the temperature increasing to a critical 

level; washing machines and dishwashers in 

private homes can be switched on when elec-

tricity prices are low; and so on.

However, a greater effect on the electricity sys-

tem’s overall flexibility can be achieved by 

integrating electric car batteries and heat 

pumps into a flexible electricity consumption. 

this will help reduce denmark’s greenhouse 

gas emissions from the sectors of society that 

are not covered by the european Co2 quota 

regulation. (the european quota regulation reg-

ulates Co2 emissions for large dischargers such 

as electricity and heating plants and energy-

intensive industry.) Given that from 2013 

denmark will have a special climate emission 

Photos: ricky John m
olloy/energinet.dk

gREAT BELT ELECTRICITy LINK: In order to be able to connect up 

the two separate parts of Denmark into one electricity system, 

work has been carried out in recent years on an electricity link 

under the great Belt. The link is expected to begin operating in 

2010 with a transmission capacity of 600 MW, equivalent to 

about one tenth of the total Danish electricity consumption on 

a cold winter’s day.

The great Belt link has a construction budget of approximately 

DKK 1.2 billion and estimated annual operating costs of just 

over DKK 100 million. This is regarded as a good investment for 

Danish society because the link will make it possible to exploit 

Danish wind turbine power more efficiently within Denmark. 

The link will also reduce the need for reserve production capac-

ity in the electricity system and increase competition in the 

electricity market.

The electricity link consists of a 32 km underwater cable and 

two land cables of 16 km on Funen and 10 km on Zealand. The 

link will run from Fraude on Funen to Herslev on Zealand.

The above photos show the underwater cable being laid in 

summer 2009.
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target duty for the sectors that are not covered 

by the quota system, the reduction of emis-

sions in these sectors will be of particular 

value. at the same time, the transport sector is 

still completely dominated by oil, from which 

denmark has a long-term goal to free itself. 

there are therefore environmental, supply-

related and economic benefits associated with 

converting energy consumption from the sec-

tors that are not quota-regulated into electrici-

ty and district heating. at the same time, an 

increase in electricity consumption’s share of 

total danish energy consumption makes it pos-

sible to use a relatively larger proportion of the 

electricity production from the wind turbines in 

denmark, especially if this can be done with a 

more flexible electricity consumption.

8.b.  research INTO aN 

 INTellIgeNT eNergy sysTem

Converting the danish energy system requires 

the introduction of more intelligent and self-

regulating methods for controlling the system. 

in order to maintain a high technical level of 

supply reliability there must be a constant bal-

ance between production/supply and con-

sumption in the danish electricity system. as 

the electricity production from wind turbines 

can be changed at very short notice, there is a 

need for advanced communication between 

production installations, the system operator 

and consumers. the quicker and more effi-

ciently the system operator can regulate both 

production and consumption, the lower the 

energy system’s economic costs become.

in order to ensure this development of the 

electricity system, for several years intensive 

research has been carried out into advanced 

methods for regulating the electricity system, 

and danish research environments are among 

the most competent in the world. Furthermore, 

research is being undertaken into components 

that make individual wind turbines easier to 

regulate by the system operator. by combining 

new advanced regulation methods with intelli-

gent electric meters installed in the premises 

of consumers, the operation of the electricity 

system can be optimised and it will be techni-

cally possible to incorporate ever greater 

amounts of fluctuating electricity production 

from wind turbines, wave power installations, 

solar cells, etc. l
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The map of Denmark from Energinet.dk shows the Danish high-

voltage grid and associated cross-border connections to 

Norway, Sweden and germany. Strong cross-border connections 

are regarded as a vital precondition for efficient utilisation of 

the varying Danish electricity production from wind turbines.

Currently there are plans to expand the connections between 

Denmark and Norway (Skagerak IV) and between Denmark 

and germany. Furthermore, it is possible to expand the connec-

tions between Denmark, Sweden and germany by connecting 

a large offshore wind farm on Kriegers Flak to the grid. A pos-

sible offshore wind farm south of Læsø could also pave the 

way for a stronger connection between Jutland and Sweden. 

And finally, work is being carried out on plans for an underwa-

ter cable connection between Denmark and the Netherlands 

(Cobra), which in the long term would make it possible to carry 

electricity production from Denmark and Danish offshore wind 

farms in the North Sea to continental Europe.

Key
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FurtHer inFormation

energinet.dk’s Front office can be contacted during business hours (09:00 am to 

3:00 pm) by telephone on +45 70 20 13 53, or by e-mailing fo@energinet.dk.

the legal provisions on wind power can be found in the Danish Promotion of 

Renewable Energy Act (l 1392, adopted by the danish Parliament on 27 

december 2008), bill no. 55 of 5 november 2008 with explanatory notes. 

both can be downloaded (in danish) from www.retsinformation.dk.

more detailed regulations on onshore wind turbines can be found in Circular 

no. 9295 of 22 May 2009 on planning and rural zone permits for the erection 

of wind turbines. the Circular and the associated guideline (no. 9296) can be 

downloaded (in danish) from www.blst.dk/landsplan/vindmoeller.

the birk nielsen visualisation report entitled Store vindmøller i det åbne land 

– en vurdering af de landskabelige konsekvenser (Large wind turbines in the 

open countryside – an assessment of implications for the landscape) can be 

downloaded (in danish) from www.skovognatur/udgivelser/2007/

storevindmoller.htm.

the report of the danish Government’s Planning Committee for onshore wind 

turbines, published in 2007, can be downloaded in danish from www.blst.

dk/landsplan/vindmoeller/vindmoelleudvalg. an interactive map for 

assistance with wind turbine planning can be accessed via www.blst.dk/

landsplan/vindmoeller/afstandskort.

an english summary of the report of the danish Government’s Committee for 

Future offshore wind Power sites entitled Future Offshore Wind Power Sites – 

2025, published in april 2007, can be downloaded from www.ens.dk/

en-us/supply/renewable-energy/Windpower/offshore-Wind-power/

Future-offshore-wind-parks/sider/Forside.aspx and the updated Offshore 

Wind Turbine Action Plan 2008, published in april 2008, can be downloaded 

(in danish) from www.ens.dk/da-DK/undergrundOgForsyning/

vedvarendeenergi/vindkraft/sider/Forside.aspx.

the danish ministry of the environment’s wind turbine secretariat has a website 

at www.vind.mim.dk and can be contacted during business hours (09:00 am 

to 4:00 pm) by telephone on +45 72 54 05 00, or by e-mailing vind@mim.dk.
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Health effects related to wind turbine sound 

Summary 

Frits van den Berg 

Public Health Service Amsterdam 

Amsterdam, the Netherlands 

Irene van Kamp 

National Institute for Public Health and the Environment 

Bilthoven, the Netherlands 

Exhibit AS-4 

This report reviews recent literature on health effects related to wind turbines. This has been done at the 
request of the Swiss Federal Office for the Environment. The request was to give an overview of the 
conclusions from the more recent scientific reviews with respect to the health effects of sound from wind 
turbines. Questions about health effects often play a prominent role in local discussions on plans for (an 
extension of) a wind turbine farm. 

Noise annoyance is the most often described effect of living in the vicinity of wind turbines. Annoyance 
from other aspects, such as shadow flicker, the visual (in)appropriateness in the landscape and blinking 
lights, can add to the noise annoyance. Some people report annoyance (irritation, anger and anxiety) if they 
feel that the quality of their surroundings and living conditions will deteriorate or has deteriorated due to the 
siting of wind turbines. Long lasting annoyance can lead to health complaints. There are less data available 
to evaluate the effects of wind turbines on sleep. Sleep disturbance is found to be related to annoyance, but 
there is no dear relation with the level of wind turbine sound. From knowledge about transportation sound, 
sleep disturbance can be expected at high levels of wind turbine sound. There is no evidence for other direct 
health effects. Other (indirect) health effects that have been reported on an individual basis could be a result 
of chronic annoyance. 

These are the main conclusions of a literature survey performed by the Municipal Health Service (GGD) 
Amsterdam and the Dutch National Institute for Public Health and the Environment (RIVM), both in the 
Netherlands. Residential sound levels from wind turbines are lower than those from comparable sources, 
such as traffic or industry, but are experienced as more annoying. This is possibly caused by the typical 
swishing or rhythmic character of the sound. Perhaps the low frequency component of wind turbine sound 
also leads to extra annoyance, as is the case with other sources. However, there is no evidence of an effect 
specifically related to the low frequency component. It has been suggested that a direct effect of infrasound 
on persons has been underestimated, but available knowledge does not support this. Perhaps the effect of 
rhythmic pressure pulses on a building can lead to added indoor annoyance and should be further 
investigated. Besides the wind turbine sound as such, personal characteristics, the local situation and the 
conditions for planning a wind farm also play a role in reported annoyance. For example, at equal noise 
levels, people report more annoyance when they can actually see a wind turbine; or less annoyance, when 
they benefit from the wind turbine or farm. Other factors that should be taken into account when interpreting 
annoyance scores are noise sensitivity, privacy issues and social acceptance. 

1. INTRODUCTION 

This text gives an overview of knowledge about 
wind turbine sound and its effects on 
neighbouring residents. It emphasizes knowledge 
from scientific publications, where peer-reviewed 

articles are most eminent. However, some 
scientific reports and papers presented at 
conferences also provide important and often 
reliable information. 

Page 1 of 29  
014942



 

Health effects related to wind turbine sound  p. 2  

 

This overview is commissioned by the Noise and 

NIR Division of the Swiss Federal Office for the 

Environment (Bundesamt für Umwelt). The 

request was to give an overview of the 

conclusions from the more recent scientific 

reviews with respect to the health effects of sound 

from wind turbines with special attention to 

infrasound and low frequency sound. We have 

collected all relevant reviews since 2009, but 

these did not include the most recent studies, 

especially from Canada and Japan. For the period 

between 2009 – 2015 only reviews were 

considered. For the period between 2015 and 2017 

the reviews as well as the original studies were 

included. Where relevant we refer to earlier 

original papers (before 2015).  

We start in Chapter 2 with an explanation of the 

sound produced by and heard from a wind turbine 

and what sound levels occur in practice. We use 

the term ‘sound’ because we do not want to imply 

a priori the negative meaning that noise 

(‘unwanted sound’) has. Other aspects of wind 

turbines can cause annoyance by themselves or 

can have an influence on the appreciation of the 

sound; these other impacts are considered in 

Chapter 3. Chapter 4 is about how sound from a 

wind turbine can affect people and especially 

neighbouring residents and in what way and to 

what degree other factors are important to take 

into account. This is repeated in Chapter 5 for 

sound at (very) low frequencies that allegedly can 

affect people in others ways that ‘normal’ sound 

does.  

In Chapters 3 through 5 we have taken 

information from others without evaluating the 

different research results. Our evaluation is in 

Chapter 6 where our conclusions from reading and 

interpreting all the scientific information are 

summarised. This chapter concludes the main text.  

In Annex A it is described how we retrieved all 

relevant scientific information and all the articles 

providing this information are listed in Annex B. 

A reference to this list is given in the main text by 

a small superscript number, with more references 

separated by a comma or –when including a 

range- a hyphen(e.g. 4, 6 or 7-10). When we use 

author names, ‘et al’ means there are two or more 

co-authors.  

We thank Professor Geoff Leventhall and 

Professor Kerstin Persson Waye for their useful 

comments to an earlier version of this text. 

2. THE SOUND  

          of  WIND TURBINES 

2.1 Sound production 

An overview of wind turbine sound sources is 

given in a number of publications such as 

Wagner1, Van den Berg2, Leventhall and 

Bowdler3 or Hansen et al4.  

For the tall, modern turbines most sound comes 

from flowing air in contact with the wind turbine 

blades: aerodynamical sound. The most important 

contributions are related to the atmospheric 

turbulence hitting the blades (inflow turbulence 

sound) and air flowing at the blade surface 

(trailing edge sound).  

 Turbulence at the rear or trailing edge of a 

blade is generated because the air flow at the 

blade surface develops into a turbulent layer. 

The frequency with the highest (audible) 

sound energy content is usually in the range of 

a few hundred Hz (hertz) up to around 1000-

2000 Hz. At the blade tips conditions are 

somewhat different due to air flowing towards 

the tip, but this tip noise is very similar to 

trailing edge noise and usually not 

distinguished as a relevant separate source.  

 Inflow turbulence is generated because the 

blade cuts through turbulent eddies that are 

present in the inflowing air (wind). This sound 

has a maximum sound level at around 10 Hz.  

 Thickness sound results from the 

displacement of air by a moving blade and is 

insignificant for sound production when the 

air flows smoothly around the blade. 

However, rapid changes in forces on the blade 

result in sideways movements of the blade 

and sound pulses in the infrasound region. 

This leads to the typical wind turbine sound 

‘signature’ of sound level peaks at frequencies 

between about 1 to 10 Hz. These peaks cannot 

be heard, but can be seen in measurements.  

2.2 Sound character 

Inflow turbulence sound is important in the low 

and middle frequency range, overlapping with 

trailing edge sound at medium and higher 

frequencies. As both are highly speed dependent, 

sound production is highest where the speed is 

highest: near the fast rotating tips of the blades.  
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When the sound penetrates into a dwelling, the 

building construction will attenuate the higher 

frequencies better than the lower frequencies. As a 

result, indoor levels will be lower and the sound 

inside is of a lower pitch, as higher frequencies 

are more reduced than low frequencies. This is 

true for every sound coming from outside.  

Wind turbine sound changes over time. An 

important feature is the variation of the sound at 

the rhythm of the rotating blades that is described 

as swishing, whooshing or beating. This variation 

in synchrony with the blade passing frequency is 

also called the Amplitude Modulation (AM) of the 

sound.  

An explanation for the typical swish that is 

audible close to a turbine has been given by 

Oerlemans5. Because of the forward directivity of 

trailing edge sound (more sound is radiated in the 

forward direction of the blade) and the Doppler 

amplification (forward of the moving blade) there 

is a higher sound level when the blade tip is 

moving towards an listener and a lower level 

when it moves away. As a result, one can hear a 

variation in sound level in the rhythm of the 

passing blades. This swishing can always be heard 

close to a turbine. However, this explanation does 

not hold for an observer distant and downwind 

from a turbine. In that case, there is no blade 

moving towards the observer. But even at long 

distances one can sometimes hear a rhythmic 

variation that can develop into a distinct beating.6 

In papers and reports this is sometimes referred to 

as ‘other’ or ‘special’ AM.7,8 The explanation for 

this ‘special’ AM is a change in wind speed over 

the rotor diameter. When a blade encounters 

different wind speeds in its rotation, this will lead 

to a variation in sound production at the blade. 

This will typically occur when there is a high 

wind shear, i.e. the wind speed increases 

substantially with height. Certainly at night there 

can be a firm wind at rotor height even though 

there may be almost no wind at ground level. It 

can also occur when part of the rotor is in the 

‘wind shadow’ of a ridge or another turbine. A 

regular variation can explain a rhythmic beating. 

This is most often heard in evening, night time 

and early morning and when there is low cloud 

cover, which implies a stable atmosphere and high 

wind shear.6,8,9,10  

AM may be terrain dependent: over hilly or 

mountainous terrain wind shear may be rather 

different from the wind shear over flat terrain. 

Even so, with turbines on a ridge and residents in 

a valley, a high contrast between wind turbine and 

background sound may exist,11 similar to the 

effect of a stable atmosphere over flat ground. 

Wind turbine sound can sometimes be tonal, i.e. 

one can hear a specific pitch. This can be 

mechanical sound from the gear box and other 

devices in the turbine and this was a relevant 

source for early turbines. However, this has been 

reduced and is generally not an important source 

for modern turbines. Another possible source is an 

irregularity on a blade, but this is apparently rare 

and can be mended. Nevertheless, tonal sounds 

still can occur. 

2.3 Human hearing  

Human hearing is relatively insensitive at low 

frequencies as shown in figure 1: the upper part 

gives the average hearing threshold; the lower part 

shows which frequencies are in the infrasound and 

low frequency sound region (the upper limit of the 

low frequency region is not formally defined and 

can vary from 80 to 200 Hz). 

It is usual to apply a correction to a measured 

sound that takes the hearing sensitivity at different 

frequencies into account. This so-called A-

weighting mimics the frequency dependency of 

human hearing at moderate loudness. Most 

environmental sounds with a level of 40 dBA (A-

weighted deciBels) will approximately have the 

Figure 1: above: the average hearing threshold 

for normal hearing people from 2 – 1000 Hz 

(figure from Møller and Pedersen12); below: 

infrasound, low frequency sound and total 

audible sound region (from SHC13) 

EXHIBIT A5-4

Page 3 of 29

120 

• 1100 
! 
i 80 

j 
; 60 

i 40 .., 
, 
~ 20 

10 100 1000 

0,2 20 200 2000 20000 

Frequency (Hz) 

 
014944



 

Health effects related to wind turbine sound  p. 4  

 

same loudness for human hearing. Such a low to 

moderate loudness is present at actual wind 

turbine sound levels at many residences near wind 

farms. Therefore, A-weighting should give a 

(nearly) correct approximation of the loudness of 

wind turbine sound at levels of 35 to 45 dBA. 

With hearing tests this was confirmed in the 

Japanese wind turbine sound study.14 A-weighting 

is less correct at lower sound levels; application of 

A-weighting to low levels (roughly < 30 dBA) 

may allow for more low frequency sound. Of 

course, this concerns sound levels that are already 

low and usually will comply with limits. If the 

unit dB (no weighting) is used, as is often done at 

low frequencies, then no correction is applied to 

the sound level. If expressed in dBA (or dB(A), to 

be more correct), the A-weighting has been 

applied.* 

It is because of the combination of our hearing 

capacities at different frequencies and the sound 

level of the different wind turbine sources that 

trailing edge sound is the most dominant sound 

when outside and not too far from a wind turbine. 

The sound will shift to lower frequencies at larger 

distances or indoors and then inflow turbulent 

sound can be more important. 

2.4 Sound levels in practice 

For a modern turbine, the maximum sound power 

level is of the order of 100 to 110 dBA. For a 

listener on the ground at about 100 m from a 

turbine the sound level will not be more than 

about 55 dBA. At more distant, residential 

locations this is less and in most studies there are 

few people that are exposed to an average wind 

turbine sound level of more than 45 dBA. For two 

turbine types in a temperate climate it was shown 

that the sound level from these two types at full 

power is 1 to 3 dB above the sound level averaged 

over a long time.15  

Measurements on many types of modern wind 

turbines show that most sound energy is radiated 

at low and infrasound frequencies and less at 

higher frequencies (approximately 100 – 2000 

Hz). However, because of the lower sensitivity of 

human hearing at low frequencies, audibility is 

greater at the higher frequencies. Over time wind 

turbines have become bigger and onshore wind 

turbines now can have several megawatts (MW) 

                                                      

* However, in the EU a sound level averaged over day, 

evening and night is expressed in dB Lden, although it is an 

A-weighted level.   

electric power. 2 MW turbines produce 9 - 10 dB 

more sound power when compared to 200 kW 

turbines.16,17 Over time the amount of low-

frequency sound (10 – 160 Hz) increases at nearly 

the same rate as the total sound level. This also 

depends on the type of regulation of the rotor 

speed. For pitch regulated turbines the low 

frequency part of the sound increases at a 

somewhat higher rate (about 1 dB more for a 

tenfold increase in power) when compared to the 

total sound level and the reverse is true for stall 

regulated turbines.  

 

3. SOCIAL AND PHYSICAL 

ASPECTS other than noise  

In this chapter we mention a set of issues which 

are, next to sound, relevant for residents living in 

the vicinity of wind turbines. The visual aspect of 

wind turbines, safety, vibrations and 

electromagnetic fields may also have an impact on 

the environment and people in it. Other factors 

that influence the impact include economic 

benefit, intrusion in privacy and acceptance of the 

wind turbines and other sources of disturbance. 

Personal and contextual aspects can also 

determine the level of annoyance due to wind 

turbines.  

3.1 Visual aspects 

Modern wind turbines are visible from a 

considerable distance because they rise high 

above the environment and change the landscape. 

Due to the movement of their rotor blades, wind 

turbines are more salient in the landscape than 

objects which do not move. The rotating blades 

draw our attention and can cause variations in 

light intensity when the blades block or reflect 

sunlight. The visual and auditory aspects have 

been shown to be highly interrelated18,19,20 and are 

therefore hard to unravel with respect to their 

effects. Annoyance from visual aspects may add 

to or perhaps even reinforce annoyance from noise 

(and vice versa). 

3.1.1 Integration of wind turbines in the 

landscape 

The visual perception of wind turbines is 

associated to a number of factors such as the type 

of area and sound level.19,20 The perception may 

depend on the siting procedure and the attitude 

towards wind energy projects.21 In other words: 

the violation of the landscape is very dependent 
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on the context and a univocal judgment cannot be 

given. Integrating wind turbines in the landscape 

is a factor of great importance and is related to 

ideas people have about the landscape.22 Residents 

have expectations and requirements regarding 

their living environment and the visual 

appreciation may vary between individuals from 

positive to very negative. An exchange of 

viewpoints between different parties (residents, 

authorities, landscape planners, developers, etc.) 

can clarify these aspects, but do not necessarily 

lead to solutions. The type of area and its 

geographical features are important: in a more 

urban or industrial environment wind turbines will 

be less intruding than in a more natural landscape 

in which the turbines contrast more with the 

environment.23,24 All of this can influence people’s 

reactions and emotions: when the turbines are 

perceived as not matching with the environment 

the reactions can be more negative and vice versa. 

The Belgian Superior Health Council stated that 

people become attached to the place where they 

live and a wind turbine or wind farm in ‘their’ 

place may mean an intrusion and deterioration of 

that place.13 Also, siting a wind farm in a natural 

or ‘green’ area may counteract the positive health 

effect of such an area. These aspects should be 

part of the siting procedure as it is too difficult to 

quantify these effects, even in a specific 

situation.13  

3.1.2 Light flicker  

Light flicker can occur when the sun is reflected 

from a blade at a certain position of the blade. 

When the blades rotate this gives a continuous 

flicker. This is conspicuous and can be annoying. 

However, this feature has become rare for modern 

wind turbines, since it has become standard 

practice to cover the rotor blades with an anti-

reflection layer.  

Light intensity near a wind turbine can also 

change when the blades pass before the sun. This 

rotating shadow casting or shadow flicker (that 

only stops when the turbine stops) will be 

mentioned in Chapter 4 in relation to noise.  

3.2 Safety  

Wind turbines are under control of quality 

protocols of the producers and the authorities 

issue a construction permit based on rules for 

safety. On a regular (yearly) basis wind turbines 

are checked for their proper functionality. When a 

shortcoming is found or when a safety issue 

cannot be excluded the turbine has to be stopped. 

A turbine also can be stopped automatically when 

there is ice on the blades (which could be thrown 

from a rotating blade). Nevertheless, there is a 

chance that something will happen during the 

lifetime of a turbine. From a large number of wind 

turbine accidents, Asian et al conclude that most 

serious accidents (deaths) occur during the 

construction and maintenance of a wind turbine.25 

During operation, when generating electricity, 

natural influences (wind and lightning) are most 

important, followed by system or equipment 

failures.25 An early study in Switzerland on ice 

throw from wind turbines showed that this was -at 

that time- occurring regularly.26  

3.3 Vibrations due to wind turbines  

Vibrations from wind turbines can lead to ground 

vibrations and these can be measured with 

sensitive vibration sensors. In several studies 

vibrations have been measured at large distances, 

but this was because these vibrations could affect 

the performance of seismic stations that detect 

nuclear tests. These vibrations are too weak to be 

detected or to affect humans, even for people 

living close to wind turbines.27 

3.4 Electromagnetic fields 

Electric, magnetic and electromagnetic fields exist 

everywhere. Known and natural forms are UV-

radiation, infrared radiation and visible light. 

Electromagnetic fields (EMF) are also present 

near electric devices and transport of electricity 

over longer distances (such as power lines), 

including underground cables that link a wind 

turbine to the power grid. The strength of these 

fields reduces when the distance to the source 

increases. It is not plausible that the 

electromagnetic field strength near wind turbines 

and related underground cables form a health risk, 

as this is similar to what is present in homes.19 

3.5 Contextual and personal factors  

Research in the past decade has shed some light 

on the question why some people are more 

disturbed by wind turbines than other. Next to 

physical aspects, personal and contextual aspects 

also influence the level of annoyance. Often these 

aspects are referred to as non-acoustic factors, 

complementary to the acoustic factors in decibels. 

Because the term non-acoustic refers to a broad 

range of aspects, and as a result are very 

unspecific, we prefer the term personal and 
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contextual factors.28 They can be subdivided in the 

following sub-categories:  

 Demographic and socio-economic factors (age, 

gender, income, level of education); 

 Personal factors (fear or worry in relation to 

source, noise sensitivity, economic benefit 

from the source); 

 Social factors (expectation, attitudes towards 

producers or government, media coverage);  

 Situational factors (frequency of sound events, 

meteorological circumstances, other sound 

sources, distance to amenities, attractiveness of 

the area).  

Some of these aspects are relevant in the 

framework of wind turbines and are discussed in 

more detail below.  

3.5.1 View of wind turbines 

Noise and visual annoyance are strongly related as 

already mentioned above. People who also see 

turbines from their homes might be more worried 

about the health effect of continuous exposure and 

as a consequence also report more annoyance.13 

3.5.2 Economic aspects  

Economic aspects can also affect annoyance from 

wind turbines. In a study of Pedersen and Van den 

Berg and colleagues in the Netherlands29,30 some 

14% of the respondents benefited from one or 

more wind turbines, in particular enterprising 

farmers who lived in general closer to the turbines 

and were exposed to higher sound levels than the 

remaining respondents. In the subgroup of people 

benefiting from the turbine the percentage of 

annoyed persons was low to very low, even 

though they were on average closer to the turbines 

and hearing the turbines as well as others, using 

the same terms to describe the typical 

characteristics of wind turbine sound. In the study 

this group was described as “healthy farmers”: on 

average they were younger, more often male and 

had a higher level of education and reported less 

problems with health and sleep when compared to 

those not having economic benefits.30 However, it 

might not only be the benefit, but differences in 

attitude and perception as well as having more 

control over the placement of the turbines that 

might play a role.30 In the Canadian study of 

health effects from wind turbine sound, personal 

benefit was also correlated to being less annoyed, 

when excluding factors that were likely to be a 

reaction (such as annoyance) to wind turbine 

operation.20 In the Japanese study there was also a 

relation, but this was less strong (i.e. not 

significant).  

3.5.3 Privacy and freedom of choice  

Pedersen et al31 found that people who perceive 

the wind turbines as intruders and a threat to their 

privacy (motion, sound, visual) reported more 

annoyance. When people feel attached to their 

environment (‘place attachment’), the wind farm 

can form a threat to that environment and this can 

create resistance.32 Also, a feeling of helplessness 

and procedural injustice can develop when people 

feel they have no real say in the planning process. 

Potentially this plays a role especially in rural 

areas if people choose to live there because of 

tranquillity; for them the wind farm can form an 

important threat (visual and auditory). Moreover, 

there is anecdotal report of growing polarization 

between groups of residents which influences 

individual positions and choices.  

3.5.4 Noise sensitivity  

Noise sensitivity refers to an internal state 

(physiological, psychological, attitude, lifestyle 

and activities) of a person that increases the 

reactivity to sound in general. Noise sensitivity 

has a strong genetic component (i.e. is hereditary), 

but can also be a consequence of an illness (e.g. 

migraine) or trauma. Also, serious anxiety 

disorders can go together with an extreme 

sensitivity to sound which can in turn increase a 

feeling of panic.33 

Only a few studies have addressed this issue in 

relation to wind turbine sound. An early example 

is a study in New Zealand, in which two groups 

were compared (a ‘turbine group’ versus a control 

group).34 Noise sensitivity was measured with a 

single question informing whether people 

considered themselves as noise sensitive. In the 

turbine group a strong association was found 

between noise sensitivity and annoyance and a 

weak association in the control group. This shows 

there may be an interaction between exposure and 

sensitivity that has an effect on annoyance. This 

has also been documented for other sound 

sources.35 According to a case report from Thorne 

(2014), a relatively high proportion of residents 

near two wind farms in Australia were noise 

sensitive. Self-selection into a “quiet area” by 

noise sensitive people can be a plausible 

explanation. Recent studies of Michaud et al20 and 

Kageyama37 confirm the independent role noise 

sensitivity has on the reaction to wind turbines 

(see Chapter 4).  
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3.5.5 Social aspects 

For the social acceptance of wind turbine projects 

by a local community the SHC stated it is crucial 

how the community evaluates the consequences 

for their future quality of life.13 The 

communication and relation between the key 

parties (residents, municipality, project developer) 

is very important. Disturbance by wind turbines is 

a complex problem, in which the objective 

(physical) exposure and personal factors play a 

role, but also policy, psychology, communication 

and a feeling of justice.  

When planning and participation are experienced 

as unjust or inadequate, public support will soon 

deteriorate also among people who were 

originally neutral or in favour of the wind farm.38 

When residents feel they have been insufficiently 

heard, they feel powerless and experience a lack 

of control over their own environmental quality 

and quality of life. Worry or concern can be 

reduced by an open and honest procedure in 

which residents can contribute to the decisions in 

a positive way.39 Already in the early phase of 

wind energy, research from Wolsink40 and later 

from Breukers41 showed that collaboration with 

emphasis on local topics was more successful than 

a policy aimed at as much wind energy as possible 

and a non-participatory approach. According to 

Chapman et al42 and Crichton et al43 there is a 

strong psychogenic component in the relation 

between wind turbine sound and health 

complaints. This is not unique for wind turbine 

sound but has been documented for other sources 

as well (see e.g. 44,45,46).  

Many researchers have investigated the social 

acceptance of wind projects in a number of 

countries, including Switzerland, by local 

communities and many stress the relevance of a 

fair planning process and local involvement.47-

50,133 

 

4. WIND TURBINE SOUND  

          and HEALTH 

This chapter summarizes the state of the art 

regarding the knowledge available about the 

association between wind turbine sound and 

health. It is based on several literature searches 

and systematic reviews recently performed in the 

Netherlands.51,52 Using the same search method 

(see annex A for full description), these searches 

were updated with literature until February 2017. 

Some papers from the most recent conference on 

Wind Turbine Noise (May 2017) have been 

added.  

After a short explanation of the health effects 

addressed in the literature, first the main findings 

regarding noise annoyance, sleep disturbance and 

other health effects described in key reviews 

published until early 2017 are summarized. The 

influence of personal, situational and contextual 

factors on these effects is also included. Then, the 

most recent studies (2015-2017) will be described 

separately in more detail. These studies do not 

appear in reviews yet but are of high value as they 

build on earlier studies. The review is primarily 

based on results from epidemiological studies at 

population level, and smaller scale laboratory 

experiments. In addition, examples of individual 

stories are given, since they can enhance our 

insight in the problems that people living near 

wind turbines can experience. 

4.1 Which effects have been studied?  

People can experience annoyance from wind 

turbine sound, or irritation, anger or ill-being 

when they feel that their environmental quality 

and quality of life deteriorates due to the siting of 

wind turbines near their homes. This can lead to 

long term health effects. Annoyance and sleep 

disturbance are the most frequently studied health 

effects of wind turbine sound as is also the case 

for sound from other sources. In line with the 

World Health Organization’s (WHO) definition53 

of health as “a state of complete physical, mental, 

and social well-being and not merely the absence 

of disease or infirmity”, noise annoyance and 

sleep disturbance are considered as health 

effects.54,55  

4.1.1 Overview of the effects studied and 

mediating factors  

The number of publications on wind turbine 

sound and its health effects has increased 

considerably in the past ten years, including peer 

reviewed articles, conference papers and policy 

documents. They include 19,56-62,134 and papers 

from the Internoise and Wind Turbine Noise 

conferences in the years 2011-2014.  

In the past years a large number of reviews was 

published. The number of experimental and 

epidemiological studies was limited but recently 

has been increasing. Recent and leading reviews 

and policy documents draw comparable 

conclusions about the health effects of wind 

turbine sound: in general, an association is found 
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between the sound level due to wind turbines and 

annoyance from that sound. Also, an association 

with sleep disturbance is considered plausible, 

even though a direct relation is still uncertain 

because of the limited number of studies with 

sometimes contradictory results. Next to sound, 

vibration, shadow flicker, warning lights and other 

visual aspects have been examined in the reviews. 

Stress is related to chronic annoyance or to the 

feeling that environmental quality and quality of 

life has diminished due to the placement of wind 

turbines, and there is sufficient evidence that 

stress can negatively affect people’s health and 

well-being in people living in the vicinity of wind 

turbines.13 The literature is inconclusive about the 

influence of low frequency sound and infrasound 

on health. There are no studies available yet about 

the long-term health effects. Such longitudinal 

studies (studies comparing the situation at 

different times) would be more suitable to gain 

insight in the causality of the different factors.  

Most recently, Onakpoya et al61 reanalysed the 

data from eight cross sectional studies, selected on 

strict quality requirements and including 2433 

participants. Effects considered were annoyance, 

sleep disturbance and quality of life. Evidence 

supports the earlier conclusion that there is an 

association between exposure to wind turbine 

sound level and an increased frequency of 

annoyance and sleep problems, after adjustment 

for key variables as visual aspects, attitudes and 

background sound levels. The strength of 

evidence was the most convincing for annoyance 

followed by sleep disturbance, comparing effects 

at exposure levels below and above 40 dBA. The 

findings are in line with Schmidt and Klokker62 

and Janssen et al63, but not with Merlin et al19 who 

concluded that the direct effect of wind turbine 

sound on annoyance was weak and annoyance 

was more strongly related to other (contextual) 

factors.  

The review of Harrison60 is primarily focused on 

the health effects of low frequency sound and will 

therefore be discussed in Chapter 5.  

As stated in Chapter 3 personal and contextual 

factors can influence annoyance. There is 

consensus in the literature that visual aspects, 

attitudes towards wind turbines in the landscape 

and towards the people responsible for wind 

farms, the process around planning and 

construction and economic interest can all in their 

own way affect levels of annoyance.  

The next sections will describe the state of the art 

in more detail per health effect. Note that the 

description is limited to the effects of wind turbine 

sound in general in the “normal” frequency range. 

Findings from studies, addressing specific impacts 

of the low frequency component and infrasound 

distinct from “normal” sound are summarized 

separately in Chapter 5. 

4.2  Noise annoyance  

In many countries the assessment of the sound of 

wind turbines is based on average, A-weighted 

sound levels (see Chapter 2). It is generally 

accepted that annoyance from wind turbines 

occurs at lower levels than is the case for transport 

or industrial sound. Based on Dutch and Swedish 

data an exposure-effect relation was derived 

between calculated sound exposure levels 

expressed in Lden and the percentage highly 

annoyed, for in as well as outdoor exposures. 

Later research in Poland64 and Japan65 have 

confirmed these results and obtained comparable 

results. The relation between wind turbine sound 

level and annoyance can be compared with those 

for road, rail, aircraft and industry. This 

comparison is presented in figure 2 where the 

wind turbine data are from Janssen et al63, the 

‘aircraft Europe’ data from the European HYENA 

study66 and the other data from Miedema and 

Vos67 for industrial sound and from Miedema and 

Oudshoorn68 for air, road and rail transportation 

sound. The more recent HYENA study has shown 

that at a number of big European airports noise 

annoyance has increased when compared to the 

older data from Miedema and Oudshoorn68. 

Figure 2 shows that sound from wind turbines 

leads to a higher percentage of highly annoyed 

when compared to other sound sources. The 

relation resembles that of air traffic sound, but 

near airports there are higher sound levels and a 

correspondingly higher percentage of highly 

annoyed. The relations for transport sound in 

figure 2 have been derived for large numbers of 

persons from many countries, but the actual 

percentage for a specific place or situation can be 

very different, for wind turbines as well as other 

sources.  

Some think that it is too early to define exposure-

effect relations for wind turbines.13,69 According to 

them, the influence of context (like residential 

factors, trust in authorities and the planning 

process, situational) and personal factors (such as 

noise sensitivity and attitudes) is so strong that the 

exposure-effect relation can only (or at best) give 
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an indication of the percentage of highly annoyed 

at the local level.19,59 This is not unique to wind 

turbines, but is - to some degree - also true for 

other sound sources and in part explains why in 

specific places or situations the actual percentage 

of annoyed persons can differ from the relations in 

figure 2. Michaud et al20 compared the results 

from five studies and found there was a 7.5 dB 

variation in wind turbine sound levels that led to 

the same percentage of annoyed persons.  

What makes wind turbine sound so annoying? 

In a Dutch survey30 performed in 2007 75% of the 

respondents indicated that the terms 

“swishing/lashing” gave the best description of 

wind turbine sound, irrespective of their being 

annoyed or not by the sound. Laboratory studies 

have shown since a long time that the periodic 

variation in the sound of wind turbines adds to the 

annoyance. Already in 2002 annoying wind 

turbine sound was described as ‘swishing’, 

‘lapping’ or ‘whistling’ and the least annoying as 

‘grinding’ and ‘low frequency’.70 In the UK 

research was performed near three dwellings 

where people complained about wind turbine 

sound.71 Rather than the low frequency 

component of the sound, amplitude modulation or 

the rhythmic character was stated to be the most 

conspicuous aspect of the sound. In a later UK 

study Large and Stigwood132 concluded that 

amplitude modulation is an important aspect of 

the intrusiveness of wind turbine sound. More 

recently Yoon et al72 stated that there is a strong 

possibility that amplitude modulation is the main 

reason why wind turbine sound is easily 

detectable and relatively annoying.  

Whether the type of environment affects the levels 

of wind turbine annoyance is not yet clear. It can 

be assumed that people in rural areas are more 

likely to hear and see wind turbines than in more 

built up urban areas with more buildings and a 

less open view. However, Dutch research showed 

that the percentage of highly annoyed people was 

equally high in rural and urban areas,30 although 

the correlation with the wind turbine sound level 

was less strong in the built-up area.73 Only in rural 

areas the presence of a nearby busy road led to a 

reduction of the percentage annoyed residents by 

wind turbine sound. In a Swedish study it was 

found that residents in rural areas reported more 

annoyance in rural areas than in urban 

environments, possibly due to their expectation 

that the rural area would be quiet.31.  

The findings regarding low frequency sound and 

infrasound are not easy to interpret. It may be 

confusing that the frequency of the rhythmic 

changes in sound due to amplitude modulation is 

the same as the frequency of an infrasound 

component. Also, some authors conclude that low 

frequency sound and infrasound may play a role 

in the reactions to wind turbine sound that is 

different from the effects of ‘normal’ sound,74,75 

though this is contested by many others. This 

topic is discussed in Chapter 5.  

4.3 Sleep disturbance 

Good sleep is essential for physical and mental 

health. Sound is one of the factors that can disturb 

sleep or affect the quality of sleep. Several 

biological reactions to night time sound are 

possible: increased heart rate, waking up, 

difficulty in falling asleep, and more body 

movements (motility) during sleep.55 A Dutch 

study found that wind turbine sound did not affect 

self-reported sleep onset latency but did 

negatively influence the ability to keep 

sleeping.30,73 An increase in outdoor residential 

sound level above 45 dBA increased the 

probability of awakening. This was not the case 

for people who obtained economic benefit from 

the wind turbines, but this might also have been 

an age effect (co-owners of the turbines were 

younger). These findings of the study in the 

Netherlands are in line with the conclusions which 

the WHO drew from a review of scientific 

literature on the relation between transportation 

noise and sleep (Night Noise Guidelines55). 

According to the WHO, sleep disturbance can 

occur at an average noise level due to transport 

noise at the façade at night (Lnight) of 40 dB and 

Figure 2: Comparison of the percentage highly   

annoyed residents from sound of wind turbines, 

transportation and industry  

(approach adapted from Janssen et al63) 
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higher. This is similar to conclusions of research 

into the relation between wind turbine sound and 

sleep in the reviews mentioned above. The night 

noise guidelines of the WHO are not specifically 

and exclusively aimed at noise from wind turbines 

but cover a whole range of noise sources. It is 

conceivable that the relatively small sound peaks 

just above the threshold for sleep disturbance due 

to the rhythmic character of wind turbine sound 

cause sleep disturbance.76  

A direct association between wind turbine sound 

and sleep disturbance can only be concluded on 

when there is a measurable reaction to the sound. 

Such an immediate influence is only plausible 

when the sound level is sufficiently high and as 

yet has not been convincingly shown for wind 

turbine sound.19, 57,59 An indirect effect has been 

shown between self-reported sleep disturbance 

and annoyance from wind turbine sound, but not 

between sleep disturbance and the sound levels 

per se.73 Research has shown that also for other 

sound sources there is a high correlation between 

self-reported sleep disturbance and annoyance 

from noise.77 

Several more recent studies show an association 

between quality of life and sleep disturbance and 

the distance of a dwelling to a wind turbine.78,79 

Differences in perceived quality of life were 

associated with annoyance and self-reported sleep 

disturbance in residents. These results are highly 

comparable with those found for air and road 

traffic (e.g. see 80). 

 4.4 Other health effects due to sound  

In an Australian report36 the number of people 

living in the vicinity of wind turbines with serious 

health complaints was estimated to be 10-15%. 

However, literature reviews on the health effects 

of wind turbines13,19,56,57,58,59,61,62 conclude 

differently. According to these reviews there is no 

evidence for health effects caused by wind 

turbines in people living in the vicinity of wind 

turbines, other than annoyance and self-reported 

sleep disturbance and the latter inconclusive. 

There is however a correlation between 

annoyance and self-reported sleep disturbance73 

and perhaps other effects.19 Based on existing 

field studies there is insufficient evidence that 

living near a wind turbine is the direct cause of 

health effects such as mental health problems, 

headaches, pain, stiffness, or diseases such as 

diabetes, cardiovascular disease, tinnitus and 

hearing damage. 

4.5 Influence of situational and   

personal factors  

Research in the past years has shed some light on 

why some people are more disturbed by sound 

from wind turbines than others. Apart from the 

typical rhythmic character of the sound, visual 

aspects contribute considerably to the negative 

reactions to wind turbines. These characteristics 

are often described as ‘intrusive’: especially the 

swishing sound, the varying flicker and the 

continuous movement of the blades.18 Also, the 

diminishing level of road traffic sound at night 

while a wind turbine sound level remains the same 

or even increases at night might affect people’s 

perceptions. People who can see the turbine from 

their dwelling might report more annoyance 

because they fear that the turbine will damage 

their health.13  

Personal and situational factors can play a role in 

annoyance from wind turbines. From the literature 

a broad range of factors emerges which has been 

shown to influence annoyance: economic interest, 

procedural fairness, unpredictability of the sound 

due to weather conditions, fear for accidents, 

attitudes towards the visual aspects, noise 

sensitivity, social acceptance, and the feeling that 

privacy is intruded, to name a few. Individual 

reactions vary accordingly. There is a lot of 

variation in the aspects studied and also the 

strength of the evidence varies strongly. Recently 

more attention was given to the influence of 

expectations on the level of annoyance42,43 and the 

level of awareness (‘notice’) of the characteristics 

and prominent sounds of wind turbines.82 The 

influence of all these factors is not unique for 

wind turbine sound but has been found in many 

studied regarding the effects of sound sources.78 

4.6 Evidence since 2015  

4.6.1 Health studies  

In the period between January 2015 and 2017 21 

relevant publications were identified in the peer 

reviewed literature. These are nine papers on field 

studies20,37,82-88, seven on experiments72,89,90-94, 

three on a prospective cohort study95-97, one panel 

study98 and one qualitative analysis of interviews 

and discourse.99  

Two major studies were performed in this period, 

one in Canada20,82-86  and one in Japan37. These are 

discussed in more detail in the next sections. 
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4.6.2 Health Canada study 

The study from Health Canada20,57,82-86 was 

performed among 1238 adult residents living at 

varying distances from wind turbines. A-weighted 

sound levels outdoors were calculated as well as 

C-weighted levels, and additional measurements 

were made at a number of locations. A strong 

point of the study is the high response rate of 79 

percent. The results were presented in six 

publications, addressing effects on sleep, stress, 

quality of life, noise annoyance and health effects 

and a separate paper on the effect of shadow 

flicker on annoyance. Also, two papers were 

published describing the assessment of sound 

levels near wind turbines and near receivers.100,101  

In one of these papers82 Michaud et al describe the 

findings on annoyance, self-reported health and 

medication use. In line with earlier findings the 

study confirms that the percentage of residents 

highly annoyed with wind turbines increased 

significantly with increasing wind turbine sound 

levels. The effect was highest for visual impact of 

wind turbines, followed by blinking lights, 

shadow flicker, sound and vibrations. Beyond 

annoyance, results do not support an association 

between exposure to wind turbine sound level (up 

to 46 dBA) and the evaluated health-related 

endpoints such as mental health problems, 

headaches, pain, stiffness, or diseases such as 

diabetes, cardiovascular disease, tinnitus and 

hearing damage. 

The paper of Voicescu et al85 on the same data set 

studied the effect of shadow flicker, expressed as 

the maximum duration in minutes per day, in 

combination with sound levels and distance, on 

annoyance and health complaints including 

dizziness. As shadow flicker exposure increased, 

the percentage of highly annoyed increased from 

4% at short duration of shadow flicker (<10 

minutes) to 21% at 30 minutes of shadow flicker. 

Variables associated with the percentage highly 

annoyed due to shadow flicker included concern 

for physical safety and noise sensitivity. Reported 

dizziness was also found to be significantly 

associated with shadow flicker.  

In a further paper, of Feder et al86, results for 

quality of life (Qol) showed no effect at sound 

levels up to 46 dB. QoL was measured using the 

WHO Qol index that includes physical, 

environmental, social quality and satisfaction with 

health. This appears to be in contrast with findings 

reported earlier by Shepherd et al78 and 

Nissenbaum et al79, who did find significant 

effects of distance on QoL. However, the results 

of these studies are hard to compare because the 

exposures are not the same (sound level or 

distance) and because different instruments were 

used to measure perceived quality of life. 

Important moderating variables in the Canadian 

study were economic benefit and annoyance from 

visual aspects of the turbines. These variables 

have been reported earlier by many other 

researchers as far as noise annoyance is 

concerned.31,32,102-104 In all these studies, being 

highly noise sensitive was also related to more 

annoyance. Similarly, the odds of reporting poor 

QoL and dissatisfaction with health were higher 

among those who were highly noise sensitive. 

However, after adjustment for current health 

status and work situation (unemployment) the 

influence of noise sensitivity became marginal.  

Michaud et al83 reported on sleep disturbance from 

a field study involving 742 of the 1238 

respondents wearing an actimeter, to measure 

several relevant sleep quality indicators during 3-7 

consecutive nights after the interviews. Outdoor 

wind turbine sound levels were calculated 

following international standards for conditions 

that typically approximate the highest long-term 

average levels at each dwelling. Neither self-

reported sleep quality, diagnosed sleep disorders 

nor objective measures such as sleep onset 

latency, awakenings and sleep efficiency showed 

an immediate association with exposure levels up 

to 46 dB (after adjustment for relevant 

confounders such as age, caffeine use, BMI and 

health condition). This partly contrasts with earlier 

findings on subjective sleep measures.31 No other 

study addressed objective sleep measure before, 

so comparisons can only partly be made. The 

method of actigraphy is limited as compared to 

more elaborate polysomnographic measures as 

were employed by Jalali et al96 and described 

below (section 4.6.7).  

Michaud et al also studied the association between 

wind turbine sound level and objective stress 

indicators (cortisol, heart rate) and perceived 

stress (PPS index).84 The several stress indicators 

were weakly associated with each other, but 

analysis showed no significant association 

between exposure to wind turbine sound levels 

(up to 46 dBA) and self-reported or objective 

measures of stress. McCunney et al56 also did not 

find a significant association and the explanation 

was that sound levels from wind turbines do not 

reach levels to cause such direct effects. Bakker et 

al did find an association between sound level and 
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psychological distress, but the actual association 

was shown to be between noise annoyance and 

distress.73  

Finally, the role of personal and situational 

aspects was studied using the Health Canada 

data.20 Fear and concern about the potential harm 

of wind turbines showed to be an important 

predictor of annoyance as has been reported 

earlier for other noise sources.45,105-107 Noise 

sensitivity was also a strong and independent 

predictor of annoyance. Having to close the 

window in order to guarantee an undisturbed sleep 

had by far the strongest influence on annoyance. 

This could be a reason that no relation between 

wind turbine sound level and sleep disturbance 

was found: if persons disturbed at night by wind 

turbine sound would close their bedroom window, 

the result could be that they are less disturbed at 

night, although they could be annoyed because 

they had to close the window. The results do not 

directly support or negate this explanation. 

However, those closing their bedroom windows 

were eight times more likely to be annoyed. 

Elsewhere it is mentioned that at higher wind 

turbine sound levels people more often reported 

wind turbines as a reason for closing the bedroom 

window.82 

Personal benefit from wind turbines was 

associated with reduced annoyance, in a 

significant but modest way as was found by 

others.29 Length of exposure seemed to be an 

important situational factor and led up to 4 times 

higher levels of annoyance for people living more 

than one year in the vicinity of a wind turbine, 

indication a sensitization to the sound rather than 

adaptation or habituation as is often assumed. The 

Canadian results show that the moderate effect of 

wind turbine sound level on annoyance and the 

range of (other) factors that predict the level of 

annoyance implies that efforts aimed at mitigating 

the community response to wind turbine sound 

will profit from considering other factors 

associated with annoyance. 

 4.6.3 Japan study 

Kageyama et al report on a field study in Japan 

with structured face to face interviews at 34 study 

sites (with wind turbines) and 16 control sites (no 

turbines).37 Wind turbine sound levels were 

estimated based on previous measurements at 

some sites and expressed as average sound levels 

(LAeq). Outcomes studied were sleep deprivation, 

sleep disturbance, and physical and mental health 

symptoms. Analysis showed a significant 

association between sound levels above 40 dB and 

sleeping problems (insomnia). Self-reported noise 

sensitivity and visual annoyance with wind 

turbines were independently associated with 

insomnia.  

These findings are in contrast with those reported 

by Michaud et al83 who did not observe an 

immediate association between sound exposure 

levels and subjective and objective indicators for 

sleep. The earlier findings of Bakker et al 

regarding subjective sleep indicators showed that 

sleep disturbance seemed to be related to sound 

level only when no others factors were included.73 

When annoyance with wind turbine sound was 

included, then sleep disturbance was related to 

that annoyance and not anymore to sound level. 

Earlier, Pedersen and Persson Waye also 

concluded on an association between annoyance 

and sleep disturbance rather than a direct effect 

with sound levels.31 

In the Japanese study poor subjective health was 

not related to wind turbine sound level, but again 

noise sensitivity and visual annoyance were 

significant predictors for the effects studied. Both 

noise sensitivity and visual annoyance seem to be 

indicators of a certain vulnerability to 

environmental stimuli or changes in 

environmental factors. 

In a later publication from the Japanese study it 

was found that within 860 m from a wind farm 

10% of the residents were annoyed by shadow 

flicker while within 780 m 10% of the residents 

were highly annoyed by wind turbine noise.108 

The authors concluded that a minimum (or 

‘setback’) distance between residences and wind 

farms should be considered from an aural and 

visual point of view. 

4.6.4 Other field studies 

In the period between January 2015 and February 

2017 two smaller studies have been reported from 

Denmark88 and Iran87. Starting with the first, a 

survey was held among 454 citizens living in rural 

areas at varying distances to wind turbine farms 

with a varying numbers of wind turbines. The 

study included idiopathic symptoms (i.e. not 

related to a specific disease) as effects and 

distance to the wind farm and the number of 

turbines as a measure of exposure. An association 

of distance with fatigue, headaches and 

concentration problems all disappeared after 

adjustment for exposure to sound and odour from 

other sources.  
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The Iranian study of Abassi et al did not include 

residents, but 53 workers divided in three groups 

with repairing, security and administration tasks.87 

The exposure to wind turbine sound of employees 

in each job group was measured as an eight-hour 

equivalent sound level as is usual in working 

conditions. Outcome measures included 

annoyance, sleep, psychological distress and 

health complaints. Noise sensitivity, age, job 

stress and shift work were accounted for. 

Annoyance was associated with measured sound 

levels but lower than found in residential studies. 

The other health outcomes did not show a 

significant association. It is not clear how this 

relates to residential conditions as the situations 

are quite different and different factors are 

involved. 

More recently, at the Wind Turbine Noise 

conference in May 2017, the first results were 

published of a new British study that was held 

near wind turbines in densely populated, suburban 

areas.109 In this study part of the participants 

received a questionnaire that included explicit 

questions on the impacts of the local wind 

turbines on well-being, and the remaining part 

received a variant with no such questions. When 

including all participants, there was less 

annoyance from wind turbine noise in this study 

compared to what was found in the earlier 

(Swedish, Dutch, Polish and Canadian) studies in 

rural areas. For the first group (with questions 

concerning local wind turbines) the noise levels 

were not significantly related to health problems 

and this group reported less health problems and 

better general health; this was opposite to the 

relationship found in the other, variant group. 

4.6.5 Laboratory studies 

In the period 2015-2017 several laboratory studies 

have addressed the effects of wind turbine sound 

on annoyance. In a listening test among 60 people, 

after a pilot with 12 people, Schäffer et al93 found 

an association between wind turbine sound and 

annoyance, but the annoyance levels were lower 

than those reported by Janssen et al63 and Michaud 

et al20. Attitude towards wind turbines as well as 

noise sensitivity were important confounders, and 

finally the frequency seemed to play an important 

role.  

The relative contribution of the typical 

characteristics of wind turbine sound, and 

especially the rhythmic character or amplitude 

modulation (AM) was studied in several 

experiments.  

Ionannidou et al report on a study among 19 

volunteers in which the effect of changes over 

time in the amplitude modulation of wind turbine 

sound on annoyance was investigated.91 The 

changes could either be the frequency of the 

modulation, the depth (or strength) of the 

modulation, or a change in depth over time. The 

study confirms earlier results that AM leads to a 

higher annoyance rating. A higher modulation 

frequency (from 0.5 to 2 Hz) also resulted in a 

higher rating, but the effect was not significant. 

There was also a higher annoyance rating when 

the modulation depth increased intermittently, but 

again this was not significant. Because of the 

limited statistical power of this test (because of 

the low number of participants and the limited 

time), it was recommended to investigate the 

variations in AM for a longer period and in a field 

setting.  

A study from Hafke-Dys et al among 21 

volunteers again concerned the effect of amplitude 

modulation on annoyance.90 In this study sounds 

with several modulation conditions were used. 

The test sounds used were 1) sound from moving 

cars, passing at a rate of 1 to 4 per second; 2) 

broadband sound with the same spectrum as wind 

turbines and 3) narrowband sound that could be 

modulated at 1, 2 and 4 Hz. All three types of 

sound had modulation depths typical for wind 

turbines at 3, 6 and 9 dB similar to Van 

Renterghem et al81, or zero (no modulation). 

Results showed that AM did increase annoyance 

in the case of broadband sound and passing cars, 

but not for the narrow band sound. The modulated 

sound was more annoying with increasing 

modulation frequency, in agreement with an 

expected highest sensitivity for modulated sounds 

at 4 Hz. Modern wind turbines modulate their 

sound at a frequency close to 1 Hz. The effect of 

AM on annoyance was less for the broadband 

sound than for passing cars. The main difference 

between these two sounds was the spectral 

content, with the broadband sound having less low 

frequency sound than the passing cars. The 

authors conclude that this result supports the 

Japanese study14 in which it was demonstrated 

“that low frequency components are not the most 

significant problem when it comes to the 

annoyance perception of wind turbine noise”. 

Yoon et al studied the reaction to modulation of 

wind turbine sound in 12 people.72 Findings show 

again that there is an association between AM and 

level of annoyance. The authors conclude that 

there is a strong possibility that amplitude 
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modulation is the main cause of two typical 

properties of wind turbine sound: that it is easily 

detectable and highly annoying at relatively lower 

sound levels than other noise sources. They add 

that this does not mean that these properties can 

be fully explained by the amplitude modulation.  

Maffei et al studied 40 people subdivided in a 

group familiar for a long time with wind turbine 

sound versus a group not familiar with wind 

turbine sound.92 The study comprised a listening 

test to sound recorded at a wind farm of 34 wind 

turbines including background sound (wind in 

vegetation), or only background sound. Sound 

recordings of about 5 minutes duration were made 

at five distances (150 up to 1500 m) from the 

wind farm. For each distance 65 soundtracks were 

used and characterized in terms of sound level and 

the main psychoacoustical indexes (loudness, 

fluctuation strength, sharpness, tonality and 

roughness). The aim was to detect wind turbine 

sound at varying distances. For both groups of 

participants, familiar and unfamiliar, there was no 

difference in recognition of wind turbine sound at 

distances of 300 m or less and detection was 

easiest at distances up to 250 m. At 1500 m those 

familiar with wind turbine sound could detect the 

sound better, but they also reported more often 

‘false alarms’. Noise sensitivity was an important 

factor.  

In two studies the role of expectations was 

investigated. Crichton et al89 studied 60 volunteers 

at exposure levels up to 43 dBA (the New Zealand 

standard limit) in combination with infrasound (9 

Hz, 50 dB). In one group the participants were 

shown a video about the health risk of wind 

turbine infrasound, in the second group a video on 

health benefits was shown. An effect on 

annoyance was found only in the group expecting 

to be negatively affected and in this group noise 

sensitivity increased the likelihood of being 

annoyed. In the group expecting a positive effect 

there was far less annoyance and almost no 

influence from noise sensitivity.  

Tonin et al94 studied 72 volunteers in a laboratory 

setting for a double-blind test similar to that of 

Crichton et al89 but used infrasound at a higher 

level (91 dB). Before the listening test, 

participants were influenced to a high expectancy 

of negative effects from infrasound with a video 

of a wind farm affected couple, or a low 

expectancy of negative effects with a video of an 

academic explaining why infrasound is not a 

problem. Then normal wind turbine sound was 

presented via a headset to all participants with the 

inclusion of the infrasound or no infrasound for a 

period of 23 minutes. The infrasound had no 

statistically significant effect on the symptoms 

reported by participants, but the concern they had 

about the effect of infrasound had a statistically 

significant influence on the symptoms reported. 

4.6.6 Other studies 

Jalali et al report on a prospective cohort (i.e. 

before - after) study with 43 participants who 

completed a questionnaire in spring 2014 and 

again a year later.95 Exposure to a wind farm was 

only measured in terms of distance. Residents 

who were annoyed by the sound or sight of 

turbines, or who had a negative attitude towards 

them or were concerned about property 

devaluation, after one year experienced lower 

mental health and quality of life, and reported 

more symptoms than residents who were not 

annoyed and had positive attitudes toward 

turbines. The response rate for this study was low 

(only 22%) and 12 people (of 43 that’s is 

approximately 25%) were not in the second round. 

Another weak point is the lack of a control group.  

By the same authors, sleep disturbance was 

measured in a group of 16 people for 2 

consecutive nights.96 A polysomnographic method 

was used, including a range of sleep and 

physiological parameters such as sleep onset, 

duration, movement during sleep, awakening, 

EEG activity, etc. Sound measurements over the 

whole frequency range (0.5 to 20.000 Hz) were 

performed in the bedroom as well as outdoors, 

while accounting for weather conditions, wind 

speed and temperature. Factors that were taken 

into account were attitude, sensitivity, visibility, 

distance within 1000 meters and windows open 

versus closed. Results showed no major changes 

in the sleep of participants who had new wind 

turbines in their community. There were no 

significant changes in the average indoor (31 

dBA) and outdoor sound levels (40-45 dBA 

before, 38-42 dBA after) before and after the wind 

turbines became operational. None of the 

participants reported waking up to close their 

windows because of the outside noise. The lack of 

an effect might be explained by the limited 

measurements (two nights) or the low indoor 

noise levels that almost equalled the threshold 

value for sleep disturbance of 30 dBA.  

In a third paper Jalali et al report on the 

association between measured wind turbine sound 

levels and subjective sleep quality as measured 
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with the Pittsburgh sleep quality index.97 Results 

show only an indirect association with attitude 

towards the wind turbines, concern about reduced 

housing values and the visibility of the turbine 

from the properties. The results confirm the strong 

psychological component and individual 

differences where it concerns sleep disturbance 

from wind turbine sound.  

Against the background of the increasing number 

of wind farms in Germany, Krekel et al (2016) 

investigated the effect of the presence of wind 

turbines on residential well-being.98  This was 

done by combining household data from the 

German Socio-Economic Panel with a dataset on 

more than 20.000 wind turbines for the time 

period between 2000 and 2012. The key effect 

studied was life satisfaction. Results showed that 

the construction of one or more wind turbines in 

the neighbourhood of households had a significant 

negative effect on life satisfaction. This effect was 

limited both in distance and time. 

Botterill and Cockfield99 studied the discourse 

about wind turbines in submissions to public 

inquiries and in a small number of detailed 

interviews, and topics addressed in the discourse. 

Health and property values were found to be the 

most prominent topics discussed with regards to 

wind turbines (and aesthetics/landscape arguments 

less often) but in interviews were never 

mentioned.  

4.7 Individual cases  

Apart from the limited epidemiological studies 

concerning the health effects of wind turbine 

sound, personal narratives and case reports can 

enhance our insight of (sound from) wind 

turbines. The nuance and personal differences 

often drown in the statistics. Also in surveys an 

effect can be missed because it was not included 

in the questionnaire or the effect is so rare that it 

disappears. 

In the literature a few examples have been found 

where individual cases (‘case studies’) were 

analysed in a systematic manner (e.g. 18,110,111). 

People who object to this method often state that 

only negative cases are presented. On the other 

hand, such an analysis can add to our 

understanding what exactly has triggered and 

maintained negative reactions. According to some, 

the extent, consistency and uniformity of 

symptoms described in case studies can be 

considered as preliminary epidemiological 

evidence for an association between wind turbine 

sound and sleep disturbance or other health 

effects.111 

Based on the case studies the following set of 

indicators is mentioned more often:  

1. Distance to the turbine; 

2. Character of the wind turbine sound; 

3. The way residents were treated during the 

planning and construction process; 

4. Health problems; 

5. Sleep issues and accompanying problems.  

4.7.1 Summary of three cases from the USA 

The three cases described first are from Philips.111 

The first case concerns a man with three children. 

The wind turbines were placed one by one in the 

course of time and the closest turbine is within 

330 m from the dwelling. He describes the turbine 

sound as loud and comparable with aircraft 

sound.” It is a ‘woosh’ sound and it creaks, grinds 

and bangs”. The sound is all around us and it goes 

in all directions. It resembles an angry thing above 

you which does not allow for any tranquillity. The 

noise prevents you from thinking and the body is 

not capable to adapt to it”. His children suffer 

from sleep problems and have consequential 

problems at school. Eventually the family moved 

and the home was not saleable.  

The second case concerns a woman and her son. 

Within 3 km from her dwelling 16 turbines were 

placed, the nearest one at 400 meters. She 

describes the sound as continuous with daily 

fluctuations. There is no way to escape from the 

sound. In particular the shadows and flickers 

through the window are irritating and she has 

developed a hypersensitivity to motion (e.g. the 

ventilator on the ceiling). Also, she developed 

tinnitus and a pulsating feeling in neck and chest. 

Other complaints are nausea, vertigo, hearing loss, 

itchy eyes, high blood pressure, memory 

problems, headaches, palpitations, painful joints 

and sleeping problems: a sleep test showed 214 

“disturbances” in six hours. The housing values in 

the area have dropped considerably and the 

woman often resorts to friends where they 

immediately fall asleep. She indicates to be angry 

and feels powerless and she is very disappointed 

and feels badly understood by the government.  

The third case is a man who lives within 500 

meter from a wind turbine. He experiences 

reduced quality of life. His complaints are fear, 

nervousness sleep problems, hypertension, 

tension, migraine, vertigo, bad vision, palpitation, 

anger, stomach problems and depression. He 
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indicates that it is not about loudness but rather 

about the typical characteristics of wind turbine 

sound: It settles in “your head” and you wait for it 

when it is not there. He indicates that it is not 

possible anymore to sit in the garden and he uses 

the term ‘turbine torture’. After being away for a 

month the complaints were gone but started again 

when he returned. The number of buyers of 

dwellings in the area have reduced with 50%.  

4.7.2 A case from the Netherlands 

In the Netherlands, comparable reactions have 

been reported as is shown on the online complaint 

site (windmolenklachten.nl) and other sites. One 

example is:52  

“A few years the wind turbine is there, a gigantic 

wind turbine just behind our house. As an 

advocate of sustainable energy I originally have 

tried to take a positive stand but this has gradually 

disappeared and changed into a true dislike in the 

sick making monster. With certain directions of 

the wind with a force of 4 to 5 it sounds as if a 

whole range of military aircrafts take off from our 

garden. No sleep and the annoyance is getting at 

you. We cannot take more of this, it is subsidized 

terror. Time for action.” 

4.7.3 Analysis of non-selected perceptions in 

Sweden  

In a Swedish study by Pedersen et al18 15 

interviews were held with people selected from a 

group of residents with varying levels of 

annoyance due to wind turbine sound. The 

information from these interviews has been 

systematically analysed. The interviewees 

described the wind turbines as intrusive and as 

disturbing their privacy. This was primarily 

related to the idea that the sound and visual 

aspects did not match their living environment. 

Also, it was judged as important that the 

authorities did not take them seriously and they 

felt treated in an unfair manner. The lack of 

control and a voice created a feeling of being 

powerless. Several strategies were used, with 

varying results, to cope with this such as filing a 

complaint, covering the verandas and trying to 

ignore the sound  

 

6. HEALTH EFFECTS SPECIFIC 

for LOW FREQUENCY SOUND 

and INFRASOUND 

In the non-scientific literature, which can be found 

on the internet, a range of health effects are 

attributed to the presence of wind turbines. 

Infrasound is described as an important cause of 

these effects, also when the (infra)sound levels 

must be very low or are unknown. In this chapter 

the question is whether infrasound or low 

frequency sound deserves special consideration 

with respect to the effects of wind turbine sound. 

There is some discrepancy when comparing 

conclusions from the majority of scientific 

publications to conclusions in popular 

publications. Also, some scientific publications 

suggest possible impacts that are not generally 

supported.  

First, we will consider the audibility of infrasound 

and low frequency sound, then possible health 

effects not involving audibility.  

5.1 Audibility of infrasound and low 

frequency sound 

Audible low frequency sound is all around us, e.g. 

in road and air traffic. Audible infrasound is less 

ubiquitous, but can be heard from big machines 

and storms. In most publications on wind turbine 

sound there is agreement that infrasound and low 

frequency sound are present in wind turbine 

sound. Generally, it is acknowledged that 

infrasound is inaudible as infrasound levels are 

low with respect to human sensitivity (e.g. 
12,19,112,113).  

Even close to a wind turbine, most authors argue 

that infrasound is not a problem with modern 

wind turbines. This can be shown from 

measurement results at 10 and 20 Hz. At the 

(infrasound) frequency of 10 Hz the A-weighted 

sound power level is typically 60 dB lower than 

the total sound level in dBA.16 At a receiver with a 

total sound level of 45 dBA this means that the 10 

Hz sound level is about minus 15 dBA or, in 

physical terms (not A-weighted), 55 dB. This is 

far below the hearing threshold at that frequency, 

which for normal-hearing persons is about 95 dB. 

A sound of 55 dB at 10 Hz would also be 

inaudible for the few persons that have been 

reported with a much lower hearing threshold 

(close to 80 dB)12. At 20 Hz, the upper frequency 

limit of infrasound, the result, again at a receiver 
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total sound level of 45 dBA, would be a physical 

level of wind turbine sound of 50-55 dB which is 

much lower than the normal hearing threshold at 

that frequency of 80 dB.  

As part of a Japanese study on wind turbine low 

frequency sound, persons in a laboratory were 

subjected to wind turbine sound where very low 

frequencies were filtered out over different 

frequency ranges.14 When infrasound frequencies 

were filtered out, the study persons did not note 

different sensations. Above about 30 Hz they 

began to notice a difference between the filtered 

and original sound.  

Leventhall states that the human body produces 

infrasound internally (through blood flow, 

heartbeat and breathing, etc.) and this masks 

infrasound from outside sources when this sound 

is below the hearing threshold.114 

In contrast to infrasound, there is general 

agreement that low frequency sound is part of the 

audible sound of wind turbines and therefore 

contributes to the effects caused by wind turbine 

sound. The loudest part of the sound as radiated 

by a turbine is in the mid-frequency range (250-

1600 Hz)16,17. This shifts to lower frequencies 

when the sound travels through the atmosphere 

and enters a building because absorption by the 

atmosphere and a building façade reduces low 

frequencies less than higher frequencies. 

However, studying the effects of the low 

frequencies separately from the higher frequencies 

is not easy as both frequency ranges automatically 

go together: wind turbines all have very much the 

same sound composition. In a Canadian study on 

wind turbines the sound levels at the facades of 

dwellings were calculated both as A- and C-

weighted sound levels, but this proved not to be 

an advantage as the two were so closely linked 

that there was no added value in using both.100 A 

limit in A-weighted decibels (where the A-

weighting mimics human hearing at moderate 

sound levels) thus automatically limits the low 

frequency part of the sound.112 However, this may 

not be true when the character of wind turbine 

sound changes because of noise reduction 

measures.  

Bolin et al115 calculated and compared wind 

turbine and road traffic sound over a broad 

frequency range (0-2000 Hz) at sound levels 

considered acceptable in planning guidelines (40 

dB LAeq for wind turbine sound and 55 dB LAeq for 

road traffic sound). Compared to road traffic 

sound, wind turbine sound had lower levels at low 

frequencies. Thus, at levels often found in urban 

residential areas, low frequency sound from wind 

turbines is less loud than from road traffic sound. 

Recent measurements in dwellings and residential 

areas show that similar levels of infrasound occur, 

when comparing wind turbine sound with sound 

from traffic or household appliances.116  

5.2 Effect of lower frequencies  

McCunney et al mention that both infrasound and 

low frequency sound have been suggested to pose 

possibly unique health hazards associated with 

wind turbine operations.56 From their review of 

the literature, including results from field 

measurements of wind turbine sound and 

experimental studies in which people have been 

purposely exposed to infrasound, they conclude 

that there is no scientific evidence to support the 

hypothesis that wind turbine infrasound and low 

frequency sound has effects that other sources do 

not have.  

5.3 Subaudible effects 

The term ‘subaudible’ means that the level of a 

sound is below the hearing threshold and thus 

below the level it can be audible. Usually the 

‘normal’ threshold (hearing threshold of young 

adults without hearing problems, according to the 

international standard ISO 326) is used. The 

normal threshold is the hearing threshold 

separating the 50% best hearing from the 50% that 

hear less well. There is variation between 

individuals, but for an individual often the normal 

hearing threshold is taken as an indication, though 

for that person of course the individual hearing 

threshold is relevant.  

Several authors have linked infrasound and low 

frequency sound from wind turbines to health 

effects experienced by residents, assuming that 

infrasound can have physiological effects at levels 

below the (normal) hearing threshold.110,117,118 

This was supported by Salt and Kaltenbach119 who 

argued that normal hearing is the result of inner 

hair cells in the inner ear producing electric 

signals to the brain in response to sound received 

by the ear. However, infrasound and low 

frequency sound (up to 100 Hz) can also lead to 

signals from the Outer Hair Cells (OHC) and the 

threshold for this is lower than for the inner hair 

cells. This means that inaudible levels of 

infrasound and low frequency sound can still 

evoke a response.119 The OHC threshold is 60 dB 

at 10 Hz and 48 dB at 20 Hz. Comparing this to 
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actual sound levels (see second paragraph of 

section 5.1) shows that infrasound levels from 

wind turbines could just exceed this OHC 

threshold when their total outdoor sound level is 

45 dBA. It is unlikely that the OHC threshold can 

be exceeded indoors, where levels are lower, 

except at a high sound level that may occur very 

close to a wind turbine. Salt and Kaltenbach 

conclude from this that it is ‘scientifically 

possible’ that infrasound from wind turbines thus 

could affect people living nearby.119 However, it 

is not clear to what reactions these signals would 

lead or if they could be detrimental when just 

exceeding the OHC threshold. If such inaudible 

sound could have effects, it is not clear why this 

has never been observed with everyday sources 

(other than wind turbines) that produce infrasound 

and low frequency sound such as road and air 

traffic. Or with physiological sounds from heart 

beat, blood flow, etc. However, high infrasound 

levels may be inaudible but can add energy to the 

rhythmic ‘normal’ sound of a wind turbine and 

thus make vibrations perhaps more likely (see 

section 5.5).  

Farboud et al120 conclude that physiological 

effects from infrasound and low frequency sound 

need to be better understood; it is impossible to 

state conclusively that exposure to wind turbine 

sound does not cause the symptoms described by 

authors such as Salt and Hullar or Pierpont.  

Leventhall114 argues that infrasound at low level is 

not known to have an effect. Normal pressure 

variations inside the body (from heart beat and 

breathing) cause infrasound levels in the inner ear 

that are greater than the levels from wind turbines. 

From exposure to high levels of infrasound, such 

as in rocket launches and associated laboratory 

studies or from natural infrasound sources, there is 

no evidence that infrasound at levels of 120 – 130 

dB causes physical damage to humans, although 

the exposure may be unpleasant.114  

Stead et al come to a similar conclusion when 

considering the regular pressure changes at the ear 

when a person is walking at a steady pace.121 The 

up and down movement of the head implies a 

slight change in atmospheric pressure that 

corresponds to pressure ‘sound’ levels in the order 

of 75 dB. The pressure changes in the rhythm of 

the walking frequency are similar in frequency 

(close to 1 Hz) and level to the pressure changes 

from infrasound at rotation frequencies measured 

at houses near wind farms. 

5.4 Vestibular effects 

According to Pierpont the (infra)sound of wind 

turbines can cause Visceral Vibratory Vestibular 

Disease (VVVD), affecting the vestibular system 

from which we derive our sense of balance.110 She 

characterized this new disease with the following 

symptoms: “a feeling of internal pulsation, 

quivering or jitteriness, and it is accompanied by 

nervousness, anxiety, fear, a compulsion to flee or 

check the environment for safety, nausea, chest 

tightness, and tachycardia”, stating that infrasound 

and low frequency sound were causing this ‘wind 

turbine syndrome’.110 Pierpont’s research was 

based on complaints from 38 people from 10 

families who lived within 300-1500 meter from 

one or more turbines in the USA or Great Britain, 

Italy, Ireland and Canada. In several publications 

(e.g. 56,59) it was pointed out that Pierpont’s 

selection procedure was to find people who suffer 

the most, and it was not made clear that it was 

indeed the presence of the wind turbine(s) that 

caused these symptoms. Although the complaints 

may be genuine, it is possible that very sensitive 

people were selected and/or media coverage had 

lead to physical symptoms attributed to 

environmental exposures as has been 

demonstrated for wind turbines42 and other 

environmental exposures122. Van den Berg noted 

that the symptoms of VVVD are mentioned in the 

Diagnostic and Statistical Manual of Mental 

Disorders (DSM) as stress symptoms in three 

disorders: an adjustment disorder, a panic disorder 

and a generalized anxiety disorder.76 The Wind 

Turbine Syndrome or VVVD may thus not be a 

new phenomenon, but an expression of stress that 

people have and which could have a relation to 

their concern or annoyance with respect to a 

(planned) wind farm.  

In his examination of the Wind Turbine Syndrome 

Harrison argued that at a level of 40–50 dBA no 

component of wind turbine sound approaches 

levels high enough to activate the vestibular 

system.60 The threshold for this is about 110 dB 

for people without hearing ailments. In people 

with a hearing ailment, particularly the ‘superior 

(semi-circular) canal dehiscence syndrome’ 

(SCDS), this threshold is lower and can be 85 dB. 

Such levels are only reported very close to wind 

turbines. Reports show that 1 to 5% of the adult 

population may have (possibly undiagnosed) 

SCDS.  

Schomer et al studied residents of three homes 

who generally did not hear the wind turbines in 
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their area, but they did report symptoms 

comparable to motion sickness.123 Schomer et al 

suggest that this could result from sound affecting 

the vestibular sensory cells and in their opinion 

wind turbine infrasound could generate a pressure 

that they compare with an acceleration exceeding 

the U.S. Navy's criteria for motion sickness. This 

has been investigated by Nussbaum and Reinis 

much earlier (1985).124 They exposed sixty 

subjects to a tone of 8 Hz and 130 dB with high 

distortion (high level harmonics at multiples of 8 

Hz) or low distortion (harmonics at lower level). 

Dizziness and nausea were primarily associated 

with the low distortion exposure, i.e. a relatively 

high infrasound content. In contrast, headache and 

fatigue was primarily associated with the high 

distortion exposure, with a relatively low 

infrasound content. Nussbaum and Reinis 

hypothesized that the effects of the purer 

infrasound could be explained as acoustically 

induced motion sickness. However, this was 

concluded from exposure levels (130 dB) much 

higher than wind turbines can cause.  

5.4 Vibroacoustic Disease 

According to Alves-Pereira and Castelo Branco 

the infrasound and low frequency sound of a wind 

turbine can cause Vibroacoustic Disease (VAD), 

an affliction identified by a thickening of the 

mitral valve (one of the valves in the heart) and 

the pericardium (a sac containing the heart).117 

The most important data regarding VAD are 

derived from a study among aircraft technicians 

who were professionally exposed to high levels of 

low frequency sound. VAD is controversial as a 

syndrome or disease. Results of animal studies 

have only been obtained in studies using low 

frequency sound levels which are found in 

industrial settings. No studies are known that use 

a properly selected control group. And finally the 

way the disease was diagnosed has been criticized 

because of a lack of precision.125 

After investigating a family with wind turbines 

between 322 and 642 m from their dwelling, 

Castelo Branco et al concluded that VAD 

occurred and was caused by low frequency 

sound.126 The measured sound levels were 

substantially lower (20 dB or more) than levels at 

which VAD was thought to occur by Marciniak et 

al127 and the spectral levels were below the normal 

hearing threshold for a considerable range of 

frequencies in the low frequency range. In their 

review of evidence on VAD Chapman and St 

George concluded that in the scientific community 

VAD was only supported by the group who 

coined the term and there is no evidence that 

vibroacoustic disease is associated with or caused 

by wind turbines.128 

5.5 Vibrations due to sound 

In measurements at three dwellings Cooper found 

surges in ground vibration near wind turbines that 

were associated with wind gusts, outside as well 

as inside one of the three houses.129 Vibration 

levels were weak (less than from people moving 

around), but measurable. According to Cooper 

two residents were clearly more sensitive than the 

other four; the sensations experienced by the 

residents seemed to be more related to a reaction 

to the operation of the wind turbines than to the 

sound or vibration of the wind turbines. This 

echoes earlier findings from Kelley et al who 

investigated complaints, from two residences, that 

were thought to be associated with strong low 

frequency sound pulses from the experimental 

downwind MOD-1 wind turbine.130 The low 

frequency sound pulses were generated when a 

turbine blade passed the wind wake behind the 

mast. The residents perceived ‘audible and other 

sensations, including vibration and sensed 

pressure changes’. Although the wind turbine 

sound at frequencies below about 30 Hz was 

below the average hearing threshold, this sound 

was believed to be causing the annoyance 

complaints. The sound levels were within a range 

of sound levels and frequencies given by Hubbard 

for situations where (subaudible) industrial sound 

within this range was believed to be the source of 

the complaints. This could be explained by the 

response of a building to the sound outside, 

causing structure borne sound, standing waves 

and resonances due to the configuration of a room, 

closet and/or hallway. The rhythmic character of 

wind turbine sound could have an added effect 

because of the periodic pressure pulses; if these 

coincide with a structural resonance of the 

building the indoor level can be higher than 

expected from just reduction by the façade. These 

structural vibrations can lead to sound at higher 

frequencies which are audible. Several authors 

have pointed out that the rhythmic character itself 

(technically: Amplitude Modulation) is more 

relevant to human perception than low frequency 

or infrasound (see What makes wind turbine 

sound so annoying? in section 4.2 above). 

However, the appreciation of the sound may 

depend on a combination of the frequency and 

strength of the modulation and the balance of low 

and higher frequency components.131  
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7. CONCLUSIONS  

Available scientific research does not provide a 

definite answer to the question whether wind 

turbine sound can cause health effects which are 

different from those of other sound sources. 

However, wind turbines do stand out because of 

their rhythmic character, both visually and aurally.  

6.1 A graphic summary of the 

reaction to (planned) wind turbines. 

There are many models or schemes that show how 

people react to noise. However, much of the 

public debate about wind turbines and noise is at a 

stage when wind turbines have not been erected 

yet. Michaud et al proposed a model that 

incorporated the influence of (media) information 

and expectations.84 In figure 3 we present a 

simplified model based on the one from Michaud 

et al. The model shows that plans for wind 

turbines or actual wind turbines can lead to 

disturbances and concern, but a number of factors 

can influence the effect of the (planned) turbines 

(see the ‘Michaud model’ for these factors). The 

personal factors include attitude, expectations, 

noise sensitivity and many more. Situational 

factors include other possible impacts such as 

visibility or shadow flicker, other sound sources, 

type of area and others. Contextual factors include 

participation, the decision making process, the 

siting procedure, procedural justice and others.  

6.2 Conclusions from chapter 3 

Next to noise, several other features are relevant 

for residents living in the vicinity of wind 

turbines. These include physical and personal 

aspects, and the particular circumstances around 

decision making and siting of a wind farm as well 

as communication and the relation between 

different people involved in the process.  

Visual aspects play a key role in reactions to wind 

turbines and include the (mis-) match with the 

landscape, shadow casting and blinking lights.  

Shadow casting from wind turbines can be 

annoying for people and also the movement of the 

rotor blades themselves can be experienced as 

disturbing.  

Light flicker from the blades, vibrations and 

electromagnetic fields play a minor role in modern 

turbines as far as the effect on residents is 

concerned. 

People who benefit from and/or have a positive 

attitude towards wind turbines in their 

environment in general report less annoyance.  

People who perceive wind turbines as intruding 

into their privacy and detrimental to the quality of 

their living environment in general report more 

annoyance.  

Perceived (procedural) injustice has been found to 

be related with the feeling of intrusion and lack of 

control/helplessness. 

Most studies confirm the role of noise sensitivity 

in the reaction to wind turbines, independent of 

the sound level or sound characteristics. 

Attitude and media coverage are just a few 

elements of the complex process which plays a 

role in decision making for siting wind turbines. 

Most recent studies conclude that social 

acceptance of wind projects is highly dependent 

on a fair planning process and local involvement. 

6.3 Conclusions from chapter 4 

Noise annoyance is the main health effect 

associated with the exposure to noise from an 

operational wind turbine. 

From epidemiological studies, experiments and 

individual narratives the typical character of wind 

turbine sound comes forward as one of the key 

issues. 

Figure 3: a model for the relation between the exposure to (information about) wind turbines 

and the individual reaction 
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At equal sound levels, sound from wind turbines 

is experienced as more annoying than that of road 

or rail traffic or industrial sources. Residential 

wind turbine sound levels themselves are modest 

when compared to those from other sources such 

as road or industrial noise. 

Especially the rhythmic character of the sound 

(technically: Amplitude Modulation or AM) is 

experienced as annoying and described as a 

swishing or wooshing sound.  

However, recent laboratory studies are 

inconclusive regarding the effect of amplitude 

modulation on annoyance. One conclusion is that 

“there is a strong possibility that amplitude 

modulation is the main cause of the properties of 

wind turbine noise”. Another dismisses amplitude 

modulation as a negative factor per se because it is 

highly related to attitude. A common factor is that 

AM appears to aggravate existing annoyance, but 

does not lead to annoyance to persons positive 

about or benefiting from wind turbines.  

The general exposure-effect relation for 

annoyance from wind turbine sound includes all 

aspects that influence annoyance and thus 

averages over all local situations. The relation can 

therefore give an indication only of the annoyance 

levels to be expected in a local situation. 

Evidence regarding the effect of night time sound 

exposure on sleep is inconclusive. The current 

results do not allow a definite conclusion 

regarding both subjective and objective sleep 

indicators. However, studies do find a relation 

between self-reported sleep disturbance and 

annoyance from wind turbines.  

For other health effects there is insufficient 

evidence for a direct relation with wind turbine 

sound level. 

Based on noise research in general we can 

conclude that chronic annoyance from wind 

turbines and the feeling that the quality of the 

living environment has deteriorated or will do so 

in the future, can have a negative impact on 

wellbeing and health in people living in the 

vicinity of wind turbines. This is similar to the 

effect of other stressors.  

The moderate effect of the level of wind turbine 

sound on annoyance and the range of factors 

predicting the levels of annoyance implies that 

reducing the impact of wind turbine sound will 

profit from considering other factors associated 

with annoyance. The influence of these factors is 

not necessarily unique for wind turbines. 

6.4 Conclusions from chapter 5 

There is substantial knowledge about the physical 

aspects of low frequency sound. Low frequency 

sound can be heard daily from road and air traffic 

and many other sources.  

Less is known about infrasound and certainly the 

perception of infrasound. Infrasound can 

sometimes be heard, e.g. from big machines and 

storms, but is not as common as low frequency or 

‘normal’ sound. However, with sensitive 

equipment infrasound, as well as vibrations, can 

be measured at large distances.  

Infrasound and low frequency sound are present in 

wind turbine sound. Low frequency sound is 

included in most studies as part of the normal 

sound range. In contrast, infrasound is in most 

studies considered as inaudible as the level of 

infrasound is low with respect to human 

sensitivity. Studies of the perception of wind 

turbine infrasound support this.  

Infrasound and low frequency sound from wind 

turbines have been suggested to pose unique 

health hazards. There is no scientific evidence to 

support this. The levels of infrasound involved are 

comparable to the level of internal body sounds 

and pressure variations at the ear while walking.  

Infrasound from wind turbines is not loud enough 

to influence the sense of balance (i.e. activate the 

vestibular system), except perhaps for persons 

with a specific hearing condition (SCDS).  

Effects such as dizziness and nausea, or motion 

sickness, can be an effect of infrasound, but at 

much higher levels than wind turbines produce in 

residential situations.  

Vibroacoustic disease (VAD) and the wind 

turbine syndrome (WTS) are controversial and 

scientifically not supported. At the present levels 

of wind turbine sound, the alleged occurrence of 

VAD or WTS are unproven and unlikely. 

However, the symptoms associated with WTS are 

comparable to those found in relation to other 

stressors.  

The rhythmic character of wind turbine sound is 

caused by a succession of sound pulses produced 

by the blade rotations. From earlier research it was 

concluded that this may lead to structural 

vibrations of a house and wind turbines thus may 

be perceived indirectly inside a house and hence 

lead to annoyance. This possibility needs further 

investigation. 
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Annex A:  

Strategy literature search 

For this review a systematic literature search was 

performed at three moments in time (2000-2012; 

2012-2015, 2015-2017). Observational as well as 

experimental studies described in the peer review 

literature in the period between 2009 and 2017 

was performed. Language was restricted to 

German, English, French and Dutch. Scopus, 

Medline and Embase (note: only 2015-2017) were 

searched. The search strategy is described below.  

Only studies which mention in the title, abstract or 

summary that the association between the noise of 

wind turbines and reaction, health or wellbeing 

was studied were included. Also studies 

addressing participation during the building 

process were accepted for review. This implied 

that the association between exposure to wind 

turbine (low frequency) noise an annoyance, 

health, wellbeing or activity disturbance in the 

adult population was studied.  

For a first selection the following criteria were 

used: Inclusion: papers address human health 

effects, perception, opinion, concern in relation to 

wind turbines Exclusion: papers address non-

human effects such as ecosystem effects, animals, 

papers about t solely technical aspects of the wind 

turbines, papers regarding health effects of noise 

but not specific for wind turbines. This resulted in 

total in 387 relevant studies.  

The papers for the period from January 2015 to 

February 2017 were grouped in 7 categories: 

review, health effects, case studies, offshore, low 

frequency noise, visual aspects, social and not 

relevant. All reviews and health effects studies 

were included for full paper examination, offshore 

studies were a-priori excluded, papers from the 

other categories were re-considered after reading 

the abstracts.  

Lastly, after full examination of the review and 

health effect papers by the two authors, a final 

decision was made about inclusion in this review. 

As a result 24 new publications were included in 

the report. Just the week prior to submitting this 

review the 7th International Wind Turbine Noise 

Conference was held in Rotterdam. Two relevant 

papers have been mentioned in this review.  

In the context of this report the main results are 

summarized per outcome. For the key studies, the 

study design, outcome etc. are discussed in more 

detail. For this review primarily scientific 

publications are used, both from peer reviewed 

journals and conference proceedings. In some 

cases results are discussed which were described 

in non-scientific (‘grey’) literature. Also some 

publications are mentioned which form the base of 

the debate (discourse) about the risks of living in 

the vicinity of wind turbines.  

As usual all material from the selected literature 

has been read and analysed, but not necessarily 

included as reference, e.g. because the study was 

less relevant than originally thought or in case of 

doubling with other references. (e.g. a conference 

paper and article from same authors/study). 

Search strategy in Scopus, Medline and (only in 

last search) Embase databases: 

1 (wind turbine* or wind farm* or windmill* 

or wind park* or wind power or wind energy).ti. 

(550) 

2 turbine noise*.tw. and wind/ (33) 

3 (power plants/ or energy-generating sources/ 

or electric power supplies/) and wind/ (187) 

4 (low frequency noise* or low frequency 

sound* or infrasound or infrasonic noise* or 

infrasonic sounds or infrasonic frequencies or low 

frequency threshold or (noise* adj4 low 

frequenc*)).ti. (500) 

5 1 or 2 or 3 or 4 (1113) 

6 (wind turbine* or wind farm* or windmill* 

or wind park* or wind power or wind energy).ab. 

(803) 

7 (low frequency noise* or low frequency 

sound* or infrasound or infrasonic noise* or 

infrasonic sounds or infrasonic frequencies or low 

frequency threshold or (noise* adj4 low 

frequenc*)).ab. (1487) 

8 noise*.ti. (26930) 

9 (6 or 7) and 8 (498) 

10 (impact or perception* or perceive* or 

health* or well-being or "quality of life" or 

syndrome*).ti. (1456358) 

11 (annoyance or annoying or annoyed or 

aversion or stress or complaints or distress or 

disturbance or adversely affected or concerns or 

worries or noise problems or noise perception or 
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noise reception or noise sensitivity or (sensitivity 

adj3 noise) or sound pressure level* or sleep 

disturbance* or sleep quality or cognitive 

performance or emotions or anxiet* or 

attitude*).tw. (1260490) 

12 (social barrier* or social acceptance or 

popular opinion* or public resistance or (living 

adj4 vicinity) or (living adj4 proximity) or 

(residing adj4 vicinity) or (residing adj4 

proximity) or living close or "living near" or 

residents or neighbors or neighbours).tw. 

(105942) 

13 (soundscape or landscape or visual 

annoyance or visual interference or visual 

perception or visual impact or visual preferences 

or visual assessment or visual effects or perceptual 

attribute*).tw. (41227) 

14 ((effects adj4 population) or dose-response 

relationship* or exposure-response relationship* 

or dose response or exposure response or human 

response or health effects or health aspects or 

health outcome*).tw. (136924) 

15 (flicker or reflection).ti. (10980) 

16 environmental exposure/ or noise/ae or 

environmental pollution/ae (79725) 

17 loudness perception/ or psychoacoustics/ or 

auditory perception/ or auditory threshold/ or 

sensory thresholds/ or visual perception/ or 

motion perception/ (130572) 

18 sleep disorders/ or emotions/ or anger/ or 

anxienty/ or quality of life/ or epilepsy/ or 

attitude/ or affect/ or pressure/ or esthetics/ or 

social environment/ or risk factors/ (1232239) 

19 (physiopathology or adverse effects).fs. 

(3235762) 

20 (5 or 9) and (10 or 11 or 12 or 13 or 14 or 15 

or 16 or 17 or 18 or 19) (600) 

21 20 and (english or dutch or french or 

german).lg. (509) 

22 21 not (animals/ not humans/) (369) 

23 limit 22 to yr=2014-2017 (129) 

24 limit 23 to ed=20150122-20161228 (81) 

25 limit 23 to yr=2015-2017 (90) 

26 24 or 25 (110) 

27 remove duplicates from 26 (96) 

As the diagram below shows, the literature 

searches yielded 387 publications of which 107 

were relevant for the review and in the end 32 

(+2) are included in the reference list (annex B). 
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ABSTRACT 

New Zealand Standard NZS 6808 provides methods for the prediction, measurement, and assessment of sound from 
wind turbines. The 1998 version was written prior to significant wind farm development in New Zealand, and while 
the basic methodology proved robust, experience and research over the following decade brought to light numerous 
refinements and enhancements which are now addressed in the new 20 IO version. This paper describes the revision 
process, and explores the technical issues addressed and key areas of debate. This was a challenging project, with 
wide ranging views both within the committee and from hundreds of public submissions. 

INTRODUCTION 

Currently there are eleven wind farms operating in New Zea
land with a total capacity of just under 500 MW. These pro
vide up to 5% of the country's electricity. There are active 
proposals for numerous further wind farms, which collec
tively will have many times this capacity. 

Several recent wind farm developments and proposals have 
been highly contentious, with local objections attracting sig
nificant media coverage. Using the old version of NZS 6808 
[I], the consent conditions associated with these projects 
ballooned, as regulators and residents sought tighter controls 
and increasingly more prescriptive measurement and assess
ment procedures. This led to substantial inefficiencies and 
inconsistencies. These matters are now dealt with in the re
vised version of NZS 6808 [2], which once again provides a 
standardised approach for managing wind farm sound in New 
Zealand. 

The original 1998 version of NZS 6808 was based on the 
United Kingdom 1996 ETSU report [3]. There were minor 
adjustments made, which included replacing the 40 descrip
tor with the Lg5, as that was used to describe background 
sound in New Zealand at the time. Also, rather than the dif
ferent daytime and night-time ETSU noise limits, the fixed 
part of the noise limit was set at 40 dB at all times in 
NZS 6808. The 'background +5 dB' variable part of the noise 
limit from the ETSU report was retained in NZS 6808. 

Since its publication, NZS 6808: 1998 was used for all wind 
farms in New Zealand. In the absence of an Australian Stan
dard prior to 2010, NZS 6808 was also adopted in the state of 
Victoria. 

The main thrust of the 2010 revision of NZS 6808 related to 
technical refinements and incremental enhancements. How
ever, probably the most controversial addition to the Standard 
is the provision for a more stringent ' high amenity noise 
limit' where justified by special local circumstances. 

ICA 2010 

PROCESS 

NZS 6808 was first published in 1998. In accordance with 
Standards New Zealand's procedures, it was formally re
viewed in 2004. At that time various potential technical re
finements were identified, but the Standard was still being 
successfully implemented. In practice, most acousticians 
were applying the key changes now included in the 2010 
revision. The decision was made in 2004 not to revise 
NZS 6808 yet. 

By 2007 the Standard was coming under increased pressure, 
with questions being raised over how it should be applied. 
This led the New Zealand Wind Energy Association and the 
Energy Efficiency and Conservation Authority to commis
sion research into the technical issues in question [ 4]. The 
results of this research then triggered another formal review 
of NZS 6808 by Standards New Zealand. 

The review started with a scoping workshop in late 2007, 
where all stakeholders agreed that a full revision of the Stan
dard was appropriate. Standards New Zealand then consti
tuted a technical committee in mid 2008 to conduct the revi
sion. The majority of the committee's work was conducted in 
the second half of 2008. The author chaired this technical 
committee. 

Standards New Zealand forms technical committees by invit
ing organisations that represent relevant stakeholders to 
nominate a technical expert. In this instance, the nominating 
organisations were: 
• Energy Efficiency and Conservation Authority 
• Executive of Community Boards 
• Local Government New Zealand 
• Massey University 
• Ministry for the Environment 
• Ministry of Health 
• New Zealand Acoustical Society 
• New Zealand Institute of Environmental Health Inc. 
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• New Zealand Wind Energy Association 

• Resource Management Law Association 

• University of Auckland 

The only representative without particular technical expertise 

was the representative of the Executive of Community 

Boards. A resident adjacent to a large wind farm was nomi-

nated. That individual had good technical aptitude, and made 

a valuable contribution, providing critical review and ques-

tioning all assumptions. 

Given the strong public interest in the revision, the evidence 

based approach used to make decisions needed to be docu-

mented to a greater degree than normal. The committee ini-

tially split into working groups addressing different issues 

such as noise limits, measurements and predictions. Each 

working group submitted recommendations back to the main 

committee, where they were vigorously debated and tested 

against the evidence. The process was focussed on achieving 

consensus, which requires general agreement, but not una-

nimity. 

A draft of the proposed revision was circulated for public 

comment in early 2009. The draft elicited over 600 public 

submissions, which is unusual for a technical standard, and 

reflects the public criticism of sound from some wind farms 

in New Zealand. The committee made decisions on each 

individual submission and prepared a final draft in mid 2009. 

The last action for a technical committee is a ‘postal ballot’. 

In this instance, several unexpected issues emerged at the 

ballot through a number of negative votes. The draft was 

therefore amended over the following months until consensus 

was reached at the second postal ballot later in 2009. 

There was still one negative vote at the second postal ballot, 

from the representative of Massey University. That individual 

has publicised his views [5], and acknowledges they are con-

trary to most international scientific opinion. The remainder 

of the committee could not reconcile the arguments he ad-

vanced against the Standard, with scientific evidence, or the 

framework for all other noise assessments in New Zealand.  

Due to the negative vote and public sensitivity around this 

Standard, the Standards Council would not issue its final 

approval to publish the revision of NZS 6808 until it was 

demonstrated in detail that Standards New Zealand had fol-

lowed correct procedures, and there were legitimate technical 

reasons not to accept the issues raised by the negative vote. 

This process and editorial matters resulted in publication of 

the new Standard on 1 March 2010, ‘NZS 6808:2010’. 

NOISE LIMITS 

The committee found that the previous wind farm noise limit 

of 40 dB LA95 or background +5 dB is still appropriate, as it 

provides protection from adverse health effects and maintains 

reasonable residential amenity. 

In terms of potential adverse health effects, the committee 

was guided primarily by the internal noise criteria of 

30 dB LAeq given by the World Health Organisation [6]. New 

Zealand experience is that a limit of 40 dB LA90 outside a 

dwelling will result in compliance with this internal limit, 

with windows slightly ajar for ventilation. The background 

+ 5 dB variable part of the noise limit was retained, as the 

potential effect of wind turbine sound reduces as the back-

ground sound increases, and a constant limit of 40 dB LA90 

would be meaningless at higher wind speeds as there would 

be no reliable way of measuring compliance. 

For general environmental noise, NZS 6802 [7] provides a 

guideline night-time noise limit at dwellings of 

45 dB LAeq(15 min). The way the New Zealand planning 

framework operates is that this guidance can be modified as it 

is implemented in each local planning document (‘district 

plan’) throughout the country. However, most plans set night-

time limits of 40 or 45 dB LAeq(15 min), or LA10 in older plans. 

Therefore, the wind farm noise limit is consistent with noise 

limits for, say, industrial or agricultural activities in rural 

areas. 

The committee also made reference to wind farm noise limits 

in other countries, and found that while there is some varia-

tion, the noise limits in NZS 6808 are comparable with the 

majority of countries. 

Several issues arose in public submissions regarding noise 

limits. Many of these submissions, such as requests for a 

buffer zone around wind farms of several kilometres, regard-

less of the wind farm scale or local conditions, were simply 

not compatible with the effects-based approach taken by the 

New Zealand planning system. The benefit of the method in 

NZS 6808 is that it accounts for the actual wind farm layout, 

turbine type, wind conditions, topography and background 

sound, thus providing an effects-based assessment.  

It appears that some of the public submissions were seeking 

inaudibility as a de facto criterion for wind farms, but this is 

not a criterion applied to any other sound source in New Zea-

land. Another theme from submissions was a desire to allow 

for people either sleeping outdoors on their decks or sleeping 

with full height doors/windows left wide open. Night-time 

noise limits for all other sound sources in New Zealand are 

set on the basis of people inside with windows only partially 

open for ventilation. The committee did not find any reason 

for treating wind farms differently to other sound sources in 

rural areas. 

Special audible characteristics 

An area of significant improvement in the 2010 revision is 

the treatment of ‘special audible characteristics’. These are 

distinguishing features of wind farm sound that attract a 5 dB 

penalty if present. In 1998 this was addressed in only a basic 

manner. 

The first enhancement is NZS 6808 now states that, if it is 

known in advance that a special audible characteristic will be 

present at a dwelling, the wind farm should not proceed. The 

penalties are now only to cater for unexpected characteristics 

that arise during or after commissioning. 

Since 1998 a sophisticated test method for tonality has been 

developed and is included in ISO 1996-2 [8]. NZS 6808 now 

simply refers to that Standard. There is an option for a sub-

jective assessment or a simplified assessment, but an objec-

tive assessment using ISO 1996-2 will take precedence. 

Another issue that has emerged internationally since 1998 is 

the possibility of ‘aerodynamic modulation’ [9] of wind farm 

sound. However, it has been observed at very few wind farms 

and none in New Zealand. An interim test method has now 

been provided in NZS 6808 should aerodynamic modulation 

be suspected. Aerodynamic modulation as a special audible 

characteristic will be deemed to exist if the measured A-

weighted peak-to-trough levels exceed 5 dB on a regularly 

varying basis, or if the measured third-octave band peak-to-

trough levels exceed 6 dB on a regular basis in respect of the 

blade pass frequency. It is acknowledged that a more refined 

test may be developed in future. 
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High amenity noise limit 

Generally, when there are low background sound levels at 

dwellings, wind farms are not operating. However, there can 

be dwellings in sheltered valleys which are quiet at times 

when there is still enough wind for a wind farm to be operat-

ing. This concern was raised for a particular project in New 

Zealand, where the local planning document also set a lower 

than normal noise limit for general environmental noise. In 

that case the fixed part of the wind farm noise limit was re-

duced to 35 dB LA95 when those wind conditions occur. To 

detect those wind conditions an extensive and elaborate semi-

permanent sound and wind monitoring system was installed 

at a number of dwellings around the wind farm. When back-

ground sound levels at a dwelling are lower than 25 dB LA95 

and the wind speed at 10 m above ground level is less than 

1.5 m/s, the lower noise limit applies. These controls are 

highly inefficient and relatively expensive to implement. In 

this case, the complexity of the noise limits appears to have 

created additional anxiety for the residents. 

With this precedent of a lower wind farm noise limit, similar 

controls have since been proposed for several other wind 

farms. However, given the justification for the 40 dB LA90 

noise limit described above and the consistency with noise 

limits for other sound sources, it is not obvious why this 

lower limit should be more widespread. 

The committee recognised that there may be some areas in 

New Zealand where acoustics amenity is valued to a greater 

degree than any development. For example, there are a hand-

ful of areas in the country where the general environmental 

noise limit is less than 40 dB. The project for which a re-

duced wind farm noise limit was first imposed was in one of 

those areas. The committee decided that in these cases, where 

a public process had resulted in a local planning document 

providing for increased protection of amenity, it may be ap-

propriate to provide for a ‘high amenity noise limit’ of 

35 dB LA90 or background +5 dB, in the evening and at night. 

Figure 1 illustrates the wind farm noise limits in NZS 6808. 
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Figure 1. NZS 6808 noise limits 

The committee sought to reduce the complexity of the control 

systems previously used to identify sensitive times when a 

high amenity noise limit should apply. It was found that there 

are no simple relationships that will identify all sensitive 

times. Even with the elaborate monitoring systems at dwell-

ings used previously, a proportion of those times are missed. 

However, it was decided that this was acceptable as 

40 dB LA90 still protects health and maintains reasonable 

amenity. A new control was devised that captures a similar or 

greater number of sensitive times, simply by using the wind 

farm wind speed. In cases where the high amenity noise limit 

is justified, it now applies when the wind farm wind speed is 

6 m/s or less. This provides a more efficient control that 

should provide greater benefit for communities.  

Alleged health effects 

Another key issue that exercised the committee was reported 

adverse health effects from wind turbine sound, such as ‘vi-

broacoustic disease’, ‘wind turbine syndrome’, and various 

other low frequency sound and vibration effects. The com-

mittee reviewed a substantial volume of international litera-

ture on these alleged effects, including papers published 

through to the middle of 2009 at the International Meeting on 

Wind Turbine Noise. 

Despite the volume of material on some of these alleged 

health effects, the committee unanimously found that in all 

cases the evidence did not show any causal link between the 

effects claimed and wind turbine sound. There were funda-

mental weaknesses in the scientific methodology in all cases. 

No evidence was found that a precautionary approach with 

lower noise limits for wind turbine sound is necessary. 

Some recent wind farm proposals in New Zealand have cre-

ated significant anxiety in the surrounding community. This 

has been fuelled by the convictions of those promoting these 

alleged health effects, and it remains a challenge to commu-

nicate the wider scientific view, such that communities may 

then experience less anxiety. 

TERMINOLOGY 

A number of changes have been made to the terminology 

used in NZS 6808. The most notable are: 

LA90(10 min) – NZS 6808 previously used the L95 descriptor for 

background and wind farm sound levels. However, in all 

other New Zealand Standards since 1999, the L90 has been 

adopted for background sound. This has now been changed in 

NZS 6808, and it has also been brought in line with interna-

tional standards by adding the frequency-weighting and 

measurement time interval (e.g. LA90(10 min)). Comparisons 

were made between L90 and L95 data for wind farms and it 

was shown that there were less than 0.5 dB differences. 

Therefore no amendment was made to the noise limits. 

Wind turbine – The 1998 version of NZS 6808 used the ac-

ronym ‘WTG’ for wind turbine generator. However, this is 

no longer used in international standards, and the 2010 ver-

sion of NZS 6808 just uses the words ‘wind turbine’. 

Small wind turbine – Under the 1998 version of NZS 6808 

there was no differentiation of wind turbine sizes, and it was 

possible for an extensive measurement methodology to be 

required even for small wind turbines. The 2010 revision now 

includes a definition of small wind turbine, taken from IEC 

61400-2 [10], as anything with a swept area less than 200m2. 

This encompasses reasonable sized wind turbines with up to 

8 m blade lengths, but currently in New Zealand turbines 

tend to be clearly one side or the other of this point. For small 

wind turbines the Standard now allows for compliance with 

the general environmental noise limits and also provides for 

on/off testing. 

MEASUREMENTS 

NZS 6808 is based on wind turbine sound data measured in 

accordance with IEC 61400-11 [11]. This currently requires 

wind data to be referenced to 10 m above ground level. It has 

been shown [12] that the simplistic algorithm to account for 

wind shear in IEC 61400-11 can introduce significant errors, 

particularly with taller wind turbines. This issue has been 

eliminated in the 2010 revision of NZS 6808 by referencing 
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all wind speed data to the wind turbine hub-height. Improved 

techniques for measuring and modelling wind speed mean 

that wind farm developers are usually able to provide hub-

height wind speeds to a good degree of accuracy. 

The background +5 dB variable part of the noise limit re-

quires a relationship to be determined between background 

sound levels and wind farm wind speed. In some cases good 

correlations of the data are not achieved, such as when sound 

levels are dominated by road-traffic, or when a location is 

sheltered by terrain in certain wind directions. The committee 

determined that a prescriptive procedure for the correlations 

would not be practical as there are too many site specific 

factors. However, significant additional guidance has been 

provided, with various factors now required to be taken into 

account. It is now explicit the degree to which data may need 

to be separated into different times or wind conditions. Also, 

notes are provided for issues such as measurements near 

water courses and trees. 

Uncertainty 

Historically, uncertainty associated with environmental sound 

measurements in New Zealand has not been reported. In 

common with other New Zealand acoustics Standards that 

have been recently revised, NZS 6808 now makes reference 

to the University of Salford guidelines on uncertainty [13], 

and promotes this as good practice. At this stage, given that 

the acoustics industry needs to develop in this area, it is not 

mandatory to state the uncertainty of measured levels. 

PREDICTIONS 

The 1998 version of NZS 6808 provided a simple propaga-

tion algorithm accounting just for distance attenuation and air 

absorption, based on 500 Hz. While this is generally conser-

vative, the use of air absorption at 500 Hz can introduce sig-

nificant errors. Most practitioners using acoustics software 

were implementing more sophisticated propagation models. 

NZS 6808 now specifies a wide range of factors that must be 

taken into account in propagation modelling and references 

ISO 9613-2 [14] as an appropriate method. A simplified 

method is still provided in an appendix, but the limitations 

are clearly set-out and octave-bands are required for air ab-

sorption. 

An issue that arises with the NZS 6808 method is that wind 

turbine sound power data in accordance with IEC 61400-11 

is in terms of LAeq, whereas the noise limits are in terms of 

LA90. It has previously been suggested that an adjustment to 

predications is justified as the LA90 will be lower than the 

LAeq. However, the committee decided that as the difference 

is variable [4], it is better to assume that a prediction based 

on LAeq source data is taken to be an LA90. This provides a 

small degree of conservatism in the predictions.  

RESOURCE MANAGEMENT ACT 

In New Zealand, the planning and consenting process is con-

trolled by the Resource Management Act. Under this Act, a 

couple of issues often arise which were not adequately ad-

dressed in the 1998 version of NZS 6808.  

Reverse sensitivity 

‘Reverse sensitivity’ issues could arise if a new dwelling was 

constructed adjacent to an existing wind farm, and then com-

plaints by the new residents restricted the operation of the 

wind farm. This can be addressed by alerting prospective 

residents to the effects of a consented or existing wind farm, 

and NZS 6808 now provides guidance on this issue. 

Cumulative effects 

NZS 6808 was previously silent on the issue of cumulative 

noise effects from multiple wind farms or a single wind farm 

developed in stages. It has now been made clear that the 

noise limits apply to the combination of all wind farm sound 

affecting any dwelling, and that background sound level 

measurements used for determining the background +5 dB 

limits must exclude any existing wind farm sound. 

Conditions 

In New Zealand, development or planning (‘resource’) con-

sents are usually granted subject to conditions. These condi-

tions may reference Standards, but they also have to explic-

itly include the actual noise limits and assessment points. 

As noted previously, in the author’s opinion, convoluted 

consent conditions for recent wind farms have resulted in 

significant inconsistency and have contributed to community 

confusion and anxiety. To ensure the new revision of 

NZS 6808 is applied consistently and robustly, a set of model 

conditions have been provided in an appendix. 

CONCLUSIONS 

A two year revision process was undertaken for the New 

Zealand wind farm noise Standard, NZS 6808, from 2008 to 

publication in 2010. The fundamental method of the 1998 

version was found to be robust. The key changes made were 

a raft of technical refinements and incremental enhance-

ments. Other changes include provision for a high amenity 

noise limit in specific areas. 
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Preface 
Wind power is a relatively new generator of electricity in Sweden. Legislation and 
regulation regarding noise from wind turbines in Sweden have been discussed. Eja 
Pedersen at Halmstad University has at the request of the Swedish Environmental 
Protection Agency prepared this report as a base for further discussions on regulation and 
guidelines on noise from wind turbines in Sweden. The report reviews the present 
knowledge on perception and annoyance of noise from wind turbines in residential areas 
as well as in recreational areas. It also summarizes regulations in some European 
countries. The author Eja Pedersen is responsible for the content of the report. 

 
Stockholm, August 2003  
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Summary 
This study summarises present knowledge on noise perception and annoyances from wind 
turbines in areas were people live or spend recreation time. There are two main types of 
noise from a wind turbine: mechanical noise and aerodynamic noise. The aerodynamic 
noise emits from the rotor blades passing the air. It has a swishing character with a 
modulation that makes it noticeable from the background noise. This part of the wind 
turbine noise was found to be the most annoying.  

Field studies performed among people living in the vicinity of wind turbines showed 
that there was a correlation between sound pressure level and noise annoyance, but 
annoyance was also influenced by visual factors such as the attitude to wind turbines’ 
impact on the landscape. Noise annoyance was found at lower sound pressure levels than 
in studies of annoyance from traffic noise. There is no scientific evidence that noise at 
levels created by wind turbines could cause health problems other than annoyance. 

No studies on noise from wind turbines in wilderness areas have been found, but the 
reaction to other noise sources such as aircraft have been studied. In recreational areas, 
the expectation of quietness is high among visitors, but wind turbines are, in contrary to 
aircraft, stationary and could be avoided by recreationists. The visual impact of wind 
turbines might though be the dominant source of annoyance. 

Regulations on noise from wind turbines are based on different principles. Some states, 
e.g. Denmark, have a special legislation concerning wind turbines, while others, like 
Sweden, have used recommendations originally developed for a different noise source. 
The noise level could either be absolute, as in Germany, or related to the background 
noise level as in France. This background noise level could be standardised, measured or 
related to wind speed. 
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Sammanfattning 
Denna rapport har tagits fram av Eja Pedersen, Högskolan i Halmstad på uppdrag av 
Naturvårdsverket. Syftet är att ge underlag för fortsatta diskussioner om bedömning av 
ljud från vindkraftverk i Sverige  

Rapporten sammanfattar kunskapsläget kring människors uppfattning och störning av 
buller från vindkraftverk vid bostäder och i friluftsområden. Vindkraftverk ger upphov till 
två typer av ljud: mekaniskt och aerodynamiskt. Det aerodynamiska ljudet uppstår när 
rotorbladen passerar luften. Det har en svischande karaktär med en modulation som gör 
det urskiljningsbart från bakgrundsljudet. Den här delen av vindkraftljudet har visat sig 
vara mest störande. 

I fältstudier genomförda bland människor boende i närheten av vindkraftverk fann man 
ett samband mellan ljudnivå och bullerstörning, men störningen påverkades också av 
visuella faktorer som attityden till vindkraftverkens påverkan på landskapsbilden. 
Andelen störda av buller var högre än vad som tidigare funnits i studier av trafikbuller. 
Det finns inga vetenskapliga bevis för att buller med de nivåer som vindkraftverk ger 
upphov till skulle kunna orsaka hälsoproblem andra än störning.   

Det gick inte att hitta några studier som behandlade buller från vindkraftverk i vild-
mark, men effekten av andra bullerkällor såsom flyg har studerats. I friluftsområden är 
förväntningen på tystnad hög hos besökarna, men vindkraftverk är till skillnad från flyg 
en stationär källa och kan undvikas av besökarna. Det visuella intrycket av vindkraftver-
ken kan därför vara den dominerande källan till störning. 

Regler för buller från vindkraftverk baseras på olika principer. I några länder, t.ex. i 
Danmark, finns en speciell lagstiftning för vindkraftverk, medan man i andra, som 
Sverige, använder rekommendationer ursprungligen framtagna för en annan bullerkälla. 
Gränsvärdet för buller kan antingen vara absolut, som i Tyskland, eller relateras till 
bakgrundsljudets nivå. Ljudnivån i bakgrundsljudet kan vara standardiserad, mätt eller 
relaterad till vindstyrka.  
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1. Introduction 
The aim of this study is to summarise present knowledge on noise perception and 
annoyance from wind turbines in areas where people live or spend time for recreational 
purposes. This review will also present examples of legislation regarding noise from wind 
turbines. The study was financed by the Swedish Environmental Protection Agency to 
form a base for regulation regarding wind turbine noise. Kerstin Persson Waye has 1995 
reviewed noise annoyance from wind turbines  [Persson Waye 1995]. The present study 
will recall some of her results, but focus on articles published from 1995 and later. 

Noise from wind turbines is a relatively new noise source in Sweden. It can be classi-
fied as an outdoor source of community noise. WHO defines community noise as noise 
emitted from all noise sources except at occupational settings [Berglund et al 1999]. This 
includes for example road, rail and air traffic, industries, construction and public work as 
well as neighbours. 

This study does not examine the measurements and calculations of noise exposure used 
in various studies. As many assumptions, on for instance sound pressure levels causing 
annoyance or sleep disturbance, are based on dose-response relationships were the dose 
were either measured or calculated (or both) this is a crucial point. This is though a matter 
of acoustics and not within the subject of this review. 
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2. Method 
Reviewed articles were searched for in relevant databases (Medline, SveMed, ISI, 
Science direct, Papers First) as well as in journals relevant for the topic. As these searches 
did not result in many articles, proceedings from well-known conferences have been 
searched in addition. One must bear in mind that this latter type of papers has often been 
accepted to conferences without closer examination. As a complement, Internet was 
searched. Direct contacts with researchers and developers have been made regarding 
health aspects and noise regulations. 
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3. Results 
3.1 Noise sources from wind turbines, sound 
characteristics and masking possibilities 

There are two main types of noises from a wind turbine: mechanical noise and aerody-
namic noise. Mechanical noise is mainly generated by the gearbox, but also by other parts 
such as the generator [Lowson 1996]. Mechanical noise has a dominant energy within the 
frequencies below 1000 Hz and may contain discrete tone components. Tones are known 
to be more annoying than noise without tones, but both the mechanical noise and tones 
that may occur can be reduced efficiently [Wagner et al 1996]. In the turbines erected 
during the last ten years, the manufacturers have been able to reduce the mechanical noise 
to a level below the aerodynamic noise. This is also due to the fact that the size of the 
turbines has increased and mechanical noise does not increase with the dimensions of 
turbine as rapidly as aerodynamic noise. 

The aerodynamic noise from wind turbines originates mainly from the flow of air 
around the blades and therefore the noise generally increases with tip speed. It is directly 
linked to the production of power and therefore inevitable [Lowson 1996]; even though it 
could be reduced to some extend by altering the design of the blades [Wagner et al 1996].  
The aerodynamic noise has a broadband character and is typically the dominating part of 
wind turbine noise today. 

When listening to a wind turbine, one may distinguish broadband noise and a beating 
noise. Broadband noise is characterised by a continuous distribution of sound pressure. 
The beating noise is amplitude modulated, i.e. the sound pressure level rises and falls 
with time. This noise is of interest for this review, as it seems to be more annoying than a 
non-modulated noise at the same sound pressure level. Only a few studies have however 
explicitly compared noises with and without modulations. In one experimental study, it 
was found that a 30 Hz tone, amplitude modulated with a modulation frequency of 2.5 
Hz, generally caused higher annoyance, symptoms and change in mood, however the 
difference compared to a non-modulated tone at 30 Hz was only statistically significantly 
different for subjective reports of drowsiness [Persson et al 1993]. It has also been found 
that annoyance caused by diesel trains decreases when the modulation depth was reduced 
over time from 13 dB to 5 dB [Kantarelis and Walker 1988]. Modulated noise from wind 
turbines has the beat of the rotor blades’ pace. The amplitude modulation has in 
experimental studies found to be most apparent in the 1 and 2 kHz octave band with 
amplitude of ± 2-3 dB [Dunbabin 1996]. Theories have been put forward regarding the 
source and extent of the amplitude modulation. One possible mechanism is the interaction 
of the blade with disturbed airflow around the tower, another the directionality of 
radiation from the blades as they rotate. Finally it is possible that variation in noise levels 
occur due to the atmospheric wind profile, which would result in a slight variation in 
angel of attack as the blade rotates [Dunbabin 1996]. In summery, the modulation in the 
noise from wind turbines is not yet fully explained and will probably not be reduced in 
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the near future and is therefore a factor of importance when discussing noise annoyance 
from wind turbines.  

The modulation frequency for a three-blade 600 kW turbine, a common size in Sweden 
today, with a steady speed of 26 rpm is 1.3 Hz. This is a frequency somewhat lower than 
the frequency of 4Hz known to be most easily detected by the human ear [Zwicker and 
Feldtkeller 1967]. The amplitude of the modulation does not have to be very high. The 
threshold for detection of a sound with a modulation frequency of 1 Hz was in one 
experimental study found to be 1-2 dB below a masking noise (white noise). The masking 
noise had its energy within the same frequency band as the modulated sound, thus 
providing optimal possibilities for masking. It was also found that the detection threshold 
was not depending on modulation depth or modulation frequencies (1Hz and 10 Hz) 
[Arlinger and Gustafsson 1988]. The new turbines erected today often have variable rotor 
speed. This means that the modulation frequency will be low at low wind speed, typically 
0.5 Hz at 4 m/s and higher at high wind speed, typically 1.0 Hz at 20 m/s. This is still in 
the span were modulations could easily be detected. A lower modulation frequency is 
preferable, as it will then be less detectable and also most likely less annoying. It is 
however not known how much less annoying these types of turbines will be. 

In experimental studies, where 25 subjects were exposed to five different wind turbine 
noises at the level of 40 dBA Leq, differences between the noises regarding annoyance 
were found [Persson Waye and Öhrström 2002]. The most annoying noises were 
predominantly described as “swishing”, “lapping” and “whistling”. These adjectives 
could all be seen as related to the aerodynamic noise and as descriptions of a time varying 
(modulated) noise with high frequency content.    

In summery it can be concluded that the modulating characteristics of the sound makes 
it more likely to be noticed and less masked by background noise. Recent reports have 
indicated yet another complication. Common hub height of the operating wind turbines 
today in Sweden is 40-50 meters. The new larger turbines are often placed on towers of 
80 – 90 meters. The wind speed at this height compared to the wind speed at the ground 
might (up to now) been underestimated. In a report published by Rijksuniversiteit 
Groningen it was found that the wind speed at 80 meter was 4.9 times higher then at 10 
meter at night instead of 1.4 times as calculated [Kloosterman et al 2002].  The study was 
rather small, but indicates that the masking of the background noise is lower than 
calculated. Further studies need to be performed. 

Topographical conditions at site have importance for the degrees to which the noises 
from wind turbines are masked by the wind. Dwellings that are positioned within deep 
valleys or are sheltered from the wind in other ways may be exposed to low levels of 
background noise, even though the wind is strong at the position of the wind turbine 
[Hayes 1996].  The noise from the turbine may on these conditions be perceived at lower 
sound pressure levels then expected. Current recommendation state that measures and 
sound propagation calculations should be based on a wind speed of 8 m/s at 10 meter 
above the ground, down wind conditions, creating a "worst case" scenario. This 
recommendation does not consider the case described above. 
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3.2. Perception and noise annoyance from wind 
turbines in living areas 

Noise from wind turbines can be more or less distinguished depending on the difference 
between noise from the wind turbine and the background noise. The background noise, 
for example traffic noise, noise from industries and the whistling in bushes and trees, vary 
from site to site, but also from day to night. The local environment at the dwelling could 
also cause a difference in wind speed between the wind turbine and the listener. An 
example of topographical conditions enlarging the differences in wind speed was 
described in chapter 3.1. Also less extreme local physical circumstances, as the placing of 
houses, may shelter the site from wind on the ground, lowering the background noise so 
that the noise from the wind turbine will be more easily heard.  

Only few field studies on noise annoyance among people living close to wind turbines 
have been carried out. A major study, partly financed by the European Community, was 
performed in Denmark, the Netherlands and Germany in the beginning of the 1990's 
[Wolsink et al 1993]. Results from the Danish part of the study were analysed further and 
presented in a separate report [Holm Pedersen and Skovgard Nielsen 1994]. A Swedish 
dose-response study was performed 2000 [Pedersen and Persson Waye 2002]. The three 
studies all explore the correlation between noise exposure from wind turbines (dose) and 
the noise annoyance among the residents (response), as well as other variables of 
importance for annoyance. Unfortunately none of these studies has yet been published in 
refereed journals.  

In the European study presented by Wolsink et al [1993], sixteen sites in the three 
countries comprising residents living within noise levels of 35 dBA were selected. As a 
certain variance had to be included in the study, residence living at sound pressure levels 
<25dBA to 60 dBA were chosen, though the major portion or 70% lived within noise 
levels of 30-40 dBA. The sites comprised a total of 134 turbines: 86 in the Netherlands, 
30 in Germany and 18 in Denmark. Most of the turbines were small. Only 20 of them had 
a power of 500 kW, all the rest were of 300 kW or less. 

The results presented were based on a total of 574 interviews: 159 in the Netherlands, 
216 in Germany and 199 in Denmark. The response rate is not known. A questionnaire 
including questions on noise (annoyance, perceived loudness and interference), attitude to 
wind power, residential quality and stress were used for the interviews. Sound pressure 
levels were measured on sites, but how these measurements were made is not clear. 
Sound pressure level strata were calculated with 5 dBA intervals. 

Only a weak correlation between sound pressure level and noise annoyance caused by 
wind turbines could be found (Kendall’s coefficient for correlating rank order variables 
t=0.09; p<0.05).  The proportion annoyed by noise from wind turbines was 6.4% (n=37). 
The perceived loudness was also low, as well as the interference of noise with various 
daily activities. Residents complaining about wind turbines noise perceived more sound 
characteristics (t=0.56; p<0.001) and reported more interference of daily activities 
(t=0.56; p>0.001). The noise produced by the blades lead to most complaints. Most of the 
annoyance was experienced between 16.00 p.m. and midnight.  
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Wolsink et al (1993) also evaluated other physical variables and their relation to noise 
annoyance, e.g. distance between residence and the wind turbine site, location with regard 
to wind direction, other buildings or natural barriers between the residence and the wind 
turbine. When adding these variables to the analysis, the objectively measured sound 
pressure level was no longer significantly related to noise annoyance. Other variables, 
both subjective and objective, were tried in a multivariate analyse of the level of 
annoyance of noise from wind turbines. Four variables had an impact of noise annoyance: 
stress caused by wind turbine noise, daily hassles, perceived effects of wind turbines in 
the landscape (visual intrusion) and the age of the turbine site (the longer it has been 
operating, the less annoyance). These four variables explained 53% of the variance of 
noise annoyance. Variables that had no impact on noise annoyance in the model were e.g. 
buildings between the residence and the wind turbine or objective sound pressure level. 
The results should be treated with caution, as the actual level of annoyance among the 
large majority of the subjects was low.  

The Danish part of the study was, as mentioned, presented in a separate report. The 18 
wind turbines on the selected sites were rather small; i.e. they had a power of 45 kW to 
155kW. The hub height ranged from 18 to 33 meters, with a median of 23 meters. 
Interviews with 200 residents were performed. The questions agreed on in the European 
study were used, as well as additional questions. The survey was masked to the respon-
dents as a study on general living conditions. The response rate is not known. A number 
of objective variables were linked to each respondent, e.g. distance and direction to 
nearest wind turbine, barriers between residence and turbine, trees or bushes that could 
mask the noise and a variable called visual angle. The visual angle was measured in 
degrees from the respondents dwelling to the hub with the ground as the horizontal line. 
This variable was included as a measure of visual impact. Several noise variables were 
also added. Sound pressure levels were measured on a ground board at a distance of 1-2 
times the hub-height behind the turbine at the same time as the wind was measured at 10 
meters height in front of the turbine. Sound pressure levels for each dwelling were then 
calculated in two ways; not including the influence of barriers and including the influence 
of barriers. Both reflect downwind conditions at 5 and 8 m/s. The sound was also 
analysed for tones. 

The proportion rather annoyed by noise from wind turbines was 7% (n=14) and the 
proportion very annoyed was 4% (n=4). The annoyance increased with increasing sound 
pressure level. At Lr=40dBA (calculated LpA and 5dB added to for audible tones) the 
mean annoyance was 0.25 at a scale from 0 to 10. Comparing this with the distance and 
the visual angle, the distance should exceed 300 meters and the visual angle should be 
less than 3.5 degrees if the annoyance should be kept below 0.25. The angle 3.5 degrees 
correspond approximately to a distance from the dwelling to the turbine of 16 times the 
hub-height. A linear regression showed that the objective variable that had the greatest 
impact on noise annoyance was the visual angle that explained 12% of the variance. Of 
the variables describing sound properties, the once including LpA (A-weighted sound 
pressure level) and Lr (5dB added to LpA for audible tones), were also of importance, but 
to a lesser extend. There was no difference when the sound was calculated for 5 m/s or 
for 8 m/s. The visual angle and the variables describing sound properties were in turns 
correlated to each other. Subjective variables were also tried in a linear regression, which 
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showed that whether the turbine noise could be heard or not had the greatest impact on 
noise annoyance and explained 49% of the variance. Three other subjective variables 
were also of importance: perception of shadows (r2=0.23), perception of flicker (r2=0.25) 
and the attitude to the turbines’ impact on the landscape (r2=0.23). All these are visual. 
The conclusion of the authors of the Danish study was that both sound pressure level and 
visual variables have an impact on noise annoyance.  

The Swedish study was performed in Laholm during May-June 2000. The areas chosen 
comprised in total 16 wind turbines thereof 14 had a power of 600 kW. The study base 
comprised one randomly selected subject between the ages of 18 and 75 in each 
household living within a calculated wind turbine sound pressure level of 25 to 40 dBA 
(n=518).  

The annoyance was measured using a questionnaire. The purpose of the study was 
masked and among questions on living conditions in the countryside, questions directly 
related to wind turbines were included. Annoyance from several outdoor sources was 
asked for regarding the degree of annoyance both outdoor and indoor. Annoyance was 
measured with a 5-graded verbal scale ranging from “do not notice” to “very annoyed”. 
The same scale was used for measuring annoyance from wind turbines specifically (noise, 
shadows, reflections, changed view and psycho-acoustical characters). The respondents’ 
attitude of the impact of wind turbines on the landscape scenery and the attitude to wind 
power in general were also measured with a 5-graded verbal scale, ranging from “very 
positive” to “very negative”. Questions regarding living conditions, health, sensitivity to 
noise and employment were also included. A total of 356 respondents answered the 
questionnaire, which gave a total response-rate of 69%. 

For each respondent calculated A-weighted sound pressure level as well as distance 
and direction to the nearest wind turbine were obtained. Sound pressure levels (dBA) 
were calculated at 2.5-decibel intervals for each household. The calculations were done in 
accordance with [Naturvårdsveket 2001] and reflect downwind conditions. Data of 
distance between the dwelling of the respondent and the nearest wind turbine, as well as 
the direction, was obtained from maps. 

The correlation between noise annoyance from wind turbines and sound pressure level 
was statistically significant (rs=0.399; n=341; p<0.001). The annoyance increased with 
increasing sound pressure level at sound pressure levels exceeding 35 dBA. No 
respondent stated them selves very annoyed at sound pressure levels below 32.5 dBA 
(Figure 1). At sound pressure levels in the range of 37.5 to 40.0 dBA, 20% were very 
annoyed and above 40 dBA 36%. The confidence intervals were though wide; see 
Figure 1. 
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Figure 1. The proportions very annoyed by noise outdoors from wind turbines (95%CI) at 

different A-weighted sound pressure levels [Pedersen and Persson Waye 
2002]. 

 
To explore the influence of the subjective factors on noise annoyance, binary multiple 
logistic regression was used. The analysis showed that the odds for being annoyed 
increased with 1.87 (95% CI: 1.47-2.38) for each 2.5 dBA increase in sound pressure 
level. After correction for the individual subjective factors: attitude of visual impact, 
attitude to wind power in general and sensitivity to noise, the odds for being annoyed 
decreased to 1.74 (95% CI: 1.29-2.34) for each 2.5 dBA increase in sound pressure level. 
Only attitude of visual impact had a significant influence on the risk. There was also a 
statistically significantly correlation between noise annoyance and annoyance of shadows 
from wind turbines (rs=0.491; n=339; p<0.001) as well as annoyance of changed view 
(rs=0.461; n=340; p<0.001).  

The respondents were asked to rate the perception and annoyance of noise from the 
rotor blades and the noise from the machinery. Noise annoyance from rotor blades and 
machine were positively correlated to sound pressure level, (rs=0.410; n=339; p<0.001) 
and (rs=0.291; n=333; p<0.001) respectively. At all sound pressure levels, a higher 
proportion of respondents noticed sound from rotor blades than from the machinery. The 
same proportion that noticed sound from wind turbines in general noticed sound from the 
rotor blades. Among those who could notice sound from wind turbines, swishing (33.3%, 
n=64), followed by whistling (26.5%, n=40) and pulsating/throbbing (20.4%, n=31), were 
the most common sources of annoyance regarding sound properties.  

The proportion rather and very annoyed by noise from wind turbines was small in the 
first two studies presented above. The annoyance increased with increasing sound 
pressure level, but the correlation was low. Unfortunately there is no information about 
proportion annoyed at different sound pressure levels. These percentages would have 
been interesting to compare with the result of the Swedish study, as the result of this 
study was different from the results in the two first studies regarding dose-response 
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correlation. In the Swedish study, the proportion very annoyed from wind turbine noise 
was rather high at sound pressure levels exceeding 37.5 dBA, and a firm correlation 
between sound pressure level and annoyance was found. All studies find a relation 
between noise annoyance and visual factors such as visual intrusion and shadows. These 
factors probably explain part of the noise annoyance. All three studies were performed 
among residents exposed to rather low sound pressure levels from wind turbines. Still 
annoyance occurred to some extent.  In the noise, the aerodynamic part was found to be 
the most annoying, stressing the relevance of the sound characteristic, which is also in 
accordance with previous experimental studies [Persson Waye and Öhrström 2002]. 

3.3 Perception of noise from wind turbines in wilderness 
recreational areas 

The special soundscape1 of wilderness recreational areas has been described by a number 
of authors, e.g. [Miller 2001, Dickinson 2002]. The soundscape differs from site to site 
and can be very quiet in remote areas, especially when vegetation is sparse (as in the 
Swedish bare mountain region). In a comparison between different outdoor settings in 
USA, it was found that the sound pressure level in a suburban area at nighttime was 
above 40 dBA, along a river in Grand Canyon 30-40 dBA and at a remote trail in the 
same park 10-20 dBA [Miller, 2002]. The effect of intruding sound should be judged in 
relation to the natural ambient soundscape. The sound pressure level of the intruding 
sound must be compared to the sound pressure levels of the background noise. The 
durability of audibility is another variable of importance for understanding visitors’ 
reactions to noise [Miller 2001].  

No studies on noise from wind turbines in wilderness areas have to my knowledge 
been carried out, but the effect of noise from other sources has been discussed in a few 
articles.  A larger study on noise annoyance from aircraft over-flights on wilderness 
recreationists was performed in three wilderness areas in USA [Fidell et al 1996]. The 
areas were chosen specifically for their expected relatively large number of aircraft over-
flights. On-site interviews regarding noise annoyance were conducted among visitors. 
The response rate was 96% (n=920). In addition, more than 2000 h of automated, A-
weighted sound pressure level measurements were made as well as forty-six hours of 
recordings. Out of these, day-night average sound pressure levels (DNL) of visitors’ total 
noise exposure and their exposure to indigenous sound for the time-period of interview-
ing were estimated.  

                                                 
1 One definition of soundscape can be found in "The Handbook for acoustic ecology", Truax, B. (ed) R.C. 

Publications, Vancouver, Canada. 1978. ”SOUNDSCAPE: An environment of sound (sonic environment) 
with emphasis on the way it is perceived and understood by the individual, or by a society. It thus depends 
on the relationship between the individual and any such environment.” 
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Table 1. Prevalence of annoyance and estimated cumulative exposure to aircraft noise 

[Fidell et al 1996] 

 %Highly annoyed2 Aircraft DNL Ambient DNL Total DNL 
Golden Trout 12 50 dB 47 dB 52 dB 

Cohutta 2 47 dB 52 dB 53 dB 
Superstition 1 34 dB 38 dB 39 dB 

 
The results showed that the large majorities (75%-92%) of respondents were not 
annoyed3 by noise of over-flights in the three wilderness areas studied. A minority (1%-
12%) was highly annoyed. Aircraft that typically produced higher noise levels (low flying 
jets and helicopters) or operated at shorter slant ranges from observers were reported to 
be more annoying than small propeller driven aircraft and high altitude jet transports. 
Little evidence was found that over-flights diminished respondent’s overall enjoyment of 
their visits, nor their intention to return for additional visits. Other aspects of wilderness 
visits than noise annoyance were of more importance to the visitors than noise from 
aircraft, e.g. inadequate trail maintenance, crowding, insects and weather. The study was 
followed up with a telephone survey among visitors from nine wilderness areas in 
addition to the three selected for the first study. The results were on the whole the same. 
Fidell and co-workers compared their data with a theoretically derived dosage response 
relationship between the prevalence of annoyance in residential setting and exposure to 
general transportation noise. This suggested that respondents engaged in outdoor 
recreation in three wilderness areas included in the study described themselves as highly 
annoyed by 7 dB less aircraft noise exposure than would be tolerable in a residential 
setting.  

A quasi-experimental field study on aircraft noise in recreational areas was performed 
in Norway [Aasvang and Engdahl 1999]. Two groups of people (n=10, n=16) were 
exposed to aircraft noise in a recreational area close to Fornebu Airport in Oslo and asked 
to rate their annoyance of noise during a 45-minute section. At the same time the number 
of over-flights and noise levels were measured. The correlation between noise exposure 
and annoyance was statistically significant. Of interest for this review is the rating of 
acceptable annoyance that the subjects were asked to do. Comparing the acceptance with 
the noise exposure in a linear regression, 50% of the subjects in group-1 considered the 
noise as not acceptable at sound pressure levels above 60 Laeq (dB). In group-2, who 
were exposed to less discernible noise events and lower noise levels due to different wind 
conditions, 50% did not accept sound pressure levels above 50 Laeq (dB). One should be 
aware of the small number of subjects in each group. Noticeable is that the background 
noise level for the first group was 40.2 Laeq (dB) and for the second group 42.6 Laeq 
(dB). Aasvang and Engdahl discussed several explanations of the different outcomes of 
the two groups. One suggestion was that air flight approach operations are more annoying 
than departures, even though they resulted in lower sound pressure levels. Due to wind 
conditions, the exposure of group 2 was dominated by approach operations.  

 
                                                 
2 The definition of highly annoyed used in this study has not been found. 
3  The definition of not annoyed used in this study has not been found. 
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Another Norwegian study on aircraft disturbance was carried out as an on-site study in a 
recreational mountain area [Krog et al 2000]. Daily over-flights were planned together 
with the Norwegian Air Force so that hikers would be exposed to aircraft noise at 
different level and different frequency. Interviews with visitors were performed near the 
end of a walking trail. The purpose of the study was masked, i.e. the study was presented 
as a general survey about outdoor recreation. A total of 761 respondents participated in 
the survey. The response rate is not known. Of the respondents exposed to over-flights 
(n=386), 56% found the aircraft noise very disturbing. When dividing the exposed into 
four different groups, according to which flying pattern they were exposed to, no 
differences between the rates of annoyance could be found between the groups. The 
results also showed that the disturbance due to military aircraft noise increased with 
increasing age, increasing total noise exposure and increasing duration of time spent on 
the hike. However, there was no significant difference between the exposed and the 
unexposed group regarding the overall satisfaction with today’s hike. Among the exposed 
subjects, it was found that the more negative evaluation of military aircraft noise, the 
higher the likelihood to judge the hike as less positive. 

Staffan Hygge has recently in a report for the Swedish National Rail Administration 
(Banverket) and National Road Administration of Sweden (Vägverket) summarised 
studies on noise annoyance in recreational areas and national parks [Hygge 2001]. 
Though the overall proportion of annoyed by aircraft noise is low in many studies, the 
individual factors are of importance for annoyance. For visitors who seek quietness just 
hearing any sound from aircraft could be bothering. Hygge also discusses possible 
cultural differences in acceptance of noise in recreational areas. American studies show a 
lower proportion of annoyed than studies from Norway and New Zealand. This could be 
due to the fact that that the non-American studies were done in remote areas which 
presumable gives a group of respondent with a special profile, seeking quietness. He also 
discusses other sources of transportation noise and finds an indication that the legitimacy 
is of importance, e.g. rescue flights are more accepted than sightseeing tours.  

Aircraft over-flight is a mobile source of noise in contrary to noise from wind turbines, 
so the two cannot directly be compared. Noise from wind turbines is more similar to 
noise from ski lifts. The noise source is stationary and the visitors can usually choose 
themselves if the like to stay by the noise or move on.  Ski lifts are operating at special 
hours in the winter and they can be assumed to produce noise at comparable sound 
pressure levels when they are operating. Wind turbines are operating all year around, day 
and night, but the sound pressure levels vary with the wind and noise is only produced at 
special conditions.  

Some results from the aircraft studies could though be transferred. The expectation of 
quietness is high among visitors and Fidell et al [1996] estimated that the noise level 
tolerated in wilderness areas compared to residential areas was 7 dBA lower. The 
tolerance also depended on the legitimacy of the noise source. Cultural differences in 
accepting noise should also be discussed. If there were a cultural difference in how noise 
in recreational areas is accepted, the tolerance would probably be low in Sweden. The 
visual effect of the wind turbines may be a source of annoyance equal to noise in 
recreational areas, especially if there is large wide-open space. 
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3.4 Aspects of health and well-being 

According to the definition made by WHO, health is a state of complete physical, mental 
and social well-being and not merely the absence of infirmity. The WHO Guidelines for 
Community noise lists specific effects to be considered when setting community noise 
guidelines: interference with communication; noise-induced hearing loss; sleep distur-
bance effects; cardiovascular and psycho-physiological effects; performance reduction 
effects; annoyance responses; and effects on social behaviour [Berglund et al 1999]. 
Interference with communication and noise-induced hearing loss is not an issue when 
studying effects of noise from wind turbines as the exposure levels are too low.  

No studies have been found exploring cardiovascular and psycho-physiological effects, 
performance reduction effects and effects on social behaviour specifically with regard to 
noise from wind turbines. A number of articles have though explored the relationships 
between exposure of other sources of community noise (road traffic, aircraft, railway 
traffic) and health effects. Evidence in support of health effects other than annoyance and 
some indicators of sleep disturbance is weak [Berry et al 1998]. In a Swedish official 
report Öhrström reviews the effects of community noise in general [Öhrström 1993]. On 
basis of studies on effects of noise from aircraft and road traffic, she finds that there are 
some evidences of noise causing psychosocial or psychosomatic nuisance. The effects are 
related to individual factors (sensitivity to noise and capacity to cope with stress) and to 
annoyance rather than to sound pressure level. Annoyance itself is though an undesired 
effect of health and well-being. In a review of studies performed 1993-1998, Lercher et al 
[1998] evaluated adverse physiological health effects of occupational and community 
noise. Most of the studies concern sources of noise with higher sound pressure levels than 
those of wind turbines. Even so, it was difficult to find correlation between exposure and 
e.g. cardiovascular or immunological effects. In a summery of possible long term effect 
of exposure to noise done by Passchier-Vermeer the observed threshold for hypertension 
and ischaemic heart disease was 70 dBA outdoors [Passchier-Vermer 2002]. Transferring 
the results of these studies, there are no evidences that noise from wind turbines could 
cause cardiovascular and psycho-physiological effects. However, the overall effect for 
people living in the vicinity of a wind turbine should be considered (noise annoyance, 
visual annoyance). The European field study mentioned above indicates that wind 
turbines could cause stress [Wolsink et al 1993]. Stress is not defined in the report and 
could be just another aspect of annoyance, but stress could also be one health variable 
that needs to be investigated further. 

Annoyance response is probably the most studied health effect regarding wind tur-
bines. As outlined in chapter 3.2 and 3.3, noise annoyance appears even at low sound 
pressure levels. Another health effect that may be relevant for people living near wind 
turbines is sleep disturbance. The WHO guidelines for community noise recommend that 
the outdoor noise levels in living areas should not exceed 45 dBA Leq at night, measured 
with the time base 8 hours [Schwela 1998], as sleep disturbance may occur with open 
windows. The exposure from wind turbines is not known to exceed this limit, but in the 
Swedish field-study mentioned above [Pedersen and Persson Waye 2002], of the 12 
respondents at exposure level 37.5-40.0 dBA who stated them selves disturbed in their 
sleep by noise, 10 respondents mentioned wind turbines as source. Almost all of them 
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slept with open window. The number of respondents was however too low for conclu-
sions to be drawn and further research is needed. 

In a review of health effects of road traffic noise, Rylander finds that there is no 
research done so far that indicates that environmental noise could provoke psychiatric 
disease [Rylander 1999]. Noise as a factor of stress, inducing symptoms among sensitive 
individuals is discussed, as well as the possibility of noise interacting with other 
environmental strains causing stress. Further research is though needed. 

Summarising the findings, there is no scientific evidence that noise at levels emitted by 
wind turbines could cause health problems other than annoyance. However, sleep 
disturbances should bee further investigated. As noise from wind turbines has a special 
characteristic (amplitude modulation, swishing) it may be easily detected in a normal 
background noise and this may increase the probability for annoyance and sleep 
disturbance. The combination of different environmental impacts (intrusive sounds, visual 
disturbance and the unavoidance of the source in the living environment) could lead to a 
low-level stress-reaction, which should be further studied.  

3.5 A comparison of noise regulations in European 
countries  

A summary of limits and regulations regarding noise from wind turbines in some 
European countries was done by Lisa Johansson in the notes from an IEA topical expert 
meeting in Stockholm [Johansson 2000]. Her summary has here been updated and 
expanded.  

The recommended highest sound pressure level for noise from wind turbines in 
Sweden today is 40 dBA outside dwellings (Naturvårdsverket webbplats). In noise 
sensitive areas as in the mountain wilderness or in the archipelago, a lower value for the 
highest sound pressure level is preferable. The penalty for pure tones is 5 dBA. In praxis, 
the sound pressure levels at dwellings nearby a planned wind turbine site are calculated 
according to [Naturvårdsverket 2001] during the process of applying for a permission to 
build. Measurements in site are only performed in case of complains and then as 
measurements of imission at the dwelling of the complainant at wind speeds of 8 m/s at 
10 m height.  

Denmark has a special legislation governing noise from wind turbines (Bekendtgørelse 
om støj fra vindmøller BEK nr 304 af 14/05/1991). The limit outside dwellings is 45 dBA 
and for sensitive areas 40 dBA Leq. Sensitive areas are areas planned for institutions, 
non-permanent dwellings or allotment-gardens, or for recreation. In case of complaints 
emission measurements are performed according to the legislation, i.e. on a plate on the 
ground at a distance of 1-2 times the hub height of the turbine. Noise imission at the 
dwelling of the complainant is then calculated.   

The legal base for noise pollution in Germany is the Federal clean air act from 1974 
(Bundes-Immissionschultz-Gesetzes. BimSchG, Germany, 1974). The limited values for 
the sound pressure levels are defined in TA Lärm (Technische Anleitung Lärm, Germany, 
1998). 
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Table 2. German noise regulations 

Area Day Night 
Industrial Area (Industrigebeit/Gewergebeit) 70 dBA / 65 dBA 70 dBA / 50 dBA 
Mixed residential area and industry 
Or Residential areas mixed with industry 

 
60 dBA 

 
45 dBA 

Purely residential areas with no commercial developments 
(Allgemeines Wohngebeit/Reines Wohngebeit) 

 
55 dBA / 50 dBA 

 
40 dBA / 35 dBA 

Areas with hospitals, health resorts, etc. 45 dBA 35 dBA 
  
Calculation of sound propagation is done according to DIN ISO 9613-2. All calculations 
have to be done with a reference wind speed of 10 m/s at 10 m heights4.  

The French legislation used in the case of wind turbines is the neighbour noise regula-
tion law (Loi n° 92-1444 du 31 décembre 1992: Loi relative à la lutte contre le bruit). 
This legislation is based on the principle of noise emergence above the background level 
and there is no absolute noise limit. The permitted emergence is 3 dBA at night and 5 
dBA at day. The background noise level has to be measured at a wind speed below 5 m/s.  
The legislation is not adjusted to wind turbine cases, and in praxis the noise measure-
ments are made at 8 m/s when the wind turbine noise is expected to exceed the back-
ground noise levels the most5.                                           

New regulations on noise including noise from wind turbines were introduced in the 
Netherlands 2001 (Besluit van 18 oktober 2001, houdende regels voor voorzieningen en 
installaties; Besluit voorzieningen en installaties milieubeheer; Staatsblad van het 
Koninkrijk der Nederlanden 487). The limits follow a wind speed dependent curve. For 
the night the limit starts at 40 dBA at 1 m/s and increases with the wind speed to 50 dBA 
at 12 m/s.  For daytime the limit starts at 50 dBA and for evenings at 45 dBA. 

Figure 2. De WindNormCurve. Besluit van 18 oktober 2001, houdende regels voor 
voorzieningen en installaties; Besluit voorzieningen en installaties milieube-
heer; Staatsblad van het Koninkrijk der Nederlanden 487. Bijlage 3. 

                                                 
4  Correspondence with Pamela Ljungberg, Enercon. 
5  Correspondence with Karina Bredelles, consultant at ABIES, France 
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In Great Britain the ETSU-report “The assessment and rating of noise from wind farms” 
(ETSU for DTI 1996) is referred to by for instance the Scottish Executive Development 
Department (PAN 45). The report presents a series of recommendations that is regarded 
as relevant guidance by the authorities. Generally noise limits should be set relative to the 
background noise and only for areas for which a quiet environment is desirable. More 
precisely, noise from wind farms should be limited to 5 dBA above background noise for 
both day- and night-time. The LA90, 10 min descriptor should be used both for the back-
ground noise and for the noise from the wind farm. The argument for this is that the use 
of the LA90, 10 min descriptor allows reliable measurements to be made without corruption 
from relatively loud, transitory noise events from other sources. A fixed limit for 43 dBA 
is recommended for nighttime. This is based on a sleep disturbance criterion of 35 dBA. 
In low noise environments the daytime level of the LA90, 10 min of the wind farm noise 
should be limited to an absolute level within the range of 35-40 dBA. The actual value 
chosen within this range should depend upon the number of dwellings in the neighbour-
hood of the wind farm, the effect of noise limits on the number of kWh generated, and the 
duration of the level of exposure. 

In summery, these regulations are examples of different principles regarding noise 
from wind turbines. Some states have a special legislation concerning wind turbines, 
while others use recommendations. Different descriptors as LAeq or LA90, 10 min are used. 
The noise level could either be absolute or related to the background noise level. This 
background noise level could be standardised, measured or related to wind speed.  
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4. Conclusions 
Noise from wind turbines is not at all as well studied as for instance noise from road 
traffic. As the number of studies is low no general conclusions could be drawn. However, 
some indications will be listed here.  
 
The reviewed studies above indicate that annoyance from wind turbine noise 

• Is to a degree correlated to noise exposure. 

• Occurs to a higher degree at low noise levels than noise annoyance from other 
sources of community noise such as traffic. 

• Is influenced by the turbines’ visual impact on the landscape.  
 

Wind turbine noise 

• Does not directly cause any physical health problems. There is not enough data to 
conclude if wind turbine noise could induce sleep disturbance or stress-related symp-
toms. 

• Is, due to its characteristics, not easily masked by background noise.  

• Is particularly poorly masked by background noise at certain topographical condi-
tions. 

  
Regulations on noise from wind turbines  

• Are based on different principles leading to a heterogeneous legislation in Europe. 
 

No conclusions on wind turbine noise in recreational areas could be drawn as no studies 
on the subject have been found. Other sources of noise studied as aircraft over flights 
indicate that noise levels tolerated in wilderness areas compared to residential areas are 
lower, but there is no evidence that this could be transferred to wind turbine noise. 
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This study summarises present knowledge on noise perception and annoyances from 
wind turbines in areas were people live or spend recreation time. 
 
 Field studies performed among people living in the vicinity of wind turbines showed 
that there was a correlation between sound pressure level and noise annoyance, but 
annoyance was also influenced by visual factors such as the attitude to wind turbines 
impact on the landscape. Noise annoyance was found at lower sound pressure levels 
than in studies of annoyance from traffic noise. 
 
Regulations on noise from wind turbines are based on different principles. Some states 
have a special legislation concerning wind turbines, while others use recommendations. 
Different descriptors as LAeq or LA90, 10 min are used. The noise level could either be 
absolute or related to the background noise level. This background noise level could be 
standardised, measured or related to wind speed. 
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ABSTRACT 

Exhibit AS-7 

While increasing in size and number, wind turbines in Japan are often located in quiet rural areas due to the 
country 's lack of shallow adjacent sea and geographically unbalanced wind energy. Since a quiet 
environment makes wind turbine noise more noticeable, this location of wind turbines sometimes raises 
complaints about noise by neighborhood residents even if the noise generated by wind turbines is not very 
loud. 
The Ministry of the Environment of Japan has developed an interim report on investigation, prediction and 
evaluation methods of wind turbine noise based on recent scientific findings, including the results of 
nationwide field measurements and related surveys in Japan. The challenges to be addressed are also 
identified. 

Keywords: Wind turbine noise, investigation method, reference level 
I-INCE Classification of Subjects Number(s): 14.5.4 

1. Introduction 
It is an important aspect of Japan's energy policy to accelerate the introduction of renewable 

energy. Among renewable energy sources, wind power generat ion is one of the important energy 
sources which emits neither air-polluting substances nor greenhouse gases and can also contribute to 
energy security because it can be done in Japan. The Bas ic Energy Plan of Japan (Cabinet decision in 
April , 20 14) regards wind power generation as an energy source which can be made economically 
viable as its generation cost can be as low as that for thermal power generation if it can be developed 
on a large scale. 

The number of wind power faci liti es installed in Japan started to increase around 200 I, and 2,034 
units have been installed by 20 14 (as of the end of March, 2015 ) (1). According to the 
Supplementary Material s for the Long-term Energy Supply and Demand Outlook issued by the 
Agency for Natural Resources and Energy in July, 20 15, approximately IO million kW of wind 
power is expected to be install ed by 2030, which represents a nearly four-fo ld increase from the 
existing installed wind power capacity of approximately 2. 7 mil lion kW (2). 

1 OTO@env.go.jp 
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Figure I. Installed Capacity and Number of Wind Turbines in Japan (Source: NEDO) 

On the other hand, wind power facilities emit a certain amount of noise due to their power 

generation mechanism in which blades rotate by catching wind to generate power. While the noise 

level is normally not significantly large, there are cases where even a relatively low level of noise 

causes complaints as wind power facilities are often constructed in agricultural/mountainous areas 

which are originally quiet due to the need to choose areas which have suitable weather conditions 

including wind direction and velocity,. There have been not only noise complaints but also 

complaints of inaudible sound whose frequency is 20 Hz or less. 
Against such a backdrop, as a result of the amendment of the Order for Enforcement of the 

Environmental Impact Assessment Act in October, 2012, the establishment of wind power stations 

came to be classified as relevant projects under the Act and discussions on the environmental impact 

assessment of wind power facilities have taken place. However, there are acoustic characteristics 

peculiar to noise generated from wind power facilities (hereinafter, "wind turbine noise"). It is thus 

necessary to develop methods relevant to the investigation, prediction, and assessment of wind 

turbine noise based on the latest scientific findings. 
The Ministry of the Environment of Japan has set up an academic expert committee and examined 

ideas and issues about methods for investigating, predicting, and assessing wind turbine noise in 

Japan from 2013 to 2016, in light of the results of investigations and studies in Japan published so 

far as well. This paper reports the interim summary of the examination at the academic expert 

committee. 
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2. Extant findings 
Surveys measuring wind turbine noise conducted in Japan from 20 IO to 20 12 revealed the 

following. 

In terms of spectral characteristics, wind turbine noise generally has a spectral slope of -4 
dB per octave. Its 1/3 octave band sound pressure level in all parts of the super-low 

frequency range, which means 20Hz or lower, is below the ISO threshold of hearing for 

pure tones and the criterion curve for the assessment of low frequency noise proposed by 

Moorhouse et al. (Fig . 2). Super-low frequency range components of wind turbine noise 
are at imperceptible levels. Therefore, wind turbine noise is not an issue caused by 

super-low frequency range. 
In regard to the audible frequency range, in the range from about 40 Hz and above, the 1/3 
octave band sound pressure level is above the said criterion curve and the threshold of 

hearing defined by ISO 389-7. Therefore, wind turbine noise should be regarded as 

"audible" sound (noise) in discussing it. 

100 

en 90 ~o / Limit curve proposed 
~ Q by Moorhouse et al. 
ai so > 
~ 

~ 70 Threshold of hearing for 
:::, pure tones (ISO 389-7) 
"' "' ~ 60 
C. 

"O 
C 50 :::, 
0 

"' "O 40 
C 
m 
.D 
Q) 30 
> m 
t5 io 0 

!2 
10 

0 
I 2 4 8 16 31.5 63 Ill 2~ 500 lk 21c 4k 

Frequency [Hz) 

Figure 2. Result of the analysi s of frequency characteristics of wind turbine noise 

(at 164 locations in the vicinity of 29 wind power facilities in Japan) 

Noise exposure levels of nearby residents from wind power facilities are distributed in the 
range of 26-50 dB in time-averaged A-weighted sound pressure levels. While this implies 

that wind turbine noise is not significantly higher than other types of environmental noise, 
it can cause serious annoyance to residential areas in the vicinity of wind power facilities 

located in extremely quiet agricultural/mountainous areas. 

In Japan, it is empirically known that the following relation holds between L Aeq, which 

properly excludes non-relevant noise, and LA90 : LAeq =, LA9o+2 dB 

It is also generally said that acoustic isolation is not always effective for noise from wind power 

facilities because it contains more low-frequency components. In a quiet environment with little 

noise of other types, it is relatively more easily heard than ordinary noise is. 
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3. Methods for investigating and predicting wind turbine noise, a perspective 

for its assessment, and responses against it 

In light of the findings described in section 2, the issue of wind turbine noise should be taken not 

as one of super-low frequency sound below 20 Hz but as one of "audible" sound (noise) , and it 

should be basically measured at the A-weighted sound pressure level. We here summarize matters 
to be noted in conducting an investigation and/or prediction of noise before and after installing 

wind power facilities and a perspective for wind turbine noise assessment. 

3.1 Investigation and prediction before installation 

3.1.1 Matters to be noted upon an investigation 
In selecting a method for investigation, it is necessary to collect various kinds of information in 

light of business and regional characteristics to a necessary extent in order to conduct prediction and 

assessment appropriately. Particu larly with regard to wind turbine noise, it is important to 

distinguish and discuss three major issues: 

( I ) Sound source characteristics 
It is necessary to pay attention to: 

information on the wind power facility concerned, including its specifications, 
manufacturer, model number, hub height, rotor diameter, rated wind velocity, and power 
generation ; 
the sound power level of the generated noise ; 
the A-weighted overall value and frequency characteristics (including the 1/3 octave 
band sound power level) of the sound power level at the rated (maximum) output (to 
grasp the situation of maximal environmental impact); 
A-weighted overall values and frequency characteristics (including the 1/3 octave band 
sound power level) of sound power levels under different wind velocities ; 

pure tonal frequency components (to be determined in accordance with I EC 
61400-11:2012) ; and 
existing data pertaining to the same model in operation . 

(2) Propagation characteri stics 
In Japan , wind power facilities are often installed in agricultural/mountainous areas . Sound waves 

emitted from a wind power facility installed in an agricultural/mountainous area are affected by 

various factors before propagating to a sound receiving point (assessment point), in comparison with 
one installed on a large, flat piece of land such as a plain or desert. Its noise level and frequency 

characteristics tend to change due to phenomena including reflection , absorption , transmission , 
refraction, and diffraction. It is therefore necessary to pay attention to: 

phenomena such as the reflection , absorption , or diffraction of wind turbine noise due 
to undulating terrains or ridges, 
the state of the ground surface (including rivers and lakes), and 

meteorological information such as wind conditions including wind direction , velocity, 
and frequency . 

(3) Information on a sound receiving point (assessment location) 
With regard to locations where an investigation is conducted, focusing on the daily life and 

activities of residents in the vicinity of a wind power facility, it is necessary to pay attention to: 

the configuration of establishments particularly requmng consideration for 
environmental conservation such as schools and hospitals and the outline of housing 
configuration ( including the structure of each house) , and 

the state of the acoustic environment ( degree of quietness ) of the area in question. 

(4) The specific method for investigation 
In measuring residual noise in a given area, it is necessary to pay attention to the following. 
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a. Sound to be excluded 
Sounds of the types given below should be excluded . Since wind power facilities operate when 

wind is blowing, noises caused by wind such as sound of rustling leaves are not excluded . (" Wind 

noise" generated by wind hitting a sound level meter's microphone is excluded, however.) 

i) transitory noise such as the sound of automobiles passing nearby and aircraft noise 

ii ) artificial sound not occurring regularly such as sound generated by accidents/ incidents, 

vehicles driven by hot-rodders , emergency vehicles, etc. 

iii) natural sound not occurring regularly such as sound generated by natural phenomena 

including rain and defoliation , animals' cries, etc . 
iv) sound incidental to measurement such as the voice of a person talking to a measurer, sound 

of tampering with measuring instrument, etc. 

b . Surveying and other equipment 
As the wind is generally strong in areas around wind power facilities , it is indispensable to use a 

windbreak screen in order to avoid effects of wind noise as much as possible in measuring residual 

noise. Several kinds of urethane spherical windbreak screens with different diameters are 

commercially available. In general , the larger the diameter of such a screen is, the less likely a sound 

level meter inside the screen will be affected by wind noise . Installing a windbreak screen can reduce 

the impact of wind noise up to the wind velocity of around 5 mis. 

c . Survey areas and locations 
In light of the propagation characteristics of wind turbine noise, the survey targets areas 

susceptible to an environmental impact by wind turbine noise, such as residential areas in the 

vicinity of a wind power facility (generally within a radius of about 1 km from a wind turbine). An 

area in which a quiet environment should be conserved such as hospital premises may be included in 

them. In selecting specific survey locations in the survey areas, in addition to locations where a wind 

power generation facility is planned to be installed , such locations are to be selected that are immune 

to local impacts of particular sound sources where the average level of noise in the relevant area can 

be assessed, including residential areas around the wind power generation facility . Measurement is to 

be performed at an outdoor location 3 .5 m or more distant from a reflective object excluding the 

ground. 

d . Survey period and hours 
In order to grasp conditions throughout the year accurately, a survey is to be conducted in each 

period of the year for different typical meteorological conditions under which a wind turbine 

operates (for instance, each season if meteorological conditions vary greatly by seasons) . 

The period of a single survey should be appropriately determined in consideration of time 

variation of noise due to the impact of meteorological conditions and other elements. As 

measurement values may be unstable depending on wind conditions , a survey should be performed 

for three or more consecutive days in principle. The survey should be conducted both during the day 

(6:00-22:00) and at night (22:00-6:00) hours. 

3.1.2 Matters to be noted in prediction 
As mentioned above, in Japan , wind power facilities are often installed in 

agricultural/mountainous areas. In comparison with cases where such a facility is installed on a large, 

flat piece of land such as a plain or desert , sound waves emitted from a wind power facility installed 

in a mountainous area diffuse in a more complicated manner as they propagate due to the influence 

of geological states , vegetation , meteorological conditions such as wind conditions , etc . In addition , 

it has to be noted that the propagation of wind turbine noise is extremely complicated as it is subject 

to attenuation by distance, reflection and absorption by the ground surface, reflection and diffraction 

by acoustic obstructions , attenuation by atmospheric absorption , etc. 

Among the prediction methods used, while "ISO 9613-2 : I 996" allows incorporation of more 

detailed conditions , prediction calculation according to it is rather complex. Furthermore, there is a 

problem of how the reflection rate should be calculated in cases where the effect of reflection by the 

ground surface becomes an issue , as is the case with a wind turbine installed in a ridge. 

On the other hand, the New Energy and Industrial Technology Development Organization 

(hereinafter, "NEDO") published a prediction method for the environmental impact assessment 
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ofwind power generation in July, 2003 (revised into the second version in February, 2006). This 

models wind power facilities as sound source points and uses sound power levels provided by 
manufacturers of wind power generators. This method takes into account distance attenuation due to 

sound diffusion in the propagation process and attenuation by atmospheric absorption. While this 

method can be used easily, it is difficult to consider meteorological effects, etc. 
It is necessary to pay full attention to such characteristics of methods in making prediction. 

3.2 Survey after the installation of a wind turbine 

As stated in section 3. I, predicting wind turbine noise involves elements with large uncertainty 
such as emission characteristics of noise from the source and effects of meteorological conditions as 

well as terrain and structures in the propagation process . Predicted values before the installation of a 

wind turbine and measured values after installation may sometimes differ greatly. 
We here summarize matters to be noted in a survey after the installation of a wind turbine. 

( 1) Conditions of measurement 

It is necessary to grasp the conditions of measurement and other relevant local matters that may 

impact the propagation of noise. At least, one should grasp wind direction and velocity at the nacelle 

height, the variation of power output, and meteorological data required for calculating the 

attenuation by atmospheric absorption (wind direction and velocity, temperature, and humidity) . 

(2) Survey method 

Wind turbine noise varies greatly by wind conditions, and a wind turbine often starts and 

suspends operation repeatedly. Therefore, measurement should be performed in appropriate hours in 

light of the state of operation of the wind power facility in question. For example, a method is 
conceivable that measures the average level in a 10-minute period in which wind turbine noise is 

stable ( 10-minute equivalent noise level: l Aeq, 10 mm) and regards it as the representative value. If the 
relevant wind power facility operates steadily for long hours, it is effective for obtaining robust data, 

for instance, to measure noise for 10 minutes every hour on the hour and calculate the average 

energy over the entire period of time. 
For measurement locations, period, etc. , refer to what is noted for a survey before the installation. 

(3) Survey Results 
The representative value of a survey after the installation of a wind power facility should be taken 

as the A-weighted equivalent sound pressure level measured over a period of time in which the effect 

of wind turbine noise is at its maximum and in which the effect of background noise is low(e.g. 

during night time). It is also required to confirm whether there is any pure tonal component. 
The equivalent noise level during operation can be estimated by adding around 2 dB to the noise 

level exceeded for 90% of the measurement period (LA 90 ). 

3.3 Assessment of wind turbine noise 

In assessing the impact of noise resulting from the installation of a facility, the procedure of 

environmental impact assessment performed before installation examines "whether such noise is 
avoided or reduced to an extent feasible" and , if applicable, "whether it is intended to be consistent 

with standards or criteria given by the Japanese government or local municipalities from the 

perspective of environmental protection." 
For the former examination, the extent to which the impact of noise resulting from the 

implementation of the relevant project is avoided or reduced is assessed by comparing multiple 

countermeasures in terms of the structure, layout, output, the number of units , and technical noise 

reduction measures in accordance with the maturity of the project plan. The assessment can also be 
done by examining to what extent better feasible technology can be incorporated, etc. Specifically, 

assessment is made from such viewpoints as whether the local noise level will not be significantly 

raised , whether the layout plan for the project secures a sufficient distance between the facility and 

residences , etc. 
On the other hand , no standards or criteria specific to wind turbine noise have been set from the 
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perspective of environmental protection by the national government. 

4. Future agenda 

4.1 Actions to be taken by operators and manufacturers of wind power facilities 

Operators and manufacturers will continue to be expected to accumulate survey data after the 
installation of wind power facilities, implement technical measures , such as developing low noise 
blades or implementing additional soundproof measures, and maintenance measures intended to 
reduce noise, etc. Furthermore, they are also expected to examine and develop technology supporting 
the broad promotion of efforts for noise control including the examination of an aerodynamic sound 
propagation prediction model reflecting locational conditions. 

4.2 Actions to be taken by administrative agencies (the government of Japan and local 

municipalities) 

4.2.1 Collecting and sharing information on wind power facilities, raising awareness 
It is necessary to develop and improve manuals for appropriately responding to complaints 

concerning wind power facilities. At the same time , it is necessary to examine a framework for 
sharing knowledge of technological countermeasures implemented by operators which can be 
applied to other facilities , to administer education and training programs to enhance local 
municipality officials' expertise further, to promote understanding by local residents through the 
dissemination of precise information on the auditory impression of wind turbine noise and similar 
matters as well as raising their awareness of such information, etc. 

It is possible that not only the magnitude and properties of sound but also visual elements are 
related to complaints about noise from wind power facilities. It is necessary to continue to gather 
knowledge on the impact of elements other than noise and examine responses. 

4.2.2 Perspective for the assessment of wind turbine noise 
At present, no standards or criteria specific to wind turbine noise have been set from the 

perspective of environmental protection by the national government. In light of the fact that wind 
power facilities are often installed in quiet areas , possible annoyance caused by 
amplitude-modulation sound (swish sound) and, if applicable, pure tonal components of wind turbine 
noise, it is necessary to examine a certain reference level for assessment of noise in consideration of 
the impact on the sound recipients. 

Furthermore, with regard to the sound environment in quiet areas, it is necessary to consider all 
facil ities, not limited to wind power facilities , located therein. It is necessary to examine what 
methods for investigating, predicting, and assessing the sound environment in quiet areas in Japan 
should be like while surveying examples in other countries. 

4.3 Actions to be taken by all parties concerned 

When it comes to wind turbine noise, it is important to facilitate communication among relevant 
stakeholders including operators of wind power facilities , manufacturers , local municipalities , local 
residents, in light of issues unique to sensory pollution. It has been reported that annoyance caused 
by wind turbine noise is low among residents who perceive wind turbines positively so that 
receptivity to the installation of a wind turbine facility is higher among them. There are cases where 
actions for maintaining a favorable relationship with local residents actually reduced complaints. 
Such actions include a wind power facility operator's holding briefing sessions , creating an optimal 
business plan based on the comprehensive analysis of the distance separating residences and the 
relevant establishment in conjunction with the installation and layout of a wind power facility, 
continuing to deal with complaints, and concluding an agreement with local residents and 
municipalities. It is necessary to enhance communication among the parties concerned in this light. 
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Abstract 

This technical report analyzes how ultrasound could have led to the AP news recordings 

of metallic sounds reportedly heard by diplomats in Cuba. Beginning with screen shots of 

the acoustic spectral plots from the AP news, we reverse engineered ultrasonic signals that 

could lead to those outcomes as a result of intermodulation distortion and non-linearities of 

the acoustic transmission medium. We created a proof of concept eavesdropping device to 

exfiltrate information by AM modulation over an inaudible ultrasonic carrier. When a second 

inaudible ultrasonic source interfered with the primary inaudible ultrasonic source, intermodu

lation distortion created audible byproducts that share spectral characteristics with audio from 

the AP news. Our conclusion is that if ultrasound played a role in harming diplomats in Cuba, 

then a plausible cause is intermodulation distortion between ultrasonic signals that unintention

ally synthesize audible tones. In other words, acoustic interference without malicious intent to 

cause harm could have led to the audible sensations in Cuba. 

1 Introduction 

This technical report analyzes how intermodulation distortion of multiple inaudible ultrasonic sig

nals could have unintentionally produced audible side effects and harm to diplomats. 
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In early 2017, diplomats in Cuba suffered hearing loss and brain damage after hearing strange

metallic sounds. The news media published reports ranging from scientific analysis of sound

recordings [16, 24, 27] to the diplomatic implications [11, 10, 12, 13]. The mystery deepened after

physicians published two dueling JAMA papers on neurological damage to diplomats [25, 18]. The

news media remained flummoxed on what may have caused the neurological damage [15, 17, 8].

Several news reports suggested that an ultrasonic weapon could have caused the harm. Other

experts suggested toxins or viruses. The cause remains a mystery. The substantiated facts

include:

• Ultrasonic tones are inaudible to humans.

• Diplomats in Cuba heard audible sounds.

Therefore, any sounds perceived by diplomats are not likely the ultrasound itself. We were left

wondering:

1. How could ultrasound create audible sensations?

2. Why would someone be using ultrasound for in the first place?

Assumptions and Limitations. We assume that the sound came from ultrasound, then work

backwards to determine the characteristics of the ultrasonic source that would cause the observed

audible sensations.

There could be added distortion in the AP audio, so we cannot assume the recordings reflect

what humans actually perceived. In one video, the AP news is seen playing a sound file from one

iPhone to a second iPhone, essentially making a recording of a recording. Each traversal through

a speaker or microphone will add distortion and filtering.

Our experiments focus on spectral properties rather than the effect of amplitude or distance. It

might be worthwhile to replicate our experiments with a high powered array of ultrasonic transduc-

ers. We do not explore non-ultrasonic hypotheses such as toxins, RF, or LRADs. We also do not

consider direct mechanical coupling such as sitting on an ultrasonic vibrator.
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Why Ultrasound? It is well known that audible sounds typically propagate omnidirectionally and

are difficult to confine to parts of a room. In contrast, ultrasound tends to propagate within a

narrower beam than audible sound and can focus a beam towards a more specific area. News re-

ports cited diplomats discussing sounds that were narrowly confined to a room or parts of a room.

This type of observation is strongly correlated with ultrasound. We believe that the high-pitched

audio signals confined to a room or parts of a room are likely created by ultrasonic intermodulation

distortion.

How to Produce Audible Sound from Ultrasound? Humans cannot hear airborne sounds at

frequencies higher than 20 kHz, i.e., ultrasound. Yet the AP news reported that “It sounds sort of

like a mass of crickets. A high-pitched whine, but from what? It seems to undulate, even writhe.”

The AP’s spectrum plot shows a strong audible frequency at 7 kHz. We believe that this 7 kHz

sound is caused by intermodulation distortion, which can down-convert the frequency of ultra-

sound into the audible range—resulting in high-pitched noises. Nonlinearity typically causes In-

termodulation distortion. The engineering question boils down to: assuming an ultrasonic source,

how can the audible byproducts consist of a mixture of several tones around 7 kHz separated by

180 Hz?

Sources of Ultrasound. There are many potential sources of ultrasound in office, home, and

hotel environments. Energy efficient buildings often use ultrasonic room occupancy sensors in

every room (Figure 1). Ultrasonic emitters can repel rodents and other pests. HVAC systems

and other utilities with pumps or compressors can vibrate entire buildings. Certain burglar alarm

sensors, security cameras, and automated doors use ultrasound for detection of movement.

Researchers from Illinois recently proposed using specially crafted ultrasound to jam micro-

phones [20]. If sounds from an ultrasonic jammer (Figure 2) were to collide with an eavesdropping

device attempting to covertly exfiltrate a signal over an ultrasonic carrier, these two signals could

combine to produce audible byproducts in both air and microphones. However, if there were

an ultrasonic jammer present, it would have likely jammed all nearby microphones, including the

microphone used to record the metallic sounds. This would make jammers an unlikely cause.
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Figure 1: Michigan Computer Science & Engineering Ph.D. student Connor Bolton notices that an ul-
trasonic room occupancy sensor in the ceiling had been bathing his experiments with unwanted 25 kHz
sounds.

When introducing additional ultrasonic interferce to an ultrasonic jammer, the signals might render

the jammer ineffective while causing unwanted audible byproducts to humans and nearby micro-

phones.

There are also hailing devices such as the Long Range Acoustic Device (LRAD) that many

people claim use ultrasound. There may be LRADs that use ultrasound, but modern LRADs tend

to use parametric audible sound below 3 kHz. Using an array of several dozen piezo speakers

that emit sound in a synchronized fashion to improve directionality, an LRAD can generate sound

waves where the wavelength is much smaller than the size of the speaker. Under such conditions

(which also tend to be true for ultrasonic emissions), the sound will propagate in a tight, directional

beam—allowing long distance delivery of sound.
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Figure 2: Commercial products with several ultrasonic transducers can jam nearby microphones. One
manufacturer sells a clutch, presumably for fashionable people to jam microphones at cocktail parties.

2 Spectral Analysis of AP News Audio

We initiate our study with two observations from the AP news: (1) the original audio recordings

and (2) description on the high-pitched sounds heard by those in Cuba. Our goal is to construct

ultrasonic signals that can lead to similar spectral and audible characteristics.

Audio clips. The AP News [16] published several recordings from Cuba described as high-

pitched or metallic cricket sounds1. As a common method to analyze signals, frequency spectrum

is obtained by Fourier transforms of the original sounds. The AP news performed the spectrum

analysis on a smartphone (Figure 3) and shown a spectrum plot centered at 7 kHz (Figure 4 and 5).

The spectrum plot demonstrates that there are roughly more than 20 different frequencies embed-

ded in the audio recording.

We acquired the audio from the AP News2, which claims include a recording of what some U.S.

embassy workers heard in Havana. The recording extracted from the video is 5 seconds long, and

sampled at 44.1 kHz with 32-bit floats. We analyzed the sound in time (Figure 6), frequency

(Figure 7), and time-frequency domains (Figure 8).

After zooming in and looking through the time signal, we found nothing remarkable. No mod-

ulation appears in the waveform (at least not ASK), and the waveform does not resemble FSK or
1https://www.apnews.com/88bb914f8b284088bce48e54f6736d84
2https://www.youtube.com/watch?v=Nw5MLAu-kKs
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Figure 3: Screen shot of the AP news itself showing a screen shot of a recording of yet another recording
from Cuba. Note that the recording device appears to have removed the spectrum above 14 kHz.

Figure 4: Screen shot of the AP news showing the Fourier transform of what appears to be a recording of
sounds heard in Cuba.
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Figure 5: Screen shot of the AP news analyzing a different recording showing emphasis on spectrum near
7 kHz.

Figure 6: The time domain signal of metallic sounds extracted from the AP News video.
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Figure 7: The spectrum of metallic sounds extracted from the AP News video. The spectrum of the AP
news audio ends abruptly at 15 kHz. We suspect this is an artifact of either the AP audio filtering, YouTube
audio filtering that is known to roll off beginning at 16 kHz, or iPhone audio filtering that begins to roll off at
21 kHz on our equipment.

PSK, among other common modulation schemes. We wondered for a moment if someone might

be playing a joke on us with fake audio if after demodulation, a message were to tell us it’s all a

joke. So for giggles, we tried AM demodulation. The resulting signal sounds like a F1 engine and

is not likely meant as a message.

The spectral plot (Figure 7) shows major frequency components around 7 kHz. The peaks

(6,704 Hz, 6,883 Hz, 7,070 Hz, 7,242 Hz, 7,420 Hz) are separated by approximately 180 Hz.

However, in the waterfall plot (Figure 8), the major frequencies (in yellow) do not change over

time. This lack of change again suggests that there is no frequency-related modulation, such as

FM or FSK. So wherever the sound comes from, it produces a mixture of several tones around

7 kHz separated by 180 Hz.
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Figure 8: The spectrogram-time plot (waterfall) of metallic sounds extracted from the AP News video.

3 Simulation: Intermodulation Distortion of Ultrasound

Intermodulation distortion (IMD) is the result of multiple signals propagating through nonlinear sys-

tems. Without loss of generality, a nonlinear system can be modeled as the following polynomial

equation:

sout = a1sin + a2s
2
in + a3s

3
in + · · ·+ ans

n
in

where sin is the system input and sout is the system output. The ans
n
in for n > 1 is called the

nth order IMD. When sin contains multiple frequency tones, the IMDs introduce new frequency

components.

3.1 Simulation of 20 kHz and 21 kHz IMD

To illustrate the principle of intermodulation distortion independent of what may have happened

in Cuba, let sin = s1 + s2, where s1 = sin(2πf1t) and s2 = sin(2πf2t). When f1 = 20 kHz and

f2 = 21 kHz, the spectrum of sin will have two spikes with one at 20 kHz and another at 21 kHz
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Figure 9: Spectrum of our input signal with pure tones at 20 kHz and 21 kHz to illustrate effects of IMD in
a nonlinear medium.

(Figure 9).

After the signals pass through the nonlinear system, sout will contain new frequency compo-

nents that are determined by the order of IMD. Figures 10–11 show the spectrum of the 2nd, 3rd,

4th, and 5th IMDs. For example, the 2nd order IMD introduces new frequencies at f2− f1 (1 kHz),

f2 + f1 (41 kHz), 2f1 (40 kHz), and 2f2 (42 kHz). Notice that f2 − f1 is below 20 kHz and audible.

The 4th order IMD introduces both f2 − f1 (1 kHz) and 2f2 − 2f1 (2 kHz).
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Figure 10: Spectrum of the (L) 2nd and (R) 3rd order IMD for (f1, f2) = (20 kHz, 21 kHz).

Tech. Report CSE-TR-001-18 On Cuba, Diplomats, Ultrasound, and Intermodulation Distortion (10/30)

EXHIBIT A5-8

Page 10 of 30

+ 

+ 

+ 

 
015019



Manuscript March 1, 2018

0 10000 20000 30000 40000 50000 60000 70000 80000 90000

Frequency (Hz)

-160

-140

-120

-100

-80

-60

-40

-20

0

20
A

m
pl

itu
de

 (
dB

)

0 10000 20000 30000 40000 50000 60000 70000 80000 90000

Frequency (Hz)

-160

-140

-120

-100

-80

-60

-40

-20

0

20

A
m

pl
itu

de
 (

dB
)

Figure 11: Spectrum of the (L) 4th and (R) 5th order IMD for (f1, f2) = (20 kHz, 21 kHz).

3.2 Simulation of IMD of Three Ultrasonic Tones

In practice, most signals contain multiple tones. To illustrate the effects of IMD on three ultrasonic

tones, let us explore the case of three signals at 25 kHz, 32 kHz, and 32.18 kHz. That is, sin =

s1+s2+s3, where s1 = sin(2πf1t), s2 = sin(2πf2t), and s3 = sin(2πf3t), f1 = 25 kHz, f2 = 32 kHz,

and f3 = 32.18 kHz. We selected 32.18 kHz to mimic the observation of a 180 Hz separation in

the AP news spectrum.
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Figure 12: Audible spectrum of the (L) 2nd and (R) 3rd order IMD for 25 kHz, 32 kHz, and 32.18 kHz tones.

When there are more than two signals, intermodulation happens between each pair of the

signals. In our case, the 2nd order IMD introduces new frequencies (below 20 kHz) at f2 − f1
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Figure 13: Audible spectrum of the (L) 4th and (R) 5th order IMD for 25 kHz, 32 kHz, and 32.18 kHz tones.
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Figure 14: Audible spectrum of the (L) 6th and (R) 7th order IMD for 25 kHz, 32 kHz, and 32.18 kHz tones.

(7 kHz), f3 − f2 (180 Hz), and f3 − f1 (7.18 kHz). If there are more signals (e.g., another f4 =

31.82 kHz), more IMD products are generated — f4 − f1 (6.82 kHz), and f3 − f4 (360 Hz), and

existing IMD frequencies are enhanced ( f2 − f1 (180 Hz)). The higher order IMD products (4th,

6th, 8th, etc.) will generate more frequencies around the existing ones (7 kHz and 180 Hz) with a

separation of 180 Hz, and create new frequencies. For example, the 4th order IMD introduces new

frequencies (below 20 kHz) at f3 − f2 (180 Hz), f3 − f2 (360 Hz), 2f2 − f3 − f1 (6.82 kHz), f2 − f1

(7 kHz), f3 − f1 (7.18 kHz), 2f3 − f2 − f1 (7.36 kHz), 2f2 − 2f1 (14 kHz), f2 + f3 − 2f1 (14.18 kHz),

and 2f3 − 2f1 (14.36 kHz). With the increase of IMD orders, there will be more frequency peaks
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Figure 15: Audible spectrum of the 8th order IMD for 25 kHz, 32 kHz, and 32.18 kHz tones.

rippling around 180 Hz, 7 kHz, and 14 kHz. Each ripple will be separated by 180 Hz.

Now consider the audible frequencies produced by all the IMDs up to and including the 8th

order summed together in Figure 16. The peaks near 7 kHz are beginning to resemble the AP

news spectrum.
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Figure 16: Log-scale cumulative audible spectrum of 2nd though 8th order IMD for 25 kHz, 32 kHz, and
32.18 kHz.
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Figure 17: Calculated spectrum of 25 kHz tone and 180 Hz AM modulated over a 32 kHz carrier.

3.3 Simulation of IMD of Ultrasonic Modulation

To generate similar intermodulation of three ultrasonic tones, it is feasible to explore the IMD for

two signals where one is modulated on an ultrasonic carrier. In particular, to generate signals

similar to the recording, i.e., signals centered at 7 kHz with a serial of multiples of 180 Hz signals

nearby, we can utilize two signals and their intermodulation. Let sin = s1 + s2. One of the signals

can be a single tone, s1 = sin(2πf1t), and the other will be a signal that is modulated with a single

tone of 180 Hz. In particular, we utilize amplitude modulation (AM) that produces double-sideband

and transmitted carrier. For example, when the baseband signal is a single tone at fm = 180 Hz,

and the carrier signal is at fc = 32 kHz, AM with transmitter carrier will produce an output of

s2 = sin(2πfct) + sin(2πfct) sin(2πfmt), which can be seen as the combination of three signals at

fc (32 kHz), fc + fm (32.18 kHz), and fc − fm (31.82 kHz), as shown in Figure 17. When IMD

happens between such an AM signal and a f1 = 25 kHz single tone, the result will be exactly the

same as the previous example — signals around 7 kHz, 180 Hz, 14 kHz, and more.

The spectrum of the simulated IMD through the 7th order products with input of 25 kHz and

180 Hz AM modulated on a 32 kHz carrier is depicted in Figure 18 and Figure 19 (log-scale).

If the baseband signal is not a 180 Hz tone, but music or something else with many tones, it

will only change the separation (fm) of the smaller peaks. The recovered signals always remain at

around 7 kHz, 14 kHz, and 18 kHz. If we only consider the strongest 2nd order product, there will
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Figure 18: Cumulative audible spectrum of 2nd though 7th order IMD for 25 kHz tone and 180 Hz AM
modulated over a 32 kHz carrier.
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Figure 19: Log-scale cumulative audible spectrum of 2nd though 7th order IMD for 25 kHz tone and 180 Hz
AM modulated over a 32 kHz carrier.
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be signals at only around 7 kHz.

3.4 Discussion of Simulation Results

Different systems (e.g., recording devices) have different nonlinear properties that determine the

strength of each order of IMD products. In the simulations, we use ai coefficients of unity weight

for the strengths. If we were to obtain the recording devices and emitters from Cuba, we could

deduce the coefficients. We surmise that the reason that there are no obvious frequencies at

4 kHz, 11 kHz, and 18 kHz in the original AP news recording is because the intermodulation

products at the odd orders are weak relative to the 2nd and 4th order IMDs on whatever devices

recorded sounds in Cuba.

The IMD can also happen multiple times. IMD may occur during air-borne transmission. The

IMD can happen again inside the circuitry of a microphone as well as in the human inner ear itself.

Thus, the perceived sounds will differ depending upon where one is listening and what are the

characteristics of the microphone.

3.5 Summary of IMD Simulation

Our simulations confirmed the feasibility of reproducing the acoustic spectrum of the AP news

recording with the intermodulation distortion of multiple ultrasonic signals. Notice that in the spec-

trum of the AP news recording, there were also frequency components at 180 Hz (not obvious),

360 Hz, 540 Hz, and around 14 kHz.

4 Experiments

With the theories validated by the Matlab simulations, our next step was to generate real ultrasonic

signals that caused audible sensations that mimic the sounds heard in Cuba.
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Figure 20: Our benchtop equipment to carry about the proof of concept reproduction of tones heard in
Cuba. Note, we would expect emitters to be smaller than a paperback book in practice, if not smaller. We
use large equipment because of our general-purpose laboratory.

4.1 Experimental Setup

Our experiments tested several different emitters and frequencies. We primarily use one wide-

band ultrasonic speaker in combination with a multitude of fixed ultrasonic transducers to artificially

create IMD. Our fixed transducers are centered at 25 kHz or 32 kHz depending on the experiment.

Each fixed transducer has enough tolerance to support 180 Hz sidebands from AM modulation.

The wide-band ultrasonic speaker is a Vifa Speaker3. The 25 kHz and 32 kHz transducers are

driven at 7 Vpp. At least two ultrasonic signals are necessary to reproduce our experiment. We use

a basic function waveform generator for the fixed 25 kHz ultrasonic transducer, and a modulation-

capable signal generator for the dynamic ultrasonic source. We used a Keysight N5172B EXG

X-Series RF Vector Signal Generator for the AM modulation, but many function generators also

have modulation capabilities. We validated the sound waves generated by our experiment with a

measurement microphone with a frequency response of 4 Hz–100 kHz4.
3https://www.avisoft.com/usg/vifa.htm
4National Instruments Inc., G.R.A.S. 46BE 1/4” CCP Free-field Standard Microphone Set,

http://www.ni.com/pdf/manuals/G.R.A.S._46BE.pdf
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We used SpectrumView and Ultrasonic Analyzer to produce the Fourier transforms of the

sounds we measured with the microphone in our lab. Note, microphones can also add distor-

tion and may differ from what a human would have heard in the room. In our Fourier transforms of

the IMD recorded by our measurement microphone, we noticed very clear a 7 kHz tone and a few

peaks that are 180 Hz, 360 Hz, 540 Hz, 720 Hz away from 7 kHz.

4.2 Experiment with Three Ultrasonic Tones

As shown in Figure 21, we generate ultrasound at three different frequencies (25 kHz, 32 kHz,

32.18 kHz) with three devices—two 32 kHz ultrasonic transducers (for 32 kHz and 32.18 kHz)

and a wide-band ultrasonic speaker (for 25 kHz). A smartphone with recording and spectrum

analysis applications listen to the ultrasonic sources, which are driven by two signal generators.

The spectrum, the magnified spectrum around 7 kHz, and the waterfall plot appear in Figures 21–

23. The experimental findings are consistent with results of simulation, except for the 3.5 kHz and

11 kHz signals, which might be caused by imperfections of the ultrasonic speakers. Notice that

the logarithmic scale spectrum resembles what we observed in the simulations, which supports

the nonlinearity model.

4.3 Experiment with Modulation

Our experiments tested a couple modulation schemes, including AM and FM. The FM (Figure 25)

does not appear to match well with the AP News recording, but the AM modulation does (Fig-

ure 24).

4.4 Experiments with Video Demonstrations

The following videos show our experiments in action. The white appliance is the Keysight N5172B

EXG X-Series RF Vector Signal Generator for the AM modulation, and it is connected to the silver

ultrasonic speaker with orange rims on the right (the ultrasonic Vifa Speaker); the grey appliance

is the signal generator that drives the fixed ultrasonic transducers. Note, in the picture above, we
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Figure 21: Spectrum recorded during an IMD experiment playing three ultrasonic tones (25 kHz, 32 kHz,
32.18 kHz).

Figure 22: Magnified spectrum of the signals near 7 kHz during an IMD experiment playing three ultrasonic
tones (25 kHz, 32 kHz, 32.18 kHz)
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Figure 23: Waterfall plot during an IMD experiment playing three ultrasonic tones (25 kHz, 32 kHz,
32.18 kHz).

have two fixed ultrasonic transducers instead of one. The black smartphone in the middle serves

as a spectrum analyzer.

Science of Synthesizing Audible Sounds from Ultrasonic Intermodulation Distortion. How

can inaudible ultrasonic signals lead to audible byproducts? When multiple ultrasonic tones pass

through a nonlinear medium such as air or a microphone, the result is intermodulation distortion5.

In our experiment, we have two signals. One is a 180 Hz sine wave AM modulated over a 32 kHz

ultrasonic carrier. The second is a simple 25 kHz ultrasonic sine wave. The smartphone displays

the Fourier transform of repeated intermodulation distortion in the air and smartphone microphone

circuitry. The 2nd order intermodulation distortion includes the difference between the two signals,

which appears centered at 7 kHz and peppered with sidebands from the modulated 180 Hz. The

higher order intermodulation distortion products create additional ripples in the spectrum at 7 kHz

as well as several other frequencies. Matlab simulations predict the strong 7 kHz intermodulation

distortion product, and we suspect the 4 kHz tones are the result of secondary intermodulation
5https://youtu.be/wA2MZshrafk
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Figure 24: Spectrum of sounds heard by a smart phone when playing 25 kHz and 180 Hz AM modulated
on a 32 kHz carrer. The IMD spectrum resembles the ripples near 7 kHz in the AP news spectrum.

Figure 25: Spectrum of sounds heard by a smart phone when playing 25 kHz and 180 Hz FM modulated
on a 32 kHz carrer.
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distortion in the microphone.

At the beginning of the video, only the AM modulated signal (32 kHz carrier & 180 Hz sinusoidal

baseband) is played through the ultrasonic Vifa Speaker, and the modulated ultrasounds cannot

be heard or seen on the spectrum, which is out of the range of the spectrum plots. Once the signal

generator starts to drive the fixed ultrasonic transducer to transmit a 25 kHz tone, we observe the

IMD, as the spectrum analyzer shows, and can hear the high-pitched sounds.

Localized Audible Sounds Synthesized from Ultrasonic Intermodulation Distortion. Us-

ing two signal generators of low-intensity ultrasonic tones, we demonstrate synthesis of audible

byproducts below 20 kHz6. Note, there are likely two cascading instances of intermodulation dis-

tortion: Once in the air that nearby humans can perceive, and a second time in the microphone of

this smartphone. Thus, recordings of sound in Cuba are unlikely to match perfectly what humans

perceived. In this experiment, our smartphone sensed a 4 kHz tone, but the student conducting

the experiment could not hear a 4 kHz tone. Also note that the smartphone microphone has a

frequency response that tapers off quickly after 20 kHz.

Absence of Audible Intermodulation Distortion from Single Ultrasonic Tone. Using two sig-

nal generators of ultrasonic tones, we demonstrate that the audible byproducts disappear when

we disable one of the ultrasonic sources7. This is because at least two signals are necessary to

elicit intermodulation distortion from a nonlinear medium such as air or microphone amplification

circuitry.

Covertly Exfiltrating a Song with an Ultrasonic Carrier. This proof of concept shows two

things: (1) how ultrasound can be used to covertly exfiltrate data (in this toy example, the audio

from a memetastic song serves as a stand-in for eavedropping a conversation) and (2) how the

covert channel becomes audibly overt when a second ultrasonic tone interferes. In this video8,

there are three microphones, two ultrasonic transmitters, and one audible speaker. One GRAS
6https://youtu.be/ZTLjs4dbnEA
7https://youtu.be/o9jqwk83PSM
8https://youtu.be/w7_J1E5g8YQ
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ultrasonic microphone, one audible microphone on the iPhone plotting the FFT, and one audible

microphone on the video recording device. The Vifa dynamic ultrasonic speaker emits the music

modulated on an ultrasonic carrier. A small ultrasonic emitter sends out a single 32 kHz tone.

A computer processing the ultrasonic signals from the G.R.A.S. microphone demodulates the

signal and plays the resulting data, which is the song except when IMD causes corruption of the

demodulation.

4.5 Discussion of Experiments

Our ultrasonic experiments create small, focused areas where one can perceive the audible

sounds. Only where the ultrasonic beams cross do the sounds become apparent. Moving even a

few inches from the beam can change the pitch, intensity, and sensation.

Our experiments were carried out in a lab at extremely low amplitudes to ensure the safety of

the researchers.

The IMD products generated in our lab differ from the AP news recording in that we notice a

set of tones at 4 kHz. IMD can happen between two signals and among more than two signals. To

illustrate, we carried out experiments with multiple ultrasonic signals. While the student carrying

out the experiment did hear the 7 kHz tone with his own ears, he could not hear the 4 kHz tone.

We suspect that non linearities in our measurement microphone created this additional 4 kHz IMD.

This observation is consistent with IMD we have found in other microphones from our previous

research on ultrasonic cybersecurity [28].

5 Safety and Neurological Implications

There are two important questions that affect humans. What types of ultrasound can lead to

hazardous situations or harm, and what are the neurological effects on humans?

Safety: Hazards, Hazardous Situations, Harm. We find little consensus on the risks of human

exposure to air-borne ultrasound [21, 1]. Airborne ultrasonic waves on their own are not neces-
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sarily harmful, but it may become harmful at large intensity or when in direct contact exposure to

a vibrating source. In direct contact exposure rather than by air, ultrasound can cause thermal in-

juries [1]. OSHA warns of potential harm from subharmonics of ultrasound [3], and appears to set

a safety threshold in an abundance of caution. Health Canada [1] sets stricter safety requirements

for the intensity of airborne ultrasound based on “plausible” risks of heating and cavitation as well

as auditory and subjective effects. Canada sets a conservative 110 dB safety limit on emissions

of airborne ultrasound.

According to the news [16], “The AP reported last month that some people experienced attacks

or heard sounds that were narrowly confined to a room or parts of a room.” Such a sensation is

typical for ultrasound because ultrasound is more directional than audible sound and infrasound.

Ultrasound can be focused on a certain area. Therefore, ultrasound would match the symtoms of

discomfort.

Neurological Effects of Ultrasound. Researchers analyzed the effects of intense sounds on

humans, but we find that the outcomes include large safety margins to make up for lack of con-

sensus [4]. The Handbook Human Vibration [9] and an ISO standard [2] explore the physiological

effects of low frequency vibrations and sounds. We have found little in the way of reproducible

control trials for ultrasonic vibrations aside from folklore. Neurologists who examined the injured

diplomats published their findings in JAMA [25], and suggest that the neurological damage is real.

However, there are limitations to the retroactive study [18]—namely, causality is difficult to es-

tablish without a control trial or elimination of other null hypotheses. Our report does not itself

contribute any new findings on neurological harm.

6 Alternative Explanations

While our results do not rule out other potential causes, the results do rule in the notion that

ultrasound without harmful intent could have led to accidental harm to diplomats in Cuba.

We originally suspected subharmonics of ultrasound as the cause, but this hypothesis would

not align well with the spectral analysis by the AP news. Rather than evenly spaced ripples in the
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frequency domain, we would expect to see frequencies at 1/n submultiples of the fundamental

frequency for integers n if subharmonics were to blame.

180 Hz happens to be the high end of the fundamental frequencies of average male conver-

sational voices. It may be coincidence that the tones are 180 Hz apart, but it could also indicate

some kind of voice eavesdropping modulated over ultrasound and gone awry.

7 Related Work

The notion of using audible and inaudible sound to cause auditory and sensory illusions is not

new. Our results build upon the following research.

Research from the music community used AM modulation on ultrasound to generate focused

audible sound [19]. This research evolved into a company called Holosonics9 with a product called

Audio Spotlight for music, personalized sound, and museum exhibits, among other artistic applica-

tions. Companies such as the LRAD Corporation10 produce products that deliver higher intensity

sounds with military application to crowd control and long-distance hailing at sea. However, mod-

ern LRADs use audible parametric sound rather than ultrasound. Projects such as Soundlazer11

allow the hobbyist engineer to play with ultrasonic generation of audible tones. Musicians have

also used intermodulation distortion of audible tones to synthesize additional audible tones from

nonlinearities of the inner ear [14]. Campbell even describes his realization of hearing synthe-

sized combination tones (also known as intermodulation distortion) while listening to a movement

in Sibelius’s Symphony #1 [6].

Several researchers use ultrasound to fool sensors such as microphones. The BackDoor paper

from Illinois [20] uses ultrasound and intermodulation distortion to jam eavesdropping microphones

and watermark music played at concerts. A team from Korea uses both audible and ultrasonic

tones to cause malfunctions in flight stability control of drones by acoustic interference at the

resonant frequency of MEMS gyroscopes [22].
9https://www.holosonics.com/

10https://www.lradx.com/
11http://www.soundlazer.com/
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In our past research, we use audible and ultrasonic tones to test the cybersecurity of computer

systems. The DolphinAttack paper [28] uses ultrasound and intermodulation distortion to inject in-

audible, fake voice commands into speech recognition systems including Siri, Google Now, Sam-

sung S Voice, Huawei HiVoice, Cortana, Alexa, and the navigation system of an Audi automobile.

Researchers from Princeton [23] investigate inaudible voice commands from ultrasound on An-

droid phones and Amazon Echo. The Walnut paper [26] exploits nonlinear amplifiers, permissive

analog filters, and signal aliasing to adulterate the output of MEMS accelerometers with sound

waves at the resonant frequency of the sensor found in applications such as Fitbits, airbags, and

smartphones. The sensors effectively serve as unintentional demodulators of the sound. Our up-

coming Blue Note [5] paper analyzes the physics of why hard drives and operating systems get

corrupted or spontaneously reboot when subjected to certain ultrasonic tones or by clicking on a

link to a web site that plays maliciously crafted sound through the victim computer’s mechanically

coupled speakers.

We have urged more attention to the physics of cybersecurity [7], and the events in Cuba

provide more evidence of the need to understand the causal relationships between physics and

cybersecurity.

8 Unresolved Questions

Our report only rules in ultrasound and intermodulation distortion as a cause. It does not eliminate

other hypotheses. In particular, several mysteries remain:

• How could ultrasound penetrate walls into homes and offices? Could an emitter be outside

the premises or planted inside? Was it primarily air-borne, or did it originate as contact

vibration?

• At what level of intensity could IMD products cause harm to humans? We know of no non-

trivial lower bounds. Based on our reading of various safety documents, we believe most

countries set conservative thresholds for airborne ultrasound from an abundance of caution

and to compensate for uncertainty. While there are anecdotes and folklore for harm from
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airborne ultrasound, we have found no primary sources that confirm this aside from stories

about extremely intense sounds above 155 dB.

• What about standoff distance? Our report does not investigate distance. We do not have a

facility to safely test high intensity ultrasound, but might look into it in the future if can borrow

an airport runway.

• Could audible tones be a symptom or cause? Without a control study, it would be difficult to

distinguish a cause from a symptom. It’s possible that the audible sensations are byproducts

from contact vibration or some other ultrasonic source.

9 Conclusion

Two inaudible ultrasonic signals mixing in a nonlinear medium could easily lead to an audible in-

termodulation distortion product. Although little is known about how audible sound waves can

cause neurological damage rather than merely be correlated with neurological damage, the safety

community has studied how certain audible sounds can cause pain and hearing damage. Thus,

ultrasonic intermodulation distortion could produce harmful, audible byproducts. The safety warn-

ings on audible frequencies and intensities would apply to these byproducts.

While our experiments do not eliminate the possibility of malicious intent to harm diplo-

mats, our experiments do show that whoever caused the sensations may have had no

intent for harm. The emitter source remains an open question, but could range from covert ul-

trasonic exfiltration of modulated data to ultrasonic jammers of eavesdropping devices or perhaps

just ultrasonic pest repellents. It’s also possible that someone was trying to covertly deliver data

into a localized space using ultrasound to say, activate a sensor or other hidden device. Our ex-

periments show that tones modulated on an ultrasonic carrier by one or more parties could have

collided invisibly to produce audible byproducts. These audible byproducts can exist at frequen-

cies known to cause annoyance and pain. Other theories include solid vibration (e.g., unwittingly

standing on a covert transmitter) at ultrasonic frequencies for prolonged periods—leading to bodily

harm. In such a case, audible intermodulation distortion could represent a harmless side effect
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rather than the cause of harm. Although our tests focus on frequencies rather than amplitudes or

distances, we believe that high amplitude ultrasonic signals could easily produce high amplitude

audible signals as unintentional byproducts capable of harm to hearing.
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The worldwide expansion of wind energy has met with opposition based on concerns 
that the infrasound generated by wind turbines causes health problems in nearby resi
dents. In this paper, we argue that health complaints are more likely to be explained by the 
nocebo response, whereby adverse effects are generated by negative expectations. When 
individuals expect a feature of their environment or medical treatment to produce illness 
or symptoms, then this may start a process where the individual looks for symptoms or 
signs of illness to confirm these negative expectations. As physical symptoms are common 
in healthy people, there is considerable scope for people to match symptoms with their 
negative expectations. To support this hypothesis, we draw an evidence from experimental 
studies that show that, during exposure to wind farm sound, expectations about infrasound 
can influence symptoms and mood in both positive and negative directions, depending on 
how expectations are framed. We also consider epidemiological work showing that health 
complaints have primarily been located in areas that have received the most negative pub
licity about the harmful effects of turbines. The social aspect of symptom complaints in 
a community is also discussed as an important process in increasing symptom reports. 
Media stories, publicity, or social discourse about the reported health effects of wind tur
bines are likely to trigger reports of similar symptoms, regardless of exposure. Finally, 
we present evidence to show that the same pattern of health complaints following nega
tive information about wind turbines has also been found in other types of environmental 
concerns and scares. 
Keywords: wind fanns, infrasound, nocebo effect, psvchological expectations, health scares, svmptom reporting, 

environmental risks, media warnings 

INTRODUCTION 

In recent years, challenges to new wind farm developments have 
been mounted on the basis that exposure to sound, and particu
larly infrasound, generated by wind turbines poses a health risk 
( l ). Unfortunately, addressing concerns about health effects has
been complicated by a lack of clarity about what might be caus
ing the symptoms reported. Perceived adverse health effects said
to be experienced by people living near wind turbines include
symptoms such as sleep disturbance, headache, earache, tinni
tus, nausea, dizziness, heart palpitations, vibrations within the
body, aching joints, blurred vision, upset stomach, and short
term memory problems (2). In this article, we explore factors
that might explain symptom reporting attributed to wind farms
and put forward the case for the nocebo expectations hypothesis;
that symptom reporting can be explained by negative expecta
tions, rather than any pathophysiological link between symptoms
and wind farm sound. Research consistently indicates that the
expectation of adverse health effects can itself produce negative
health outcomes, which is a phenomenon known as the nocebo
effect (3 ). Negative expectations generating nocebo responses have
been shown to have a powerful influence on health outcomes in
clinical populations (4), and reported symptom experiences in
community samples (5).

www.frontiersin.org 

THE LINK BETWEEN WIND FARM SOUND AND HEALTH 

COMPLAINTS 

When investigating the cause of symptom reporting attributed 
to any purported environmental hazard, it is axiomatic that the 
existence of a biological basis for symptomatic experiences is thor
oughly explored, so that an organic cause of symptoms is not 
erroneously discounted (6). Given that symptom reporting has 
been attributed to wind farm sound (2), it is necessary to consider 
the evidence for any direct relationship between exposure to such 
sound and symptom reporting. Given reductions in mechanical 
noise, as a result of refinements to wind turbine design, aerody
namic sound is now the dominant source of noise from modern 
wind farms (7). This aerodynamic noise, which is generated as 
a result of the flow of air past the turbine blades, is present 
across a range of frequencies, from the audible to sub-audible 
infrasound (1'). 

At this time, studies have not found a direct causal link between 
living in the vicinity of wind farms, audible wind farm sound 
exposure, and physiological health effects (I). Audible sound 
levels, assessed at the nearest residence, have been consistently 
found to fall within accepted health and safety limits for ambi
ent background noise, and evidence does not support a direct 
link between such sound exposure and symptom reporting (9). 
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To elaborate further, although a small proportion of people report
being annoyed by wind farm sound, particularly by detectable fluc-
tuations of sound in the mid-frequency range (500–1000 Hz), the
evidence does not indicate that exposure to such sound is directly
causing adverse physiological effects in those living in the vicin-
ity of wind farms (8). In addition, despite concerns that audible
low frequency noise (20–200 Hz) produced by wind turbines is
triggering symptomatic experiences, this is not supported by the
scientific evidence (10).

Further, the evidence does not substantiate conjecture that
exposure to sub-audible wind farm generated infrasound (sound
below 20 Hz) is responsible for health complaints. It is important
to note that exposure to infrasound is an everyday experience.
Infrasound is constantly present in the external environment,
caused by phenomena such as weather variations, air turbulence,
ocean waves, traffic, and other machinery (11). Notably, the body
and vestibular systems have evolved to prevent disturbance from
infrasound generated from internal processes, such as respiration
and heart rate, which is produced at higher levels than infrasound
generated by wind farms (12). While sound in the infrasonic range
may become audible at sufficiently high pressure levels, infrasound
produced by wind turbines is below the threshold of human per-
ception (11, 13), and research does not support the existence of
adverse health effects of exposure to infrasound at sub-audible lev-
els (14). Importantly, a recent investigation found the contribution
of wind turbines to measured infrasound levels at residential loca-
tions near wind farms was insignificant in comparison with the
background level of infrasound in the environment (15). Given
consistent evidence that infrasound produced by wind turbines
does not exceed typical levels of infrasound found in every-
day urban or rural environments, health impacts of infrasound
produced by wind turbines are not indicated (12, 16).

As the evidence does not support a direct link between audible
or sub-audible sound generated by wind turbines and reported
symptomatic experiences by people living in the vicinity of wind
farms, it is apparent that factors beyond exposure to wind turbine
sound are implicated in symptom reporting.

PERCEPTION OF HEALTH RISK AND EXPECTATIONS
There is accruing evidence that some people facing the prospect
of a new wind farm near their residence, or currently living within
the vicinity of a wind farm, are genuinely fearful of the potential
health effects of operating wind turbines (1). This has relevance as
evidence shows a relationship between assessment of health risk
and symptom reporting, which does not depend upon whether
a health risk is genuine (17). This is seen in community exam-
ples where there has been an error about exposure to a perceived
toxic agent. In one such case, symptom complaints attributed to
exposure to electromagnetic radiation from a mobile phone tower
occurred when the tower itself was not yet active (18).

In fact, extreme increases in symptom reports, in instances of
both genuine and perceived toxic exposure to harmful agents, have
been repeatedly shown in community settings (19) with strength
of environmental concern being a critical factor in predicting the
occurrence of symptom complaints (20). This was highlighted in a
study in which participants, from 10 villages in Germany, had their
sleep monitored over 12 nights during which they were exposed

to sham signals and electromagnetic field signals from an exper-
imental base station (21). There was no evidence for short-term
physiological effects of electromagnetic fields emitted by mobile
phone base stations on sleep quality, but findings demonstrated
a negative influence on objective and subjective sleep quality in
subjects who were concerned that proximity to mobile phone base
stations might negatively affect health.

Evidence shows that health-related worries about perceived
environmental hazards inform negative expectations, which in
turn draw attention to body processes and shape how individuals
decipher symptoms [e.g., Ref. (22)]. Negative expectations trans-
late into symptomatic experiences, because focused attention to
the body has the tendency to draw awareness to common sensa-
tions that might otherwise go unnoticed (23). Further, increased
anxiety itself causes a rise in physiological activity giving rise to
symptoms such as dry mouth and rapid heart-beat (23). Evidence
suggests people may misinterpret symptoms of hypervigilance and
anxiety as a sign of illness, particularly if symptoms experienced
are consistent with concerns about health (24).

Recently, there has been a noticeable rise in the number of peo-
ple expressing concern about health effects presented by the sound
generated by wind farms, and fears about health risk have emerged
as a key predictor of opposition to wind farm development (25,
26). Such fears are more prominent in countries where wind farms
are relative new comers on the landscape, which aligns with con-
sistent evidence of associations between the introduction of new
technologies, community concern about related health risks, and
symptom reporting (27, 28).

MATTER OF EXPECTATION
While the operation of modern commercial wind farms com-
menced more than 20 years ago in several nations, widespread
claims that exposure to wind farm sound produces adverse, often
acute and immediate, symptomatic experiences, are much more
recent (29). This change is reflected in the shifting focus of com-
munity opposition to wind farms over time. Historically, com-
munity opposition to wind farms has centered on concerns about
depreciation of property values, problems with esthetic integra-
tion on the landscape, and apprehension about the intrusiveness
of noise produced by wind turbines (30, 31). However, in recent
years, concern about the adverse health risk of exposure to wind
turbine sound has repeatedly emerged as a new focal point of com-
munity opposition to wind farms, indicating a change in the way
in which wind farms are now perceived (1).

Such concern, as well as a dramatic amplification of symptom
reports (29), coincided with the promotion in 2009 of the self-
published book Wind Turbine Syndrome-A Natural Experiment
(2), also available and summarized on the internet. The book por-
trays infrasound produced by wind turbines as a threat to health,
and explicitly sets out the physical symptoms and health effects
to be expected by those living in proximity to a wind farm. Given
that wind farms simultaneously generate infrasound and audi-
ble sound, negative health information about infrasound is likely
to influence the perception of wind farm sound in its entirety.
Further, although the narrative of the book emphasizes the perni-
ciousness of the sub-audible components of wind farm sound, it
also sets out health concerns about audible sound, particularly low
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frequency audible wind farm sound. Thus, health concerns trig-
gered by the type of information contained in the book are likely
to inform negative expectations extending to both the audible and
sub-audible components of wind farm sound exposure.

The concurrence of the publication of Wind Turbine Syndrome-
A Natural Experiment and an increase in symptom reporting
attributed to wind farms (29) supports the argument that symp-
toms are more likely due to negative expectations triggered by
health information, rather than being caused by pathogenic expo-
sure to wind farm sound. This is exemplified in a study assessing
historical complaints, in relation to 51 Australian wind farms oper-
ating from 1993 to 2012 (29). Findings illustrated that, prior to
2009, health and noise complaints were rare, despite small and
large wind farms having operated in Australia for many years. The
study found that 90% of complainants made their first complaint
post 2009, after anti-wind farm campaigners disseminated infor-
mation about the purported health effects of wind farms. Further,
the majority of complaints were confined to the six wind farms
targeted by anti-wind farm campaigners, indicating complainants
had accessed negative health information (29).

Additional support for the involvement of negative expec-
tations, in relation to the increase in symptom reporting seen
since 2009, is also provided by recent field research demonstrat-
ing that people higher in negative-oriented personality traits are
more likely to report higher levels of perceived noise (unrelated
to actual noise levels) and more non-specific physical symptoms
around wind farms (32). Experimental research demonstrates that
individuals with higher levels of negative affect are more suscep-
tible to the influence of expectations about health effects created
by suggestion and more likely to report expectation consistent
symptoms (33).

The ascription of a disease label “Wind Turbine Syndrome” is
a powerful way to create health concerns and set expectations.
Where individuals adopt disease labels to reflect symptomatic
experiences attributed to environmental causes they are more
likely to be concerned about the environmental health risk posed,
and less likely to be reassured by scientific investigation if it indi-
cates there is no link between the perceived environmental hazard
and symptoms (34). The use of an illness label “Wind Turbine
Syndrome” (2), along with a widely publicized and explicated list
of syndrome symptoms, not only creates the impression that there
is a risk that those living near wind turbines will develop a rec-
ognized medical condition, but also creates a comprehensive idea
of expected symptoms. Simply reading about symptoms of an ill-
ness can prompt self-detection of disease specific symptoms, a
phenomenon seen in medical student disease. Here, medical stu-
dents, in the course of learning about an illness, start to experience
symptoms indicative of the disease studied (35, 36). The process
of learning about an illness appears to generate a cognitive repre-
sentation of the illness, or mental schema, which guides the way in
which internal sensory information is attended to, so that symp-
toms or sensations that align with the schema are noticed and
reported. Symptoms that are inconsistent with the schematic rep-
resentation of the relevant illness are likely to be overlooked or
discounted (37).

Thus, negative expectations operate as a blueprint or heuristic
for the type of symptoms attended to and reported. In a clinical

research setting, a substantial number of patients, randomized to
the placebo arms of placebo controlled drug trials, experience and
report symptoms reflective of the side effects of active treatment
[e.g., Ref. (38)]. In an experimental study, participants inhaling a
benign substance,described to them as a“suspected environmental
toxin” known to cause headache, nausea, itchy skin, and drowsi-
ness, reported increases in symptoms, particularly in relation to
symptoms they had been told they might expect to experience (39).

Therefore, merely being aware of the type of symptoms that
have been attributed to wind turbines is likely to trigger an
expectancy directed cognitive body search, whereby the body is
selectively monitored for sensations and symptoms consistent with
ideas about the physiological effects of exposure to wind farms.
During this process, individuals will be inclined to notice com-
mon symptoms, which align with expectations and to interpret
ambiguous sensations in accordance with such beliefs (40). This
was demonstrated in a double-blind provocation study, where
participants who watched material from the internet suggesting
that infrasound produced by wind farms generated symptoms,
reported significant increases from pre-exposure assessment, in
the number and intensity of symptoms experienced during expo-
sure to both infrasound and sham infrasound (41). Importantly,
elevations in symptom reporting, during exposure periods, coin-
cided with information about the precise symptom profile, said
to be related to infrasound exposure. During both exposure peri-
ods, participants reported more symptoms characterized as typical
symptoms of infrasound exposure, than symptoms differentiated
as atypical symptoms of exposure to infrasound. Results suggested
that expectations formed by accessing negative health information
about wind farm sound could be providing a pathway for symptom
reporting in community settings.

EXPECTATIONS AND MISATTRIBUTION
It is important to note that many of the symptoms said to arise
from exposure to wind farms, such as headache, fatigue, con-
centration difficulties, insomnia, gastrointestinal problems, and
musculoskeletal pain, are commonly experienced by healthy indi-
viduals (23). If people are worried about the health effects of an
environmental agent and form symptom expectations, they are
also more likely to notice and misattribute their current sympto-
matic experience to that environmental agent. This can occur even
when symptoms are more consistent with everyday experiences
and may, under different circumstances, be explained as just part
and parcel of normal life (22). Given that the symptoms said to
be associated with wind turbines, such as tinnitus, sleep problems,
and headache, are extremely common in the general community
(42–44), many hearing about a putative connection with wind
turbine exposure may be persuaded that health problems they
experience can be attributed to this exposure. An analysis of symp-
tom reporting by people living in the vicinity of wind turbines in
Canada indicated that the prevalence of reported symptoms was
consistent with symptom prevalence in the general population,
suggesting that people are likely to be misattributing their ordinary
experience of common symptoms to wind turbines, rather than
becoming more symptomatic (45).

Many of the symptoms associated with wind turbines,
such as dizziness and heart palpitations, are also stress-related
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concomitants of autonomic arousal associated with anxiety and
distress (46). Further, evidence indicates a bidirectional relation-
ship between anxiety and insomnia (47), so that people who are
anxious about the health effects of wind farms may experience
sleep difficulties because of this anxiety, and sleep difficulties may,
in turn, exacerbate the experience of physiological symptoms of
anxiety. These symptoms may then be misattributed to wind farm
sound, if there is an expectation that wind farm sound poses a
health risk.

Evidence also indicates that fears associated with beliefs that
innocuous stimuli have dangerous health consequences, engenders
associations between such stimuli and stress-related symptoms,
so that exposure to such stimuli may become a cue for symptom
expression (48). Therefore, detecting wind turbine noise may facil-
itate symptom expression because, for those concerned about the
health effects of wind turbines, hearing the noise signifies exposure
to a perceived environmental hazard. Such an interpretation would
provoke anxiety, resulting in heightened physiological arousal and
stress-related symptoms.

Interestingly, evidence suggests that individuals are much less
likely to be annoyed by wind turbine noise if they unable to
see wind turbines from their dwelling, even if the sound itself
is at a relatively high level (49). Where individuals are wor-
ried about the health effects of wind turbines, the visibility of
wind turbines from a residence is likely to be a particularly con-
crete reminder of their concern, thus perpetuating anxiety and
related physiological arousal. Therefore, both audibility of sound
and visibility of a wind turbine may act as situational cues for
symptom expression, triggering stress-related symptoms, thereby
reinforcing health concerns (48).

Concerns about a perceived environmental hazard and corre-
sponding negative expectations can also lead to misattribution of
current illness, so that illnesses are viewed as a reaction to environ-
mental exposure rather than the result of aging or other disease
processes. Over the past 50 years, an increasing concern about the
environment appears to have led to heightened sensitivities to
environmental change, which have also impacted on the way peo-
ple perceive illness and disease (17). Individuals are more inclined
than previous generations to view ill health as a by-product of a
toxic environment, and to worry about the enduring health effects
of environmental changes. The propensity to look for external
environmental causes for ill health is illustrated by research indi-
cating a tendency among cancer survivors of the 10 most common
cancers to believe environmental factors play a much more sig-
nificant role in carcinogenesis than scientific evidence warrants
(50). Therefore, an environmental change, particularly involving
the use of an emerging technology, is likely to be regarded with
suspicion and trigger expectations impacting on the way individ-
uals interpret their own symptomatic experiences. Diseases such
as diabetes, skin cancer, and stroke, with much more established
etiology, have instead been ascribed to wind farms indicating a
process of misattribution (51).

MEDIA HEALTH WARNINGS AND EXPECTATIONS
A recent study has demonstrated that the upsurge in noise and
health complaints seen in Australia since 2009 has arisen primarily
in localities where there has been targeted publicity about the

alleged harmful impacts of wind farms (29). Two entire Australian
states with wind farms, but no history of anti-wind farm advocacy,
had no reported instances of health or noise complaints. Findings
are consistent with research indicating that media warnings about
potential harm from environmental factors may create health
concerns prompting symptom reporting, even in the absence of
objective health risk (48). Merely watching a television report
about the supposed adverse effects of Wifi has been shown to
elevate concern about the health effects of electromagnetic fields
and increase the likelihood of experiencing symptoms following
exposure to a sham Wifi signal (52).

In the case of wind farms, recent media stories have been shown
to contain fright factors likely to trigger fear, concern, and anxiety
about the health risk posed by wind turbines (53). Assertions about
the adverse impacts of wind farm sound have been widely dis-
seminated by the media, particularly via anti-wind farm internet
websites, and have led to misconceptions about infrasound gener-
ated by wind turbines and a conviction in some that wind farms
cause a myriad of health complaints (12) Conjecture about the
adverse health effects of wind farms is a consistent theme in public
discourse about wind turbines found in media reports embodied
in headlines such as “Wind turbines cause heart problems, headaches
and nausea. . .“ (54); “Coming to a house, farm, or school near you?
Wind Turbine Syndrome. . . “ (55); and television news items such
as “Wind Turbines cause health problems, residents say” (56). Fur-
ther, misleading reports about the impact of living in the vicinity
of wind farms, such as inaccurate accounts of home abandon-
ment and emotive references to wind farm refugees, is also liable
to create disquiet (57).

It has been verified in a recent double-blind provocation study
that the kind of information disseminated in the case of wind
farms elevates health concerns and creates corresponding negative
expectations, which result in symptomatic experiences. Partici-
pants viewing a DVD, containing extracts from the internet out-
lining the alleged health effects of infrasound generated by wind
turbines, reported increased concern about the health effects of
sound produced by wind farms, which was associated with ampli-
fication of symptom reporting during both genuine and sham
exposure to infrasound (41). Results showed negative expecta-
tions may be created by media portrayal of alleged health risks
posed by the sound created by wind turbines, which could explain
symptom reporting around wind farms.

The profound effect of the media narrative on the experi-
ence of wind farm sound was confirmed in a follow-up study in
which subjective health was influenced in either positive or neg-
ative directions, depending on how the sound was portrayed. In
keeping with previous findings, participants with negative expec-
tations, formed from media warnings about infrasound, reported
increased symptoms and deterioration in mood during simulta-
neous exposure to infrasound and audible wind farm sound (58).
In contrast, participants delivered positive expectations derived
from information extracted from the internet about the alleged
therapeutic effects of infrasound, experienced an improvement in
symptomatic experiences and mood. Findings demonstrated the
malleability of symptomatic responses and the power of informa-
tion disseminated through the media to create expectations, which
determine how wind farm sound is experienced. It was particularly

Frontiers in Public Health | Epidemiology November 2014 | Volume 2 | Article 220 | 4

EXHIBIT A5-9

Page 4 of 8
 

015043

http://www.frontiersin.org/Epidemiology
http://www.frontiersin.org/Epidemiology/archive


Crichton et al. The nocebo expectations hypothesis

telling that positive expectations about infrasound triggered a
placebo response in participants listening to audible wind farm
sound, while being exposed to infrasound. This highlights that
exposure to audible wind farm sound can be a pleasurable expe-
rience, if the narrative about the sound is depicted positively. The
study provides encouraging indications that if information dis-
seminated about wind farm sound is framed in more neutral or
benign ways, then reported symptoms or negative health effects
can be ameliorated.

EXPECTATIONS CREATED BY SOCIAL INTERACTIONS
It is important to bear in mind that the experience of symptoms
attributed to wind turbines occurs in community settings, and in
a social context where there are a range of opinions, concerns, and
pressure group activity about the construction of wind farms and
about possible health risks associated with them (1, 30). Evidence
has shown residents’ fears about the health effects of wind turbines
are increasingly becoming the focal point of community public
consultation meetings, formed as part of resource consent and
environmental assessment processes that relate to wind farms (1).
Expectations can be learned from such social interactions (59), and
may also be created and reinforced by observation and modeling
(Faasse et al. under review). The potential effect of observation on
symptom experience is indicated in an experimental study demon-
strating that one-third of healthy controls, when exposed to images
of other people in pain, reported pain in the same location as the
observed pain (60). Further, in an experimental study in which
participants inhaled an inert substance portrayed as a possible
environmental toxin, seeing someone exhibiting expected symp-
toms increased participant reports of those specific symptoms,
illustrating the phenomenon of contagion by observation, seen in
mass psychogenic illness (61).

There are various avenues for observation and modeling of
symptoms within communities where wind farms are established.
Neighbors and members of the wider community may be exhibit-
ing and talking about their symptomatic experiences, which they
attribute to wind farms. Television reports about the health effects
of wind turbines have also incorporated interviews with symp-
tomatic people, describing their experiences in detail, providing
another medium by which symptoms may be modeled [e.g., Ref.
(56)]. These interviews can usually be accessed on the internet, so
people researching the effects of wind farms can observe modeled
behavior with ease.

There are also indications that, where symptoms are attrib-
uted to wind turbines, health problems are reported by everyone
within the affected household, including children [e.g., Ref. (2)].
This suggests that familial modeling may play a role in symptom
reporting, particularly in relation to affected children. Parental
pain and symptom modeling is implicated in the development of
unexplained pain and somatic complaints in pediatric populations
(62, 63).

ANNOYANCE AND EXPECTATIONS
It seems apparent that elevated concern about the health effects
of living in the vicinity of wind farms, and the related formation
of negative expectations, is also exacerbating reported annoyance
with wind farm sound. There is much variability between studies

in relation to the extent of reported wind farm noise annoyance
indicating that contextual matters are influencing annoyance reac-
tions. Related studies undertaken in Sweden and the Netherlands
have indicated that approximately 10–20% of residents living in
proximity to wind farms find wind turbine noise annoying, and
6% of residents find wind turbine noise very annoying, at 35–
40 dB exposure (7, 49, 64). However, another study conducted
in New Zealand reported that 59% of respondents living within
2 km of a wind farm experienced noise annoyance (65). The New
Zealand study was undertaken at a time when there had been
adverse publicity about expected noise and health effects of liv-
ing in the vicinity of the wind farm in question, including a story
that aired on free to air television (66). Understanding the fac-
tors that contribute to annoyance is important because, although
noise annoyance is not in itself a disease or health state, annoy-
ance is related to distress, which can lead to the experience of
stress-related symptoms (9, 67).

Being annoyed by noise is related to a range of personal and
situational variables, beyond the acoustic characteristics of noise
(68, 69), and psychosocial factors account for more variation in
individual annoyance, than objective measures of noise level (70).
Experimental work indicates that not being aware of the source
of sound is associated with reduced noise annoyance in people
exposed to wind farm sound, further confirming that the context
of sound exposure has more relevance for annoyance assessment,
than the acoustic properties of wind farm sound (71). Importantly,
a strong relationship has been found between concern about the
negative health effects of noise and noise annoyance (72). The
evidence also shows that wind turbine noise annoyance is more
strongly related to other negative attitudes about wind turbines,
particularly the visual impact of wind turbines on the land scape,
than to sound level (7, 49). Thus, rhetoric that creates health con-
cerns about wind turbine sound, and presents a negative view of
wind farms, is likely to influence not just symptom reporting and
distress, but reported noise annoyance.

There is compelling evidence that creating a positive context for
the experience of wind farm sound, has a correspondingly posi-
tive impact on reported annoyance. A field study conducted in
The Netherlands indicated that respondents who benefited eco-
nomically from wind turbines, by either full or partial turbine
ownership or by receipt of other economic benefits, such as a
yearly income, were less annoyed by wind turbine noise than
other respondents, despite exposure to higher sound levels (49).
Notably, there were no differences in either likelihood to notice
sound, or subjective noise sensitivity between those who did or
did not derive economic benefit. However, there were attitudi-
nal differences. Respondents who benefited economically were
less negative both about wind turbines in general, and about
the visual impact of wind turbines on the landscape. Results
suggest that experiencing wind farm sound in a positive con-
text decreases the likelihood of forming negative views of wind
turbines associated with annoyance. This provides promising indi-
cations that changing the narrative around wind farms, so that
worried residents become less concerned about their proximity to
wind farms and adopt more positive expectations and attitudes,
might not only alleviate symptom reporting but also reduce noise
annoyance.

www.frontiersin.org November 2014 | Volume 2 | Article 220 | 5

EXHIBIT A5-9

Page 5 of 8
 

015044

http://www.frontiersin.org
http://www.frontiersin.org/Epidemiology/archive


Crichton et al. The nocebo expectations hypothesis

PATTERNS OF HEALTH COMPLAINTS SEEN IN OTHER
INSTANCES OF PERCEIVED TOXIC EXPOSURE
It is relevant to note that symptom reporting, in response to per-
ceived exposure to a toxic agent when no plausible health threat
is posed, has been seen throughout history (17). Francis Bacon
(1561–1626) noted “infections. . .if you fear them, you call then
upon you” (73). In one pertinent example, a dramatic elevation
in reported symptoms in a community setting in Memphis fol-
lowed a health scare fueled by media messages that the town
was located in close proximity to an old toxic waste dump (74).
While a comprehensive examination of soil toxicity revealed no
hazard was presented, health fears did not abate until it became
apparent authorities were mistaken as to the locality of the dump,
which had actually been situated many miles from the town (19).
Although symptom reporting then subsided, some residents con-
tinued to insist they experienced symptoms from the phantom
dump site.

Further, the advent of new technologies has consistently been
associated with the development of subjective illness complaints,
involving a constellation of symptoms, akin to those attributed
to wind farms (28, 75). For instance, in 1889, following the
increasing use of the telephone, The British Medical Journal cau-
tioned about the emergence of “telephone tinnitus” in respect of
which “the patients suffered from nervous excitability, with buzzing
noises in the ear, giddiness, and neuralgic pains” (76). With strik-
ing parallels, almost a century later, the experience of a range of
non-specific symptoms such as headache, fatigue, tinnitus, and
concentration problems have been attributed by some individu-
als to exposure to electromagnetic fields via mobile telephones
(77). This occurs despite the fact there is no generally accepted
causal bio-electromagnetic mechanism, by which such symptoms
would be triggered (78). Given that provocation studies have
repeatedly shown that sham electromagnetic exposure is sufficient
to activate symptoms in individuals who believe they are sensi-
tive to electromagnetic fields, the evidence suggests the involve-
ment of nocebo responses; that it is anxiety about exposure and
related negative expectations, which are triggering symptomatic
experiences (52).

CONCLUSION
An analysis of the evidence concerning symptom reporting attrib-
uted to sound produced by wind farms supports the nocebo
expectation hypothesis; that health complaints can be explained
by the influence of negative expectations. It is apparent that symp-
tom reporting coincided with an increase in health concern about
wind farms promoted by a book and internet sites focused on
highlighting the purported heath dangers posed by sound, partic-
ularly infrasound produced by wind turbines. Such information,
which has been further circulated though social discourse and
media reporting, is liable to trigger health concerns and related
symptoms of anxiety, while also creating a blueprint for what
symptoms can be expected – expectations, which, in turn, are
likely to guide the type of symptoms noticed and reported. This
is supported by epidemiological evidence that increased symp-
tom reporting has occurred in locations where there has been
targeted dissemination of negative health information about wind
farms, indicating that exposure to such information is shaping

symptomatic experiences. Experimental work also suggests that
it is expectation rather than wind farm sound exposure that is
responsible for symptom complaints.

Symptom reporting is also consistent with patterns of health
complaints seen in other environmental health scares involving
benign exposure, and which often follow the introduction of new
technologies. Importantly, indications that negative expectations
are implicated in symptomatic experiences ascribed to wind farms
aligns with evidence that instances of symptom reporting attrib-
uted to perceived environmental hazards and exposure to modern
technologies have been triggered by nocebo responses.

Understanding the underlying cause of health concerns and
symptom complaints, which have arisen in communities in which
wind farms have been proposed and developed, is critical if such
concerns are to be addressed, and symptom reporting alleviated.
Given indications of the determinative role of negative expecta-
tions in creating and maintaining symptom reporting, success-
ful strategies to address health complaints are likely to involve
changing the narrative about wind farms, to create more positive
expectations.
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In modern medic ine, the placebo response or placebo effect has often been regarded as a nuisance in basic 
research and particularly in clinical research. The latest scientific evidence has demonstrated, however, that 
the placebo effect and the nocebo effect , the negative effects of placebo, stem from highly active processes 
in the brain that are mediated by psychological mechanisms such as expectation and condition ing. These 
processes have been described in some detail for many diseases and treatments, and we now know that 
they can represent both strength and vulnerability in the course of a disease as well as in the response to 
a therapy. However, recent research and current knowledge raise several issues that we shall address in 
this review. We will discuss current neurobiological models like expectation- induced activation of the brain 
reward circuitry, Pavlovian conditioning, and anxiety mechanisms of the nocebo response. We will further 
explore the nature of the placebo responses in clinical trials and address major questions for future research 
such as the relationship between expectations and conditioning in placebo effects, the existence of a consis
tent brain network for all placebo effects, the ro le of gender in placebo effects, and the impact of getting drug
like effects without drugs. 

Introduction 
Recent experimental work clearly demonstrates that a better un
derstanding of the neurobiology and psychology of the placebo 
and nocebo responses is of great importance, as it might have 
profound implications for basic and clinical research and clinical 
practice. In basic research, we can learn more about how psy
chological processes affect CNS neurochemistry and how these 
alterations subsequently shape peripheral physiology and end 
organ functioning. The growing knowledge on the neurobiology 
of the placebo/nocebo response will also affect the design of 
clinical trials in which treatment is tested against a placebo. Fi
nally, it might affect our health care system not only by initiating 
a discussion on the ethical dimension of placebo treatment but 
also by forcing us to reconsider the significance of the placebo 
in clinical training and practice. 

The dynamic progress in this field is not only reflected in the 
constantly growing number of publications explicitly focusing 
on the neurobiology and psychology of the placebo response, 
but also in the structure and content of scientific meetings on 
this topic. A 1999 symposium on the Mechanisms of Placebo 
covered this research area with two presentations on "expecta
tion/conditioning mechanisms" and "opioid mechanisms" (9th 

World Congress on Pain, Vienna). In 2000, a NIH-sponsored 
workshop assembled ten presenters (and more than 500 atten
dants and discussants), mainly from the US, to cover the field 
and to assess the state of the art (Guess et al., 2002). A more re
cent symposium on the Mechanisms of Placebo/Nocebo Re
sponse held in Tutzing, Germany, in 2007 and supported by 
the Volkswagen Foundation, one of the major German research 
funding agencies, brought together 45 speakers and experts 
from eight countries with topics like "general concepts," " learn-

ing and memory," "brain-immune interaction," "Parkinson's 
disease and reward mechanisms," "pain," and "clinical-ethical 
implications," which reflect the steady growth of knowledge in 
this research field. 

This review summarizes (1) current neurobiological models of 
the placebo response: expectations and reward, Pavlovian con
ditioning, and anxiety mechanisms of the nocebo response; (2) 
implications of insights into the placebo mechanisms for clinical 
trials and testing; and (3) the main research questions currently 
being discussed. 

Comprehensive reviews focusing on the psychological (Price 
et al. , 2008; Klosterhalfen and Enck, 2006), neuropharmacolog
ical/neuroanatomical (Colloca and Benedetti, 2005; Benedetti 
et al., 1995; Pacheco-Lopez et al., 2006; Benedetti, 2008) and 
methodological aspects of the placebo response (Colloca et al., 
2008; Klosterhalfen and Enck, 2008) have been recently pub
lished elsewhere. 

Current Models of the Placebo Response 
A major insight from the recent publications on placebo is that 
there seems not to be a single neurobiological or psychobiolog
ical mechanism which is able to explain placebo and nocebo 
phenomena in general. Instead, we have learned that different 
mechanisms exist by which placebo or nocebo responses are 
steered across diseases and experimental conditions. 
Expectation and the Brain Reward Circuitry 
It has been proposed that the placebo effect is mediated by the 
brain reward circuitry {de la Fuente-Fernandez et al., 2001 ; de la 
Fuente-Fernandez and Stoessl, 2002). Based on placebo stud
ies with Parkinson's patients (de la Fuente-Fernandez et al., 
2004) and in experimental pain (Scott et al., 2007), it has been 
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hypothesized that reward expectations, such as expectation of

clinical improvement, are likely to play an important role in the

placebo effect. Thus, expectation may be closely tied to a tonic

activation of tegmental or prefrontal dopaminergic neurons,

which project to the dorsal and ventral striatum. In the expecta-

tion phase, prior to reward, there is uncertainty, and this is

reflected in sustained dopaminergic activation, which is maxi-

mized when the probability of reward is 0.5. It is known that

with a 0.5 probability of reward, 29% of dopaminergic cells are

tonically activated (Fiorillo et al., 2003). Conversely, both occur-

rence and nonoccurrence lead to virtually no tonic activation.

There is also phasic dopaminergic activation which takes place

after reward, and this is stronger when the reward has come

as a surprise. Therefore, uncertainty appears to heighten reward

mechanisms in this brain reward circuitry model.

Based on this information, the following neurobiological pla-

cebo mechanism has been proposed (de la Fuente-Fernández,

2004; de la Fuente-Fernández et al., 2004). When an interaction

(e.g., positive verbal suggestion) creates the possibility of a re-

ward, which in the case of placebo administration is represented

by the therapeutic benefit, certain cortical neurons become

active in relation to reward probability. These cells send direct

excitatory glutamatergic inputs to dopaminergic cell bodies

along with indirect inhibitory gamma amino butyric acid inputs

(de la Fuente-Fernández et al., 2002a; Fricchione and Stefano,

2005). The combination of these signals arriving at the dopami-

nergic neurons via direct and indirect pathways contributes to

the probability of tonic activation (de la Fuente-Fernández

et al., 2002b). Furthermore, it has been reported that neurons

in the prefrontal cortex, nucleus accumbens, and the caudate-

putamen display tonic activation during expectation of reward

(Schultz, 1998).

Compelling evidence of the involvement of reward mecha-

nisms in the placebo effect comes from recent brain imaging

studies on placebo analgesia. In fact, in a brain imaging study

in which both positron emission tomography and functional

magnetic resonance imaging were used, Scott et al. (2007)

tested the correlation between the responsiveness to placebo

and that to monetary reward. By using a model of experimental

pain in healthy subjects, they found that placebo responsiveness

was related to the activation of dopamine in the nucleus accum-

bens, as assessed by using in vivo receptor-binding positron

emission tomography with raclopride, a D2-D3 dopamine

receptor agonist. The very same subjects were then tested

with functional magnetic resonance imaging for activation in

the nucleus accumbens to monetary rewards. What these inves-

tigators found is a correlation between the placebo responses

and the monetary responses: the larger the nucleus accumbens

responses to monetary reward, the stronger the nucleus

accumbens responses to placebos.

This study strongly suggests that placebo responsiveness de-

pends on the functioning and efficiency of the reward system,

and this would explain, at least in part, why some individuals

respond to placebos whereas some others do not. Those who

have a more efficient dopaminergic reward system would also

be good placebo responders. Interestingly, Scott et al. (2007)

used an experimental approach that is typical of clinical trials,

whereby the subjects know they have a 50% chance to receive
196 Neuron 59, July 31, 2008 ª2008 Elsevier Inc.
either placebo or active treatment, and whereby no prior condi-

tioning was performed.

In a different study by the same group, Scott et al. (2008) stud-

ied the endogenous opioid and the dopaminergic systems in

different brain regions, including those involved in reward and

motivational behavior. Subjects underwent a pain challenge, in

the absence and presence of a placebo with expected analgesic

properties. By using positron emission tomography with 11C-

labeled raclopride for the analysis of dopamine and 11C-carfen-

tanil for the study of opioids, it was found that placebo induced

activation of opioid neurotransmission in the anterior cingulate,

orbitofrontal and insular cortices, nucleus accumbens, amyg-

dala, and periaqueductal gray matter. Dopaminergic activation

was observed in the ventral basal ganglia, including the nucleus

accumbens. Both dopaminergic and opioid activity were associ-

ated with both anticipation and perceived effectiveness of the

placebo. Large placebo responses were associated with greater

dopamine and opioid activity in the nucleus accumbens. There-

fore, as shown in the schema of the reward circuitry in Figure 1,

both dopamine and endogenous opioids have been found to be

activated in the nucleus accumbens after placebo administra-

tion, which indicates that these two neurotransmitters play a

key role in the modulation of the placebo response.

Pavlovian Conditioning of Placebo Effects:

Neuroimmune Responses

The behavioral conditioning of immune responses is based on

the intense crosstalk between the CNS and the peripheral im-

mune system (Meisel et al., 2005; Sternberg, 2006; Tracey,

2007). Commonly, in these approaches, experimental animals

are presented with a novel taste (e.g., saccharin) as conditioned

stimulus (CS) in the drinking water, and subsequently injected

with an agent that produces changes in immune status

Figure 1. Simplified Scheme of the Reward System
Placebo administration has been found to activate both dopamine and endog-
enous opioid peptides in the nucleus accumbens, thus suggesting an involve-
ment of reward mechanisms in some types of placebo effects (de la Fuente
Fernández et al., 2001; Scott et al., 2008). Note: the main propose of this
sketch is to focus on neural substrates of the reward system in the context
of the placebo response which, in this case, takes precedence over anatom-
ical accuracy.
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(unconditioned stimulus, UCS). When the CS (saccharin solution)

is re-presented at a subsequent time point, the animals avoid

drinking the saccharin, which is termed ‘‘conditioned taste aver-

sion’’ (CTA) (Garcia et al., 1955). Concomitantly, the animals

demonstrate a modification of immune parameters that com-

monly mimics the actual UCS effect (Ader, 2003). Ader and

Cohen (1975) demonstrated conditioned suppression of anti-

body production for the first time. Experimental evidence over

the last 25 years has shown behaviorally conditioned effects in

rodents, both in humoral and cellular immunity, with behavioral

conditioning able to re-enlist changes in lymphocyte circulation

and proliferation, cytokine production, natural killer (NK) cell ac-

tivity, and endotoxin tolerance (reviewed in Exton et al., 2001;

Ader, 2003; Pacheco-Lopez et al., 2006; Riether et al., 2008).

Regarding the neurobiological mechanisms, it was demon-

strated by employing the immunosuppressant cyclophoshamide

as a UCS that the insular cortex and the amygdala are key struc-

tures in behaviorally conditioned suppression of antibody pro-

duction (Ramı́rez-Amaya et al., 1996, 1998). In parallel, when

the calcineurin inhibitor and immunosuppressive agent cyclo-

sporine A was employed as a UCS in a taste aversion paradigm,

the behaviorally conditioned suppressive effect on lymphocyte

activity in the spleen, as well as cytokine production (interleu-

kin-2, interferon-g), was affected by brain excitotoxic lesions.

This shows that the insular cortex is essential to acquiring and

evoking this conditioned response in cellular immune functions.

In contrast, the amygdala seems to mediate the input of visceral

information necessary at acquisition time, whereas the ventro-

medial hypothalamic nucleus appears to participate in the output

pathway to the immune system, which is needed to evoke the

behaviorally conditioned immune response (Pacheco-Lopez

et al., 2005). On the peripheral efferent arm, these conditioned

effects are mediated via the splenic nerve through noradrenaline

and adrenoceptor-dependent mechanisms (Exton et al., 2001,

2002). The neural circuitry is illustrated in Figure 2.

A number of studies have meanwhile demonstrated the clinical

relevance of conditioned changes in immune function. Specifi-

cally, the morbidity and mortality of animals with autoimmune

disease was abated via conditioning using cyclophosphamide

(Ader and Cohen, 1982) or with cyclosporine (Klosterhalfen and

Klosterhalfen, 1990) as the UCS and, in addition, behavioral

conditioning prolonged the survival of heterotopic heart allograft

and significantly inhibited the contact hypersensitivity reaction

(Exton et al., 1998, 1999, 2000).

Experimental evidence also suggests that behavioral condi-

tioning of immunopharmacological drug effects is possible in

humans. Conditioned cyclosphosphamide-induced leucopenia

has been reported (Giang et al., 1996), along with a conditioned

immune response to the cytokine interferon-g (Longo et al.,

1999), as well as conditioned suppression of the ex vivo produc-

tion and mRNA expression of interleukin-2 and interferon-g, and

of the proliferation of peripheral lymphocytes (Goebel et al.,

2002). Allergic reactions have been shown to be affected by be-

havioral conditioning and emotional status (Kemeny et al., 2007).

However, more recently, it was demonstrated that the antihista-

minergic properties of the H1-receptor antagonist desloratadine

can be behaviorally conditioned in patients suffering from aller-

gic house-dust-mite rhinitis, as analyzed by subjective symptom
score, skin prick test, and decreased basophile activation (Goe-

bel et al., 2008). Interestingly, subjective symptom score and

skin reactivity, but not basophile activation, was reduced in

patients who where conditioned but not re-exposed to the

novel-tasting drink served as a CS. By contrast, only conditioned

patients who were re-exposed to the CS also demonstrated sig-

nificant inhibition in cellular immune activation. These data sup-

port earlier observations indicating that conscious physiological

pain and motor mechanisms are mainly affected by patients’

conscious expectations, whereas unconscious physiological

processes, such as hormone release or immune functions,

appear to be mediated by behavioral conditioning (Benedetti

et al., 2003).

Similar conditioning mechanisms have been found in the en-

docrine system. In one study aimed at differentiating the effects

of conditioning and expectation, plasma levels of both growth

hormone and cortisol were measured in different conditions

(Benedetti et al., 2003). In the first experimental condition, verbal

suggestions of growth hormone increase and cortisol decrease

were delivered to healthy volunteers, so as to make them expect

hormonal changes. These verbal instructions did not have any

effect on both hormones, and in fact no plasma concentration

Figure 2. Neural Substrates Involved in Behaviorally Conditioned
Immunosuppression in Rats
Brain excitotoxic lesions show that the insular cortex is essential to acquiring
and evoking this conditioned immunosuppressive response. In contrast, the
amygdala seems to mediate the input of visceral information necessary at ac-
quisition time, whereas the ventromedial hypothalamic nucleus appears to
participate in the output pathway to the immune system needed to evoke
the behaviorally conditioned immune response (CS, conditioned stimulus,
saccharin taste; UCS, unconditioned stimulus; CsA, cyclosporine A; BBB,
blood-brain barrier; CVOs, circumventricular organs; VMH, ventromedial
hypothalamic nucleus) (Pacheco-Lopez et al., 2005).
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change was detected. In the second experimental condition,

sumatriptan, a serotonin 5-HT1B/1D receptor agonist that stimu-

lates growth hormone and inhibits cortisol secretion, was admin-

istered for 2 days in a row and then replaced with a placebo on

the third day. A significant increase of growth hormone and

decrease of cortisol plasma concentrations were found after

placebo administration. These conditioned effects occurred

regardless of the verbal suggestions the subjects received. In

other words, the placebo mimicked the sumatriptan-induced

growth hormone increase, even though the subjects expected

a growth hormone decrease. Likewise, the placebo mimicked

the sumatriptan-induced cortisol decrease, even though the

subjects expected a cortisol increase. It can be assumed that

in this case the conditioned stimulus was represented by the

act of injecting the pharmacological agent (i.e., the context

around the treatment).

This experimental evidence demonstrates the potential appli-

cability of such behavioral conditioning protocols in clinical prac-

tice. However, in future studies it will be necessary to analyze the

kinetics of the behaviorally conditioned immunopharmacological

and endocrine response and to elucidate whether and to what

extent these conditioned responses can be reconditioned on

multiple occasions. Only with this information and more detailed

knowledge of the mechanisms behind the CNS-immune system

and CNS-endocrine system interaction will it be possible to

design conditioning protocols which can be employed in clinical

situations to the patients’ advantage.

Mechanisms of the Nocebo Effect

Compared to the placebo effect, much less is known about the

nocebo effect, since the induction of a nocebo response repre-

sents a stressful and anxiogenic procedure, thus limiting its

ethical investigation. The term nocebo (‘‘I shall harm’’) was intro-

duced in contraposition to the term placebo (‘‘I shall please’’)

by a number authors in order to distinguish the pleasing from

the noxious effects of placebo (Kennedy, 1961; Kissel and Bar-

rucand, 1964; Hahn, 1985, 1997). If the positive psychosocial

context, which is typical of the placebo effect, is reversed, the

nocebo effect can be studied. Therefore, it is important to stress

that the study of the nocebo effect relates to the negative psy-

chosocial context surrounding the treatment, and its neurobio-

logical investigation is the analysis of the effects of this negative

context on the patient’s brain and body. As for the placebo

effect, the nocebo effect follows the administration of an inert

substance, along with the suggestion that the subject will get

worse. However, the term nocebo-related effect can also be

used whenever symptom worsening follows negative expecta-

tions without the administration of any inert substance (Benedetti

et al., 2007b; Benedetti, 2008).

Brain imaging techniques have been crucial to understanding

the neurobiology of negative expectations, and most of this

research has been performed in the field of pain. Overall, nega-

tive expectations may result in the amplification of pain (Koyama

et al., 1998; Price, 2000; Dannecker et al., 2003) and several

brain regions, like the anterior cingulate cortex (ACC), the pre-

frontal cortex (PFC), and the insula, have been found to be

activated during the anticipation of pain (Chua et al., 1999; Hsieh

et al., 1999; Ploghaus et al., 1999; Porro et al., 2002, 2003;

Koyama et al., 2005; Lorenz et al., 2005; Keltner et al., 2006).
198 Neuron 59, July 31, 2008 ª2008 Elsevier Inc.
For example, Sawamoto et al. (2000) found that expectation of

a painful stimulus amplified the perceived unpleasantness of in-

nocuous thermal stimulation, and that these subjective hyperal-

gesic reports were accompanied by increased brain activations

in the anterior cingulate cortex (ACC), the parietal operculum

(PO), and posterior insula (PI). In another study by Koyama

et al. (2005), as the magnitude of expected pain grew, activation

increased in the thalamus, insula, PFC, and ACC. By contrast,

expectations of decreased pain reduced activation of pain-re-

lated brain regions, like the primary somatosensory cortex, the

insular cortex, and ACC. Likewise, Keltner et al. (2006) found

that the level of expected pain intensity altered the perceived

intensity of pain along with the activation of different brain

regions, like the ipsilateral caudal ACC, the head of the

caudate, the cerebellum, and the contralateral nucleus cuneifor-

mis (nCF).

Besides neuroimaging, pharmacological studies give us in-

sights into the biochemistry of the nocebo effect and of negative

expectations. For example, the antagonist action of CCK on

endogenous opioids (Benedetti, 1997) is particularly interesting

in the light of the opposing effects of placebos and nocebos. A

model has recently been proposed whereby the opioidergic

and the CCK-ergic systems may be activated by opposite

expectations of either analgesia or hyperalgesia, respectively.

In other words, verbal suggestions of a positive outcome (pain

decrease) activate endogenous m-opioid neurotransmission,

while suggestions of a negative outcome (pain increase) activate

CCK-A and/or CCK-B receptors. This neurochemical view of the

placebo-nocebo phenomenon, in which two opposite systems

are activated by opposite expectations about pain, is in keeping

with the opposite action of opioids and CCK in other studies

(Benedetti et al., 2007a). Interestingly, the CCK-antagonist

proglumide has been found to potentiate placebo-induced

analgesia, an effect that is probably due to the blockade of the

anti-opioid action of CCK (Benedetti et al., 1995; Benedetti,

1996). Therefore, CCK appears to play a pivotal role in the psy-

chological modulation of pain, antagonizing placebo-induced

opioid release on the one hand and mediating nocebo-induced

facilitation of pain on the other hand.

The involvement of CCK in nocebo hyperalgesia is likely to be

mediated by anxiety, as benzodiazepines have been found to

block both nocebo-induced hyperalgesia and the typical

anxiety-induced hypothalamus-pituitary-adrenal hyperactivity.

Conversely, the CCK antagonist, proglumide, has been found

to prevent nocebo hyperalgesia but not the hypothalamus-

pituitary-adrenal hyperactivity, which suggests two independent

biochemical pathways activated by nocebo suggestions and

anxiety (Figure 3).

More recent studies have found that nocebo effects are also

associated to a decrease in dopamine and opioid activity in

the nucleus accumbens, thus underscoring the role of the reward

and motivational circuits in nocebo effects as well (Scott et al.,

2008). In other words, the activation/deactivation balance of

both dopamine and opioids in the nucleus accumbens would

account for the modulation of placebo and nocebo responses.

Therefore, a complex interaction among different neurotransmit-

ters, such as CCK, dopamine, and opioids, occurs when either

placebos or nocebos are administered.
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Placebo Responses in Clinical Trials
Ever since the dawn of the first randomized placebo-controlled

trials testing new drugs and treatments in the middle of the last

century, and even before (Hill, 1990), placebo responses in clin-

ical trials have given rise to discussion and concern regarding

their mechanisms and have usually been regarded as a nuisance

or a barrier to a rational approach in modern drug development.

High placebo responses have induced false expectations re-

garding drug efficacy and resulted in the refusal of drug approval

in some cases, e.g., neurokinins in the treatment of depression

(Kramer et al., 1998; Enserink, 1999).

Not only do placebo responses in clinical trials impose signif-

icant limits to the testing of new compounds, but they are also

linked to the drug adherence and compliance of patients in

such trials in a paradoxical way. Patients that adhered to medi-

cation instructions by more than 80% showed better survival in

a coronary disease study (Coronary Drug Project Research

Group, 1980), and poor drug adherence in a myocardial infarc-

tion survivor study was associated with a higher risk of mortality

(Beta-Blocker Heart Attack Trial, Horwitz et al., 1990), irrespec-

tive of whether the active compound or a placebo was taken,

and regardless of other potential risk factors. This has been

attributed to the greater expectancies or beliefs, both in drug

and placebo responders that the medication may be of help, al-

though other factors, such as health behaviors, cannot be ruled

Figure 3. Mechanisms of the Hyperalgesic Nocebo Effect
Nocebo suggestions induce anticipatory anxiety, which activates two inde-
pendent pathways, the hypothalamus-pituitary-adrenal (HPA) axis on the
one hand and a CCK-ergic pronociceptive system on the other hand. Benzo-
diazepines act on anxiety, thus blocking both the HPA hyperactivity and the
CCK pronociceptive system. In contrast, CCK antagonists act on the pronoci-
ceptive system only, thus preventing nocebo hyperalgesia but not HPA-hyper-
activity (Benedetti et al., 2006). Note: the main propose of this sketch is to
focus on neural substrates of the hyperalgesic nocebo effect which, in this
case, takes precedence over anatomical accuracy.
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out completely. These findings have certainly fostered the devel-

opment of further experimental approaches to the placebo

phenomenon.

Attempts to unravel the mechanisms of the placebo response

in clinical trials have used meta-analytic approaches of the

placebo arm of trials—with mixed results. The placebo effect in

randomized controlled trials has been reported to be around

40% in functional disorders (Enck and Klosterhalfen, 2005) but

lower in depression (29%), bipolar mania (31%) (Sysko and

Walsh, 2007), and migraine (21%) (Macedo et al., 2008). The rea-

sons for these variable placebo response rates are unknown but

may include the sample size (Enck and Klosterhalfen, 2005), the

year of study (Walsh et al., 2002), design characteristics (Macedo

et al., 2006), and recruitment pattern (Kobak et al., 2007). Meta-

analyses can come to opposite conclusions on the same data

set, e.g., with respect to the direction of the effects of the number

of study visits on the placebo effect size (e.g., Pitz et al., 2005;

Patel et al., 2005), but this may be due to data extraction errors

that lead to false findings and conclusions (Gøtzsche et al.,

2007). Hróbjartsson and Gøtzsche (2001, 2004) came to con-

clude that the placebo response appears to be powerful only be-

cause of a lack of ‘‘no treatment’’ control groups in most studies.

However, their argument has been challenged by data indicating

that among the trials they included into their meta-analyses,

those with endpoints regulated directly by the autonomic

nervous system do report stronger response to placebo treat-

ment, while endocrine and other endpoints are less responsive

(Meissner et al., 2007).

Other contributing factors to the placebo response rate in clin-

ical trials were: the origin of patients—response rates in migraine

prophylaxis were higher in Europeans than in North Americans

(Macedo et al., 2008), personal expectations (Linde et al., 2007)

and the loss thereof, e.g., in Alzheimer’s disease (Benedetti

et al., 2006), the study center (Ondo, 2007), and patient recruit-

ment and physician training (Kobak et al., 2007). A genetic contri-

bution to placebo responsiveness has been proposed (Bendesky

and Sonabend, 2005; Raz, 2008) but empirical evidence is still

lacking.

Because of the difficulties to reliably identify placebo re-

sponders and predicting placebo response rates in clinical trials,

different methodological attempts have been made to the way

(novel) drugs are tested against placebo.

The most traditional way to attempt to control for placebo

response in clinical trials was the use of a crossover design, in

which an individual patient serves as her/his own control, reduc-

ing the between-subject variability and the number of patients

studied. This model was almost completely abolished due to

the fact that blinding may be rather difficult in such studies (Bou-

tron et al., 2006), unless one is able to implement ‘‘active place-

bos’’ that mimic the side-effects of a compound without inducing

its main effects (Edward et al., 2005). Another conventional

model to control for placebo effects is the use a placebo run-in

phase prior to drug and placebo dispensing to identify and

exclude placebo responders: placebo responders tend to exhibit

less severe symptoms during run-in (Evans et al., 2004) and to

respond faster to treatment with symptom improvement (Go-

meni and Merlo-Pich, 2007) than patients in the drug arm.

Drug-free run-in periods have also been used to identify
Neuron 59, July 31, 2008 ª2008 Elsevier Inc. 199
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individual and group characteristics of placebo responders.

However, these results are not generalizable across medical

conditions, (Talleyn et al., 2006) since most of the variables

that are regularly documented at study initiation are related to

symptoms and disease characteristics rather than to individual

personality traits or states (Hyland et al., 2007). An extension of

placebo run-in periods are studies with multiple drug/placebo

phases that alternate, with or without washout periods in be-

tween (Kleveland et al., 1985). These models were more recently

requested again by drug approval authorities to account for vari-

able symptom courses and the alternation of symptom-free with

relapse periods in many chronic diseases. It has, however, been

shown that the placebo response in a first medication period

does not reliably predict the response (to drug or placebo) in

a second phase (Tack et al., 2005). If being a placebo responder

is a characteristic of an individual patient, study designs should

take this into account by employing a design with multiple (>2)

crossovers between placebo and drug and to randomize and

individualize in a ‘‘single-subject trials’’ (SST) the timing for run-in

and run-out for each phase (Madsen and Bytzer, 2002). In theory,

this should allow us to reliably distinguish placebo responders

from nonresponders. However, multiple crossovers with ran-

domly assigned treatment periods, with a complete random

order or a random starting day generate specific methodological

problems and need new statistical models before being applica-

ble in clinical drug testing.

In experimental laboratory research, a number of experimental

designs have been employed that may help to identify predictors

of the placebo response in the future. The so-called ‘‘balanced

placebo design’’ (BPD) was traditionally used in the testing for

placebo effects of frequently consumed everyday drugs such

as caffeine, nicotine, and alcohol (e.g., Dagan and Doljansky,

2006; Kelemen and Kaighobadi, 2007; Cole-Harding and

Michels, 2007). While one-half of the study sample receives pla-

cebo and the other half the drug, half of each group is receiving

correct information while the other half is receiving false informa-

tion on the nature of their study condition (drug or placebo)

immediately prior to drug testing, thus allowing to differentiate

between the ‘‘true’’ drug effect (those receiving the drug but

are told they received placebo) and the true placebo effect (those

receiving placebo but are told they received the drug). As is

evident, the BPD implies ‘‘deception’’ of the subjects (Miller

et al., 2005), which limits its suitability and acceptance outside

the laboratory and in patients for ethical reasons (Ehni and

Wiesing, 2008).

Hidden treatment (HT) or covert treatment is another option

that may be specifically useful for the test of drug effects in acute

and highly symptomatic conditions such as with postoperative

pain (Levine et al., 1981), anxiety, and motor dysfunction in Par-

kinson’s disease (Benedetti et al., 2004b; Lanotte et al., 2005). It

resembles some of the features of the SSTs (Madsen and Bytzer,

2002). In case of HT, the patient may receive a drug unnoticed in

terms of timing and dosage, and the drug effect (or its missing

action) can be determined independent of the patient’s expecta-

tions. Benedetti and colleagues demonstrated that under these

circumstances drugs commonly believed to have analgesic

properties such as CCK-antagonists failed to show any antinoci-

ceptive effects (Colloca et al., 2004). Evidently, HT can only be
200 Neuron 59, July 31, 2008 ª2008 Elsevier Inc.
applied with the patient agreeing prior to the test that she/he

may or may not receive a drug at all, which may raise other eth-

ical concerns (Machado, 2005), especially with the test of novel

compounds of unknown properties.

Finally, a free-choice paradigm (FCP), which maybe regarded

as a modification of the adaptive response design (Rosenberger

and Lachin, 1993) or the early-escape design (Vray et al., 2004)

may offer an alternative approach to common drug test proce-

dures. FCP allows the patient to choose between two pills, of

which one is the drug and one the placebo, at medication-dis-

pensing time; it is, however, essential that the patient does not

take both pills at the same time (hence, a technical or administra-

tive modus has to be implemented to prevent this and to prevent

over-dosage etc.), and that he/she may switch to the other con-

dition at any time (hence, the pharmacodynamics of the com-

pound under investigation have to be appropriate, e.g., the

speed of action, the feasibility of on-demand medication, etc.).

It would, on the other hand, allow assessment of drug efficacy

via the choice behavior rather than with symptomatic endpoints.

The FCP has been used occasionally in optimizing dosage of

drugs (Perkins et al., 1997; Pinsger et al., 2006) in clinical trials.

It bypasses many of the ethical concerns against the use of

placebos (Ehni and Wiesing, 2008), but its methodology and

statistics in assessing drug superiority over placebo have not

been validated (Zhang and Rosenberger, 2006).

Research Questions for Future Research
The experimental work on the neurobiological and neuropsycho-

logical mechanisms of the placebo/nocebo response from the

last decade has impressively increased our knowledge of this

long-known phenomenon. It became clear that these ap-

proaches will not only help us to better understand human phys-

iology but might have many practical consequences such as on

the design of clinical studies, our health care systems, in partic-

ular the doctor-patient relationship as well as the education of

medical care professionals. However, there are still numerous

open questions which urgently need to be addressed in future

studies.

The Relationship between Suggested

and Conditioned Placebo Effects

It has been postulated that the placebo response is generated by

two distinct mechanisms across clinical conditions, one of which

concerns suggestion and expectation, and one learning via Pav-

lovian conditioning (Benedetti et al., 2003; Klosterhalfen and

Enck, 2006). The relationship between these two is still unclear,

but it has been the subject of experimental research in recent

years. Benedetti et al. (2003) were able to demonstrate in exper-

imental pain and in Parkinson’s disease that conditioning is

actually mediated by expectations and that expectations do not

affect conditioned responses. Similar explanations have been

put forward, for example, that expectancies acquired through

verbal instructions might also be seen as conditioning stimuli

that reactivate earlier stimulus association (Klinger et al., 2007).

In a set of experiments, it has recently been demonstrated that

prior experience is able to shape placebo analgesia (Colloca and

Benedetti, 2006). Subjects that were conditioned to experience

placebo analgesia in an acute paradigm showed reduced pain

experiences for up to seven days and exhibited no extinction
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of responses in the range of minutes. However, placebo analge-

sia was reduced by prior exposure to negative painful experi-

ence. These data emphasize that previous experience with the

treatment of pain, both successful and unsuccessful, will have

lasting effects on how the second and subsequent treatments

of the same conditions are perceived. The analogy to clinical

conditions is evident, but relative. While experimental pain is

phasic and acute, clinical pain is usually chronic, long-lasting.

Whether and to what degree previous pain treatment contributes

to the experience of placebo analgesia in a clinical trial—usually

15%–20% of the effect size achieved under experimental pain

conditions (Vase et al., 2002)—probably needs to be tested

with a different experimental or clinical design. When experimen-

tal placebo analgesia was directly compared to pain relief in pain

patients, the data suggested that mechanisms counteracting

the proanalgesic effects of placebo suggestions are involved

(Charron et al., 2006).

It is puzzling to realize that, beyond the laws of Pavlovian learn-

ing studied for almost a century now, there is basically no model

available that allows us to predict the maintenance of a strong

placebo response in a clinical trial that may last for a year or

longer (e.g., Chey et al., 2004). According to these laws (Zim-

mer-Hart and Rescorla, 1974), any conditioned response should

diminish over time if no further pairing of the UCS (e.g., an effec-

tive drug) and the CS (a pill or injection) occurs but the CS is

presented alone. In such trials, extinction does not seem to

occur at all. Hence, one may speculate that if conditioning (learn-

ing) is part of this placebo response, it cannot be of a Pavlovian

nature. Alternatively, in the case of newly developed compound,

previous experience with a drug, or a similar compound, that

might shape the response can have been gained only by

generalization.

The other issue that requires attention is the clinical applicabil-

ity of conditioned and suggested placebo responses in daily

medicine, as many of the studies have so far been conducted

in the laboratory and with healthy subjects. One example of

a successful transfer from bench to bedside, however, has

been documented by studies demonstrating behaviorally condi-

tioned effects in peripheral immune responses (see above).

Is There a Consistent Brain Network

for All Placebo Effects?

The number of brain imaging studies on the placebo response

has increased greatly over the past few years, in particular in

the area of pain and placebo analgesia (Petrovic et al., 2002; Wa-

ger et al., 2004; Bingel et al., 2006; Kong et al., 2006; Price et al.,

2006), but also to a lesser degree with regard to neurological and

psychiatric diseases, such as Parkinson’s disease, depression,

or irritable bowel disorder (reviewed, e.g., by Benedetti et al.,

1995; Colloca and Benedetti, 2005; Beauregard, 2007; Lidstone

and Stoessl, 2007, Enck and Klosterhalfen, 2005).

As to experimental pain, different cortical (prefrontal cortex,

anterior cingulate gyrus, insula, supplementary motor area),

and subcortical structures (amygdala, periacqueductal gray,

thalamus) have been found to be involved in the placebo

response, and they seem to differentiate between the sensory

and the emotional/affective components of pain signals. PET

receptor-binding studies have provided direct evidence that

the m-opioid system involving the brain stem and elaborated cor-
tical networks mediates placebo analgesia (Zubieta et al., 2005;

Wager et al., 2007), thus confirming previous studies on the

blockade of placebo analgesia by the opioid antagonist nalox-

one (Levine et al., 1978; Amanzio and Benedetti, 1999). It should

be noted that other neurochemical systems have been found to

contribute to the placebo effect, e.g., the dopaminergic system

(Scott et al., 2007, 2008) and CCK (Benedetti et al., 1995; Bene-

detti, 1996). It remains unclear, however, whether each of these

systems contributes to all placebo responses or only to those

under specific clinical and experimental conditions. Placebo

responses in Parkinson’s disease and pain have been linked to

a subcortical dopaminergic ‘‘reward’’ in the ventral striatum (de

la Fuente-Fernández et al., 2001; Scott et al., 2007); however,

the involvement of dopamine was recently questioned with re-

gard to the placebo response in experimental pain (Martikainen

et al., 2005). Nevertheless, it is worth mentioning that a possible

downstream effect of dopamine activation after placebo admin-

istration was found in the subthalamic nucleus, in which single

neurons changed their firing pattern (Benedetti et al., 2004a).

It is one of the drawbacks of imaging studies that they rely on

a stable and dominant activation pattern across all subjects,

since group means are necessary for adequate data analysis.

Therefore, placebo nonresponders in small samples of subjects

are frequently excluded or used as a type of control (Petrovic

et al., 2002; Leuchter et al., 2002; Nemoto et al., 2007). Assess-

ment of individual responsiveness to placebo (Chung et al.,

2007) is, however, necessary to advance the field.

Other neurophysiological and psychobiological mechanisms

of placebo analgesia and placebo response are currently being

discussed. Placebo analgesia following heat pain application

may change spinal cord pain processing via descending path-

ways (Matre et al., 2006), and expectations have been found to

alter spinal reflexes and the descending noxious inhibitory con-

trol (Goffaux et al., 2007). This raises an important issue that

needs to be addressed in future research: While for expecta-

tion-induced placebo responses, higher centers of the CNS

are needed, Pavlovian conditioning may also occur within the

peripheral neural circuitry, e.g., within the enteric nervous sys-

tem (Drucker and Sclafani, 1997). Whether this also relates to

conditioned placebo responses warrants further research.

The Role of Gender in Placebo Effects

Gender effects of the placebo response have rarely been docu-

mented in clinical trials but have occasionally been noted in

experimental settings (Flaten et al., 2006). However, whether

and to what extent gender differences may account for some

of the variance in the placebo imaging studies is unknown so

far. Cortical processing, independent of the placebo response,

has shown significant gender variation both in volunteers and

in patients with somatic and visceral pain (Paulson et al., 1998;

Berman et al., 2000) and with nonpainful stimuli (Sabatinelli

et al., 2004; Gizewski et al., 2006). Unfortunately, most imaging

studies on the placebo response have ignored the potential

role of gender (Klosterhalfen and Enck, 2008).

Gender effects in the placebo response were reported in an

experimental setting with placebo analgesia during ischemic

pain, whereby males responded to the manipulation of expec-

tancies through pain information, while women did not (Flaten

et al., 2006). However, an experimenter effect could not be
Neuron 59, July 31, 2008 ª2008 Elsevier Inc. 201
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excluded, as all the experimenters were female nurses, which

could have induced a reporting bias (Kallai et al., 2004). Gender

effects were also noted in an acupuncture trial with male and

female acupuncturists, with females inducing greater trust than

male experimenters (White et al., 2003). Employing a motion-

sickness paradigm, conditioning was effective predominantly

in women, while in the suggestion experiment, men exhibited

a significantly greater reduction in rotation tolerance and

responded more strongly to rotation and to suggestions than

women (Klosterhalfen et al., 2007). However, other data from

this group pointed toward the role of biological factors (e.g.,

the menstrual cycle) on processing of visceral and vestibular

sensations (Klosterhalfen et al., 2008b) and on differential effects

of stress hormone release on nausea and motion sickness

(Rohleder et al., 2006). These observations clearly show the ne-

cessity to investigate gender effects in the placebo and nocebo

responses.

The Impact of Obtaining Drug-like

Effects without Drugs

One of the most practical implications of the recent neurobiolog-

ical advances in placebo research is the possibility to induce, at

least in some circumstances, drug-like effects without the

administration of drugs. Throughout this review we have seen

that placebos can induce the activation of endogenous opioids

and dopamine, that placebo-conditioned responses of several

immune mediators can be obtained through behavioral condi-

tioning, and that nocebos activate the endogenous CCK-ergic

systems. The obvious consequence of these findings is their ex-

ploitation both in the clinic and in other areas of society, although

important ethical constraints have so far limited the development

of therapeutic paradigms with placebos.

As far as the clinic is concerned, it would be conceivable today

to use a translational approach whereby many experimental

protocols, so far carried out in animals and healthy volunteers,

could be applied to real medical conditions. For example, there

is compelling evidence that pharmacological conditioning can

induce powerful placebo responses when the real drug is re-

placed with a placebo. This phenomenon is well documented

in humans, for example in pain (Amanzio and Benedetti, 1999),

the immune system (Goebel et al., 2002), and the endocrine

and motor systems (Benedetti et al., 2003), although unfortu-

nately no systematic investigation has been done in a real clinical

setting. There are, however, some indications that the applica-

tion of placebo-induced drug-like effects without drugs is possi-

ble in the clinic. For example, Benedetti et al. (2004a) conditioned

Parkinson’s patients with repeated administrations of the anti-

Parkinson’s drug apomorphin before the surgical implantation

of electrodes for deep brain stimulation. Then, the investigators

replaced apomorphin with a placebo in the operating room

and obtained a powerful placebo reduction of muscle rigidity

that mimicked the effects of apomorphin during the previous

days. Although the effect was short-lasting (no longer than 20–

30 min), it was useful from a clinical point of view because the

patient improved and felt better for a while, thus making some

surgical procedures easier and faster. These drug-mimicking

effects could be particularly useful whenever the drug has impor-

tant side effects. For example, in the study by Benedetti et al.

(2004a), the presurgical apomorphin resulted in both clinical
202 Neuron 59, July 31, 2008 ª2008 Elsevier Inc.
improvement and some side effects, like dyskinesia, whereas

the placebo in the operating room induced improvement but

not dyskinesia.

Besides the clinic, there are also some other areas of society in

which the drug-like effects of placebos may have a strong

impact. In a very recent study, Benedetti et al. (2007b) used pla-

cebos in an experimental simulation of a sporting event, whereby

a placebo was given on the competition day after precondition-

ing with a narcotic in the training phase. In fact, after repeated

administrations of morphine in the training phase, its replace-

ment with a placebo on the day of the competition induced an

opioid-mediated increase in pain endurance and physical perfor-

mance, even though no illegal drug was administered. This

shows that athletes can be preconditioned with narcotics and

then a placebo given just before the competition, thus avoiding

the administration of illegal drugs on the competition day. These

narcotic-like effects of placebos raise the important question of

whether opioid-mediated placebo responses are ethically ac-

ceptable in sport or whether they should rather be considered

as a doping procedure in all respects. In the light of the distinc-

tion between drugs that are prohibited during and/or out of com-

petition, the preconditioning procedure may be deemed ethical

and legal for drugs that are prohibited only during competition,

like narcotics (World Anti-Doping Agency 2007, www.wada.

ama.org). However, it may also be considered illegal because

morphine administration is aimed at conditioning the subjects

for subsequent replacement with a placebo, which is supposed

to show morphine-like effects during the competition. This issue

is not easy to be resolved and needs both an ethical and a legal

discussion. In fact, doping is a matter of great public concern

today, and we should be aware that if a procedure like the one

described by Benedetti et al. (2007b) is performed, illegal drugs

in sport would no longer be discoverable, nor would they violate

the current antidoping rules.

Where Does Placebo Research Go from Here?
Despite the recent explosion of neurobiological placebo re-

search using sophisticated tools, such as neuroimaging, in vivo

receptor binding, and single-neuron recording in awake sub-

jects, our knowledge of the mechanisms underlying the placebo

effect is still in its infancy, and several issues need to be ad-

dressed in future research. The major questions to be answered

are where, when, how, and why placebo effects occur. In fact, we

need to know where they work exactly, that is, in which medical

conditions. For example, are all diseases and symptoms subject

to placebo effects? We also need to know when they work, that

is, whether there are special circumstances that are particularly

amenable to placebo effects. How they work is also a major

question, as we need to understand the brain mechanisms at

both the macroscopic (brain regions and their interactions with

body functions) and microscopic (cellular and molecular) level.

Finally, determining why placebo effects exist at all represents

a major scientific challenge, and meeting that challenge will

give us insights into the possible evolution of endogenous

healthcare systems.

Besides the profound implications of placebo research for a

better understanding of human biology, some practical aspects

should not be forgotten. For example, placebo and nocebo
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phenomena are a major hurdle in the development and validation

of new treatments, as high placebo responses sometimes distort

the effects of a therapy. If we can identify in more detail the major

mechanisms involved in placebo responsiveness, we could also

develop strategies aimed at minimizing placebo effects, thereby

uncovering the real effect of a therapy. Likewise, nocebo effects

can be a serious drawback, as negative reactions to drugs are

sometimes due to psychological effects rather than to specific

negative effects of the drug itself. Therefore, research aimed at

investigating nocebo mechanisms would enable us to disentan-

gle the negative effects of the drug from those of the psycholog-

ical state of the patient. In addition, a better understanding of the

neurobiology of the placebo and nocebo responses will form the

basis for designing behavioral protocols that can be employed

as supportive therapy together with standard pharmacological

regimen, the aim being to maximize the therapeutic outcome

for the patient’s benefit.

We believe that the future years will be characterized by

a deeper understanding of both the placebo and nocebo phe-

nomena, which in turn will give us profound insights into many

aspects of human biology.
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Nocebo effects can make you feel pain: 
Negative expectancies derived from features of commercial drugs elicit nocebo effects 

Luana Colloca 

University of Maryland, School of Nursing and School of Medicine, Baltimore, C655 W. Lombard 
Street Suite 729, 21201 Baltimore, MD 

The mysterious phenomenon known as the nocebo effect describes the effects of negative 

expectancies. This is in contrast to positive expectations that trigger placebo effects (1). In 

evolutionary terms, nocebo and placebo effects coexist to favor perceptual mechanisms that 

anticipate threat and dangerous events (nocebo effects) and promote appetitive and safety 

behaviors (placebo effects). In randomized placebo-controlled clinical trials, patients that 

receive placebos often report side effects (nocebos) that are similar to those experienced by 

patients that receive the investigational treatment (2). Information provided during the 

informed consent process and divulgence of adverse effects contribute to nocebo effects in 

clinical trials (I). Nocebo (and placebo) effects engage a complex set of neural circuits in the 

central nervous system that modulate the perception of touch, pressure, pain and temperature 

(I, 3, 4). Commercial features of drugs such as price and labeling influence placebos (5, 6). 

On page I 05 of this issue, Tinnermann et al (7) show that price also impacts nocebo effects. 

Tinnermann et al evaluated the responses of healthy participants who received two placebo 

creams labeled with two distinct prices and presented in two boxes that had marketing 

characteristics for expensive and cheap medication. The creams were described as products 

that relieve itch but induce local pain sensitization (hyperalgesia). All creams, including 

controls, were identical and contained no active ingredients. Nocebo hyperalgesic effects 

were larger for the "more expensive" cream than for the "cheaper" cream. Combined 

cortico-spinal imaging revealed that the expensive price value increased activity in the 

prefrontal cortex. Furthermore, brain regions such as the rostral anterior cingulate cortex 

(rACC) and the periacqueductal gray (PAG), encoded the differential nocebo effects between 

the expensive and cheaper treatments. Expectancies of higher pain-related side effects 

associated with the expensive cream may have triggered a facilitation of nociception 

processes at early subcortical areas and the spinal cord [which are also involved in placebo

induced reduction of pain (8)]. The rACC showed a deactivation and favored a subsequent 

activation of the PAG and spinal cord resulting in an increase of the nociceptive inputs. This 

finding suggests that the rACC-PAG-spinal axis may orchestrate the effects of pricing on 

nocebo hyperalgesia (see the figure). 

The anticipation of forthcoming painful stimulation makes healthy study participants 

perceive non-painful and low-painful stimulations as painful and high-painful, respectively 

(9). Verbally-induced nocebo effects are as strong as those induced through actual exposure 

to high pain (9). Moreover, receiving a placebo after simulating an effective analgesic 

treatment compared to receiving the same placebo intervention after a treatment perceived as 

ineffective produce a 49.3% versus 9.7% placebo induced pain reduction, respectively (I 0). 
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The relationship between prior either unsuccessful or successful pain relief interventions and 

placebo analgesic effects is linked to a higher activation of the bilateral posterior insulae, 

and reduced activation of the right dorsolateral prefrontal cortex (11).

Informing patients that a treatment has been stopped, compared to a covert treatment 

interruption, impacts the response to morphine, diazepan or deep brain stimulation in post-

operative acute pain, anxiety or idiopathic Parkinson’s disease, respectively (12). Patients 

openly informed about the interruption of each intervention experience a sudden increase of 

pain, anxiety or bradykinesia (a manifestation of Parkinson’s disease), whereas a hidden 

interruption does not (12). Neuroimaging approaches support the clinical observation. For 

example, the action of the analgesic, remifentanil, is over-ridden by activation of the 

hippocampus that occurs when healthy participants that receive heat painful stimulations are 

misleadingly told that the remifentanil administration was interrupted (13). These findings 

provide evidence that communication of treatment discontinuation might at least in part, 

lead to nocebo effects with aggravation of symptoms.

In placebo-controlled clinical trials, nocebo effects can influence patients’ clinical outcomes 

and treatment adherence. The Lipid-Lowering Arm of the Anglo-Scandinavian Cardiac 

Outcomes Trial shows that atorvastatin induced in the same individuals an excess rate of 

muscle-related adverse events in the non-blinded (ie. patients knew they were taking 

atorvastatin) non-randomized three year follow-up phase but not in the initial blinded five 

year phase when patients and physicians were unaware of the treatment allocation 

(atorvastatin or placebo) (14). Misleading information about side effects for statins via 

public claims has led to treatment discontinuation and increased fatal strokes and heart 

attacks (14).

Given that nocebo effects contribute to perceived side effects and may influence clinical 

outcomes and patients’ adherence to medication we should consider how to avoid them in 

clinical trials and practices (15). For example, nocebo effects might be reduced by tailoring 

patient-clinician communication to balance truthful information about adverse events with 

expectations of outcome improvement, exploring patients’ treatment beliefs and prior 

negative therapeutic history, and paying attention to framing (ie, treatment description) and 

contextual effects (ie, price). Through an understanding of the physiological mechanisms, 

strategies could be developed to reduce nocebo effects.
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Figure 1. 
Medication price and labeling create expectancies of side effects that can lead to nocebo 

hyperalgesia that is in turn, mediated by an activation of the rACC-PAG-spinal cord 

coupling.
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1 I. INTRODUCTION AND QUALIFICATIONS 

2 

3 Q. Please state your name, employer, and business address. 

4 A. My name is Peter Pawlowski. I am Vice President, Wind, at Sustainable Power 

5 Group, LLC ("sPower"), 2180 South 1300 East, Suite 600, Salt Lake City, Utah 

6 84106. 

7 

8 Q. Please describe your educational and professional background. 

9 A. In my current position, I am responsible for sPower's wind business plan and 

10 implementation.. I have held this position since 2017. In 2016, I was a project 

11 manager with sPower, where I oversaw the construction of the 80-megawatt Pioneer 

12 Wind Park in Glen Rock Wyoming. Prior to that, I worked with two renewable 

13 energy companies developing wind projects. Overall, I have approximately 20 years 

14 working in energy development. I have a Bachelor of Science in Aerospace 

15 Engineering from the University of Maryland, College Park. 

16 

17 Q . What is your role with respect to the Prevailing Wind Energy Project 

18 ("Project")? 

19 A. I supervise the sPower team working on the Project and am directly responsible for 

20 planning and implementation of all aspects of Project development. 

21 

22 Q. Did you previously provide prefiled testimony in this docket? 

23 A. No. However, as noted below, I am adopting James Damon's Direct Testimony as 

24 my own going forward, since Mr. Damon recently left sPower. 

25 

26 II. PURPOSE OF TESTIMONY 

27 

28 Q. What is the purpose of your Direct Testimony? 

29 A. The purpose of my testimony is to provide updates to certain information in the 

30 Application. Specifically, I will: 

31 • Discuss the current status of local permitting for the Project; 

1 
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32 • Provide an update on turbine model selection for the Project; and 

33 • Describe commitments the Applicant is making with respect to the Project. 

34 

35 In addition, I am adopting Mr. Damon's Direct Testimony and am sponsoring the 

36 associated Application sections with the exception of Section 20.1.2.3, Property 

37 Value Impacts, which is being addressed by Michael MaRous in his supplemental 

38 direct testimony. Mr. MaRous is also supporting Appendix P (2009 Berkeley 

39 Property Values Study) and Appendix Q (2013 Berkeley Property Values Study). 

40 

41 Q. What exhibits are attached to your Supplemental Testimony? 

42 A. The following Exhibits are attached to my Supplemental Testimony: 

43 • Exhibit 1 : Resume 

44 • Exhibit 2: Example of a Federal Aviation Administration ("FAA") Determination 

45 of No Hazard for a Project turbine location 

46 

47 Ill. LOCAL PERMITTING UPDATE 

48 

49 Q. Please provide an update regarding the status of the Project's local permitting. 

50 A Since submitting the Application in May 2018, Prevailing Wind Park has continued to 

51 pursue the local permits that will be required for the Project. An update on the 

52 permitting status in each county where Project facilities are proposed follows: 

53 • Bon Homme: Prevailing Wind Park submitted its application for a wind energy 

54 system approval to the Bon Homme County Board of Commissioners on 

55 August 2, 2018, and expects a decision on that application in August 2018. 

56 • Hutchinson: Prevailing Wind Park plans to submit applications for conditional 

57 use permits for the Project to Hutchinson County in mid-August 2018. 

58 • Charles Mix: Charles Mix County does not currently have a zoning ordinance, 

59 but does issue building permits. Prevailing Wind Park received building 

60 permits for the Project in July 2018. Prevailing Wind Park submitted an 

61 affidavit making setback and other commitments for the Project facilities 

62 located in Charles Mix County. The Charles Mix County Board of 

2 
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63 Commissioners formally accepted the affidavit at its meeting on August 9, 

64 2018 noting that the commitments were responsive to the county's concerns. 

65 In addition, Prevailing Wind Park will be seeking appropriate approvals this fall from 

66 Yankton County for a substation and portion of the 115 kV transmission line that will 

67 interconnect the Project with the transmission system. 

68 

69 IV. TURBINE MODELS 

70 

71 Q. Has Prevailing Wind Park selected the turbine model it will use for the Project? 

72 A. Yes. Prevailing Wind Park has selected the GE 3.8-137 wind turbine model for the 

73 Project. 

74 

75 Q . At the July 12, 2018 public input hearing, some members of the public 

76 expressed concern over the height of the proposed turbine models being 

77 considered for the Project. Do you have a response? 

78 A. Yes. I understand that some commenters expressed concern regarding the height 

79 of the turbine models under consideration for the Project. However, it is important to 

80 understand that the Project has been designed to comply with all applicable 

81 requirements, including setbacks, noise, shadow flicker, and FAA requirements. 

82 Therefore, while the turbines may be taller than other turbines in the area, they must 

83 meet the same - or even more stringent - requirements. 

84 

85 Q. Has Prevailing Wind Park sought FAA review and approval of the proposed 

86 turbine locations accounting for the height of the proposed turbine model? 

87 A. Yes. Prevailing Wind Park filed Notices of Proposed Construction (Form 7460-1) 

88 with the FAA for all wind turbine and permanent meteorological tower locations. In 

89 accordance with its requirements for structures of the height of the proposed turbine, 

90 on May 17, 2018, the FAA issued a public notice advising that it was undertaking an 

91 aeronautical study that includes all 63 proposed turbine sites. The notice provided a 

92 comment period through June 23, 2018, and stated: 

93 

3 
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94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

Preliminary FAA study indicates that the above-mentioned 

structure would: 

• have no effect on any existing or proposed arrival, 

departure, or en route instrument flight rules (/FR) 

operations or procedures. 

• not exceed traffic pattern airspace. 

• have no physical or electromagnetic effect on the 

operation of air navigation and communications 

facilities. 

• have no effect on any airspace and routes used by 

the military. 

106 After its study and the comment period, on June 28, 2018, the FAA issued a 

107 Determination of No Hazard to Air Navigation ("DNH") for each of the proposed 

108 turbine sites. An example DNH is attached as Exhibit 2. 

109 

110 V. AIRCRAFT DETECTION LIGHTING SYSTEM 

111 

112 Q. What is ADLS? 

113 A. ADLS involves the installation of radar units around the perimeter of a wind project. 

114 So long as the radar does not detect an aircraft it sends a signal to the wind turbine 

115 lighting telling them to stay off. When the radar detects aircraft, it stops sending the 

116 stay off signal and the wind turbine lighting activates. At other times, the wind 

117 turbine lighting remains off. ADLS continues to be a relatively new technology, and 

118 use of ADLS at a wind project requires FAA approval. sPower, under my direction, 

119 installed the first ADLS system on the Pioneer Wind Park in Wyoming which became 

120 operational in October 2016. As I noted during my presentation at the public input 

121 hearing, Prevailing Wind Park intends to install ADLS on the Project, provided that 

122 the FAA approves the use of this technology for the Project. 

123 

124 

4 
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125 VI. OTHER PROJECT COMMITMENTS 

126 

127 Q. Is Prevailing Wind Park willing to make other commitments related to the 

128 designJ construct.ion, and operation of the Project? 

129 A. Yes. After reviewing the permit conditions the South Dakota Public Utilities 

130 Commission imposed on the Dakota Range Project in Docket No. EL 18-003, 

131 Prevailing Wind Park has determined that it is generally willing to accept the same 

132 permit conditions for this Project. We plan to coordinate with Commission Staff to 

133 develop a specific list of conditions to propose at the evidentiary hearing, but I will 

134 highlight a few specific commitments: 

135 • Prevailing Wind Park is committed to funding an escrow account to set aside 

136 funds for decommissioning that is based on the decommissioning cost 

137 estimate set forth the Decommissioning Cost Analysis provided with the 

138 Supplemental Direct Testimony of Daniel Pardo. 

139 • Prevailing Wind Park is committed to having a public liaison officer appointed 

140 for the Project. 

141 • Prevailing Wind Park is committed to addressing potential blade icing 

142 concerns via the same methods outlined in paragraph 40 of the Dakota 

143 Range Permit conditions. 

144 • As noted above, Prevailing Wind Park is committed to installing ADLS on the 

145 Project, provided that the FAA approves the use of this technology for the 

146 Project. 

147 

5 
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148 VII. CONCLUSION 

149 

150 Q. Does this conclude your Supplemental Direct Testimony? 

151 A. Yes. 

152 

153 Dated this 10th day of August, 2018. 
154 

155 

156 

157 ,.. 
£ 
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PETER C. PAWLOWSKI 

EXPERIENCE 
2016- Present 

2011 - 2015 

2000-2011 

EDUCATION 

Exhibit A6-1 

Sustainable Power Group (sPower) 
Salt Lake City, Utah Vice President, Wind 2017 - Present 

• Responsible for the company's wind development 

• Responsible for building out the wind pipeline thought M&A and 
greenfield development 

• Responsible for the development of all wind projects 

Salt Lake City, Utah !Vind Prqject Manager 2016 

• Executed the construction of Pioneer \Xlind Park in Glen Rock Wyoming 
including TSA, O&M, EPC and all other commercial agreements 

New Dimension Energy Company (NDEC) Subsidiary of Ogin, Inc. 
\X/altham, Massachusetts Direc/01; B11siness Develop111e11t 

• Responsible for the company's California business plan and focus for new 
wind turbine technology 

• Created the business plan for NDEC that was designed for the 
commercialization of a new shrouded wind turbine technology 

• Lead role in the business plan for NDEC capital raise of $50 million 

• Led repowering and designed the strategy of the Alameda County project 
including the acquisition of AES Sea\Xlest Power Resources in Alameda 
CA 

• Led the submission and selection of PP As in California including bilateral 
negotiations. 

• Provided development support and expertise for UK turbine deployment 

Competitive Power Ventures, Inc., (CPV) Silver Spring, Maryland 
Director 2006 - 2011 

• Responsible for renewable development in California, Pacific Northwest, 
Nevada, Colorado and the PJM RTO area. 

• All aspects of development from conception to construction including: 
commercialization opportunities; permitting; community relations; 
regulatory issues on the state level; equipment and EPC contracts. 

• Determined strategy, site selection and review of over 300 PV sites in CA. 
• Responsible for development of two IL wind farms totaling 300 M\XI. 

• Project development duties; negotiating with local officials, regulatory 
bodies and landowners to design an economically and politically viable 
project; directing contractors to design a viable project 

• Responsible for equipment, construction and PPA negotiation 

• Responsibility for project acquisition, site and market selection. 

Manager 2004 - 2006 

• Project management of an existing fossil development project in Virginia. 
650 MW' 

• Led efforts to submit a successful bid to the PG&E fossil RFP for the 
CPV Colusa project while acquiring the site and establishing the 
development team. 600 M\XI 

University of Maryland, College Park, Maryland 
B.S. in Aerospace Enginee,i11g Mqy 2000 
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Mail Processing Center 
Federal Aviation Administration 
Southwest Regional Office 
Obstruction Evaluation Group 
10 l O l Hill wood Parkway 
Fort Worth, TX 76177 

Issued Date: 06/28/2018 

Peter Pawlowski 
S Power 
2180 South 1300 East 
Salt Lake City, UT 84106 

Aeronautical Study No. 
2018-WTE-3 756-OE 

Exhibit A6-2 

** DETERMINATION OF NO HAZARD TO AIR NAVIGATION** 

The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C., 
Section 44 718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning: 

Structure: 
Location: 
Latitude: 
Longitude: 
Heights: 

Wind Turbine Tl 7 
Avon, SD 
43-06-32.78N NAD 83 
98-05-05.84W 
1719 feet site elevation (SE) 
590 feet above ground level (AGL) 
2309 feet above mean sea level (AMSL) 

This aeronautical study revealed that the structure would have no substantial adverse effect on the safe 
and efficient utilization of the navigable airspace by aircraft or on the operation of air navigation facilities. 
Therefore, pursuant to the authority delegated to me, it is hereby determined that the structure would not be a 
hazard to air navigation provided the following condition(s) is(are) met: 

As a condition to this Determination, the structure is to be marked/lighted in accordance with FAA Advisory 
circular 70/7460-1 L Change 1, Obstruction Marking and Lighting, white paint/synchronized red lights -
Chapters 4,12&13(Turbines). 

Any failure or malfunction that lasts more than thirty (30) minutes and affects a top light or flashing obstruction 
light, regardless of its position, should be reported immediately to (877) 487-6867 so a Notice to Airmen 
(NOTAM) can be issued. As soon as the normal operation is restored, notify the same number. 

It is required that FAA Form 7460-2, Notice of Actual Construction or Alteration, bee-filed any time the 
project is abandoned or: 

__ At least 10 days prior to start of construction (7 460-2, Part 1) 
_ X_ Within 5 days after the construction reaches its greatest height (7460-2, Part 2) 

See attachment for additional condition(s) or information. 

i his determination expires on 12/28/2019 unless: 

Pagel of 5 Page 1 of 5  
015072



Page 2 of 5

(a) the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.

(b) extended, revised, or terminated by the issuing office.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.

This determination is subject to review if an interested party files a petition that is received by the FAA on or
before July 28, 2018. In the event a petition for review is filed, it must contain a full statement of the basis upon
which it is made and be submitted to the Manager of the Airspace Policy Group. Petitions can be submitted via
mail to Federal Aviation Administration, 800 Independence Ave, SW, Room 423, Washington, DC 20591, via
email at OEPetitions@faa.gov, or via facsimile (202) 267-9328.

This determination becomes final on August 07, 2018 unless a petition is timely filed. In which case, this
determination will not become final pending disposition of the petition. Interested parties will be notified of
the grant of any review. For any questions regarding your petition, please contact Airspace Policy Group via
telephone – 202-267-8783.

This determination is based, in part, on the foregoing description which includes specific coordinates and
heights. This determination is valid for coordinates within one (1) second latitude/longitude and up to the
approved AMSL height listed above. If a certified 1A or 2C accuracy survey was required to mitigate an
adverse effect, any change in coordinates or increase in height will require a new certified accuracy survey and
may require a new aeronautical study.

If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.

Additional wind turbines or met towers proposed in the future may cause a cumulative effect on the national
airspace system. All information from submission of Supplemental Notice (7460-2 Part 2) will be considered
the final data (including heights) for this structure. Any future construction or alteration, including but not
limited to changes in heights, requires separate notice to the FAA.

Obstruction marking and lighting recommendations for wind turbine farms are based on the scheme for the
entire project. ANY change to the height, location or number of turbines within this project will require a
reanalysis of the marking and lighting recommendation for the entire project. In particular, the removal of
previously planned or built turbines/turbine locations from the project will often result in a change in the
marking/lighting recommendation for other turbines within the project. It is the proponent's responsibility to
contact the FAA to discuss the process for developing a revised obstruction marking and lighting plan should
this occur.

In order to ensure proper conspicuity of turbines at night during construction, all turbines should be lit with
temporary lighting once they reach a height of 200 feet or greater until such time the permanent lighting
configuration is turned on. As the height of the structure continues to increase, the temporary lighting should
be relocated to the uppermost part of the structure. The temporary lighting may be turned off for periods when
they would interfere with construction personnel. If practical, permanent obstruction lights should be installed
and operated at each level as construction progresses. An FAA Type L-810 steady red light fixture shall be

Exhibit A6-2
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used to light the structure during the construction phase. If power is not available, turbines shall be lit with self-
contained, solar powered LED steady red light fixture that meets the photometric requirements of an FAA Type
L-810 lighting system. The lights should be positioned to ensure that a pilot has an unobstructed view of at least
one light at each level. The use of a NOTAM (D) to not light turbines within a project until the entire project
has been completed is prohibited.

This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.

This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.

This aeronautical study considered and analyzed the impact on existing and proposed arrival, departure, and
en route procedures for aircraft operating under both visual flight rules and instrument flight rules; the impact
on all existing and planned public-use airports, military airports and aeronautical facilities; and the cumulative
impact resulting from the studied structure when combined with the impact of other existing or proposed
structures. The study disclosed that the described structure would have no substantial adverse effect on air
navigation.

An account of the study findings, aeronautical objections received by the FAA during the study (if any), and the
basis for the FAA's decision in this matter can be found on the following page(s).

If we can be of further assistance, please contact Steve Phillips, at (816) 329-2523, or steve.phillips@faa.gov.
On any future correspondence concerning this matter, please refer to Aeronautical Study Number 2018-
WTE-3756-OE.

Signature Control No: 362188474-368945159 ( DNH -WT )
Mike Helvey
Manager, Obstruction Evaluation Group

Attachment(s)
Additional Information
Map(s)
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Additional information for ASN 2018-WTE-3756-OE

 
Abbreviations: 
AGL, Above Ground Level 
AMSL, Above Mean Sea Level 
ASN, Aeronautical Study Number 
CFR, Code of Federal Regulations 
IFR, Instrument Flight Rules 
NM, Nautical Mile 
VFR, Visual Flight Rules 
 
The proposed structures (Wind Turbines) would be located approximately 6.89 - 14.77 NM northeast - east
 of the Airport Reference Point for the Wagner Municipal Airport (AGZ), Wagner, SD.  The ASNs with
 coordinates, AGL heights, and AMSL heights are as shown on page one.  These would exceed the obstruction
 standards of 14 CFR Part 77 as follows: 
 
Section 77.17(a)(1): by 91 feet; A height that exceeds 499 feet AGL. 
 
In order to facilitate the public comment process, the studies were circularized on May 17, 2018 under ASN
 2018-WTE-3741-OE to all known aviation interests and to non-aeronautical interests that may be affected by
 the proposal.  No letters of objection were received as a result of the circularization. 
 
Aeronautical study disclosed that the proposed structures would have no effect on any existing or proposed
 arrival, departure, or en route IFR operations or procedures.   
 
Study for possible VFR effect disclosed that the proposed structures would have no effect on arrival or
 departure VFR operations or procedures.  The proposed structures would be beyond traffic pattern airspace;
 therefore, they would not conflict with airspace required to conduct normal VFR traffic pattern operations
 at AGZ or any other known public use or military airports.  At 590 feet AGL, the structures would penetrate
 altitudes commonly used for en route VFR flight, however no information was received to indicate they would
 be located within any known regularly used VFR routes.  Therefore, they would not have a substantial adverse
 effect on en route VFR flight operations.   
 
The proposed structures would be appropriately obstruction marked/lighted to make them more conspicuous to
 airmen should circumnavigation be necessary.  
  
The cumulative impact of the proposed structures, when combined with other proposed and existing structures,
 is not considered to be significant.  Study did not disclose any significant adverse effect on existing or proposed
 public-use or military airports or navigational facilities, nor would the proposals affect the capacity of any
 known existing or planned public-use or military airport. 
 
Therefore, it is determined that the proposed construction would not have a substantial adverse effect on the
 safe and efficient utilization of the navigable airspace by aircraft or on any air navigation facility and would not
 be a hazard to air navigation providing the conditions set forth in this determination are met. 

Exhibit A6-2
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Sectional Map for ASN 2018-WTE-3756-OE Exhibit A6-2
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I. INTRODUCTION AND QUALIFICATIONS 1 

 2 

Q. Please state your name, employer, and business address. 3 

A. My name is James Damon.  I am a Senior Project Manager at sPower Development 4 

Company, LLC (“sPower”).  My business address is 2180 South 1300 East, Suite 5 

600, Salt Lake City, Utah. 6 

 7 

Q. Briefly describe your educational and professional background. 8 

A. I have a Bachelor of Arts in Urban Studies and Political Science, and a Master’s 9 

Degree in City and Regional Planning. 10 

 11 

I am a Senior Project Manager and manage a 500-megawatt (“MW”) development 12 

portfolio at sPower. I am responsible for structuring and negotiating land 13 

agreements, negotiating and managing engineering and procurement contracts, 14 

performing technical due diligence for project acquisitions, managing project 15 

budgets, and managing third-party consultants.  I have over 10 years of experience 16 

in renewable energy development.    17 

 18 

A copy of my resume is attached as Exhibit 1.  19 

 20 

Q. Could you explain the relationship between Prevailing Wind Park, LLC 21 

(“Prevailing Wind Park” or the “Applicant”) and sPower with respect to the 22 

proposed Prevailing Wind Park Energy Facility (“Project”)? 23 

A. Prevailing Wind Park, a South Dakota limited liability company, is a wholly owned 24 

subsidiary of sPower.  Prevailing Wind Park will own and develop the Project. 25 

 26 

Q. Could you please describe sPower’s experience in the renewable energy 27 

industry? 28 

A. sPower is the largest private owner of operating solar assets in the United 29 

States.  sPower owns and operates a portfolio of solar and wind assets greater than 30 

1.3 gigawatts (“GW”) and has a development pipeline of more than 10 GW. sPower 31 
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is owned by a joint venture partnership between The AES Corporation (NYSE: AES), 32 

a worldwide energy company headquartered in Arlington, Virginia, and the Alberta 33 

Investment Management Corporation, one of Canada’s largest and most diversified 34 

institutional investment fund managers.  35 

 36 

Q. What is your role with respect to the Project? 37 

A. I am the Project manager, and in that role, I oversee development of the Project. 38 

 39 

II. PURPOSE OF TESTIMONY 40 

 41 

Q. What is the purpose of your Direct Testimony? 42 

A. The purpose of my testimony is to provide an overview of the Project’s development 43 

history, including:  Project site selection, site analysis, and layout and facility design.  44 

I also provide testimony regarding Project operational considerations.  45 

 46 

Q. What exhibits are attached to your Direct Testimony? 47 

A. The following exhibits are attached to my Direct Testimony: 48 

 Exhibit 1:  Resume 49 

 50 

Q. Please identify the sections of the Application to the South Dakota Public 51 

Utilities Commission for a Facility Permit (“Application”) that you are 52 

sponsoring for the record. 53 

A. I am sponsoring the following portions of the Application: 54 

 Section 1.0:  Introduction 55 

 Section 2.0:  Project Development Summary  56 

 Section 3.0:  Facility Permit Application 57 

 Section 4.0:  Names of Participants 58 

 Section 5.0:  Name of Owner and Manager 59 

 Section 6.0:  Purpose of, and Demand for, the Wind Energy Facility 60 

 Section 7.0:  Estimated Cost of the Wind Energy Facility 61 

 Section 9.0 Alternate Sites and Siting Criteria 62 
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 Section 15.6:  Electromagnetic Interference 63 

 Section 19.0:  Time Schedule 64 

 Section 20.0: Community Impact (with the exception of those subsections 65 

concerning cultural resources) 66 

 Section 21.0:  Employment Estimates 67 

 Section 23.0:  Future Additions and Modifications 68 

 Section 25.0:  Reliability and Safety 69 

 Section 26.0:  Information Concerning Wind Energy Facilities 70 

 Section 27.4:  Applicants Burden of Proof 71 

 Section 28.0:  Testimony and Exhibits 72 

 Section 29.0:  References 73 

 Appendix A:  Figures 74 

 Appendix O:  RF Impact Report 75 

 Appendix P:  2009 Berkeley Property Values Study 76 

 Appendix Q:  2013 Berkeley Property Values Study 77 

 78 

III. PROJECT OVERVIEW 79 

 80 

Q. Who will own and operate the Project? 81 

A. Prevailing Wind Park will own, manage, and operate the Project. 82 

 83 

Q. Please provide a basic description of the Project, including where it is located. 84 

A. The proposed Project is an up to 219.7-MW nameplate capacity wind energy facility 85 

to be located within a 50,364-acre project area (“Project Area”) in Bon Homme, 86 

Charles Mix, and Hutchinson counties, South Dakota.  The Project will consist of the 87 

following components: 88 

 Up to 61 wind turbines; 89 

 Access roads to wind turbines and associated facilities; 90 

 An underground electrical power collector and communication system; 91 

 A collector substation;  92 

 Up to four permanent meteorological (“MET”) towers; 93 
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 An operations and maintenance (“O&M”) facility; and  94 

 Additional temporary construction areas, including crane paths, public road 95 

improvements, a laydown yard, and one or more concrete batch plants (as 96 

needed).   97 

 98 

Q. Has Prevailing Wind Park secured all of the necessary private property rights 99 

for the Project? 100 

A. Yes.  Prevailing Wind Park has secured all of the private land rights necessary to 101 

construct the Project.  Prevailing Wind Park will work with local units of government 102 

to obtain the necessary road crossing and utility permits for the Project. 103 

 104 

Q. How and where will the Project interconnect to the electric grid? 105 

A. The Project will interconnect with Western Area Power Administration’s (“WAPA”) 106 

existing Utica Junction Substation, located approximately 27 miles east of the 107 

Project.  The Applicant is proposing to construct a new 115-kilovolt (“kV”) gen-tie line 108 

in Bon Homme and Yankton counties from the collector substation to the Utica 109 

Junction Substation.  The gen-tie line and step-up interconnection substation are not 110 

under the jurisdiction of the South Dakota Public Utilities Commission 111 

(”Commission”) and will be permitted in Bon Homme and Yankton counties. 112 

 113 

Q. Has the Project identified an off-taker for the energy it will produce? 114 

A. Yes.  In January 2018, Prevailing Wind Park entered into a 30-year 200-MW power 115 

purchase agreement (“PPA”) with a South Dakota load-serving entity.   116 

 117 

Q. What is the proposed development schedule for the Project? 118 

A. Prevailing Wind Park expects to commence construction activities in the Fourth 119 

Quarter of 2018 and have the Project operational in the Fourth Quarter of 2019.  120 

However, commencement of construction is dependent on the timing of 121 

interconnection studies, required transmission upgrades, and securing  Project 122 

financing.   123 

 124 
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IV. OVERVIEW OF SITE SELECTION 125 

 126 

Q. Please provide an overview of the Project’s development history.  127 

A. A group of local investors formed Prevailing Winds, LLC in 2014, following the 128 

successful development of the 80 MW B&H Wind Project (now Beethoven Wind 129 

Project), to create additional sources of income for area landowners and economic 130 

growth for the local communities through wind energy.  131 

 132 

Prevailing Winds, LLC filed an application with the Commission in June 2016 for a 133 

200-MW wind farm with up to 100 2.3-MW wind turbines.  At that time, Prevailing 134 

Winds, LLC did not have all private land rights secured for the Project and did not 135 

have an off-taker for the energy that would be produced.  Prevailing Winds, LLC 136 

subsequently withdrew the application in August 2016.   137 

 138 

In October 2017, sPower acquired the Prevailing Wind Park, LLC assets and 139 

development rights to the Project from Prevailing Winds, LLC. sPower formed 140 

Prevailing Wind Park, LLC which  has undertaken extensive development activities, 141 

acquired all necessary private land rights, and secured an off-taker for the Project’s 142 

output. 143 

 144 

Q. How was the location of the Project initially identified? 145 

A. In 2015, Prevailing Winds, LLC conducted feasibility studies to identify a potential 146 

wind project location along WAPA’s Fort Randal to Utica Junction to Sioux City 147 

double-circuit 230-kV transmission line.  Three separate site alternatives along the 148 

line were studied, and a site in Bon Homme and Charles Mix counties was initially 149 

selected.  This site was selected due to the superior wind resource, lower population 150 

density, and lower environmental risks, as compared to the alternative sites.  151 

Following selection of the initial site and Prevailing Wind Park’s acquisition of the 152 

Project, the Project boundary has been further refined over time based on the results 153 

of community outreach, land acquisition, agency coordination, and completion of 154 

additional studies.  These refinements have included a shift of the Project boundary 155 
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to the north away from the Missouri River.  In addition to acreage in Bon Homme 156 

and Charles Mix counties, the Project Area now includes acreage in Hutchinson 157 

County.   158 

 159 

V. TURBINE MODEL SELECTION 160 

 161 

Q. Has Prevailing Wind Park made a final turbine model selection for the Project? 162 

A. No, not at this time.  Prevailing Wind Park is considering turbines with an energy 163 

production range between 3.6 MW and 3.8 MW, and the Application contains 164 

information regarding two representative turbines, the General Electric (“GE”) 3.8-165 

137 and the Vestas V136-3.6 turbine models.  The final decision regarding turbine 166 

model will be made prior to construction.  167 

 168 

Q. Why is it important for the Project to have flexibility with respect to the turbine 169 

model selected? 170 

A. Identifying one turbine option at this time would make it difficult for Prevailing Wind 171 

Park to negotiate the best turbine price with suppliers.  Turbine supply agreements 172 

are not typically executed until after receipt of most major permits.  This timing is 173 

due, in part, to the large capital investment required in connection with wind turbine 174 

acquisition.  Additionally, flexibility in turbine model selection will provide for 175 

optimization of Project design, as it will allow Prevailing Wind Park to consider 176 

known conditions of the Project Area and all wind turbines commercially available at 177 

the time of construction – turbine technology is continually evolving, so such 178 

flexibility will allow the Project to take advantage of the latest technological 179 

developments in wind turbines.  For any wind project to remain competitive, it must 180 

have the flexibility to use the latest turbine technology at the lowest costs.   181 

 182 

VI. PROJECT CONFIGURATION 183 

 184 

Q. Is the Project’s proposed configuration depicted in Figure 2 of the 185 

Application? 186 
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A. Yes, Figure 2 to the Application shows the 63 turbine locations proposed for the 187 

configuration of the Project.  Please note that the turbine numbers go from 1-58 and 188 

60-64; as the turbine location 59 was eliminated. 189 

 190 

Q. Is this same configuration proposed for any turbine model selected? 191 

A. Yes.  The configuration shown in Figure 2 to the Application will be used for the 192 

turbine model finally selected for the Project, whether the GE model, the Vestas 193 

model, or another comparable turbine model is used.  Depending on the turbine 194 

model selected, a subset of the 63 proposed turbine locations will be used in order 195 

to reach a total output of up to 200 MW.  Although not all of the 63 proposed 196 

locations will be used, acoustic and shadow flicker modeling was conducted at all 63 197 

proposed turbine locations for both of the representative turbine models.  If a 198 

different turbine model is ultimately selected, Prevailing Wind Park will update its 199 

acoustic and shadow flicker modeling.  200 

 201 

Q. Is the configuration sited so as to minimize potential environmental impacts? 202 

A. Yes.  The Project’s proposed configuration was sited to minimize potential 203 

environmental impacts, as discussed in Sections 10.0 through 15.0 and 17.0 and 204 

18.0 of the Application and in the Direct Testimony of Bridget Canty.   205 

 206 

Q. Is the Project configuration designed to comply with all applicable County and 207 

State turbine setback requirements? 208 

A. Yes.  209 

 210 

Q. Please identify the applicable specific setbacks for the Project and other 211 

requirements and commitments that affect turbine setbacks. 212 

A. The applicable setbacks, requirements and commitments are listed in the Table 9-2 213 

in the Application and provided below. 214 

 215 

 216 

 217 
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Prevailing Wind Park Siting Requirements/Commitment 218 

Category Requirements/Commitments 
State Requirements 

Setbacks Turbines shall be set back at least 500 feet or 1.1 times the height of the tower, whichever is 
greater, from any surrounding property line (SDCL 43-13-24). 

Bon Homme County Requirements
a 

Setbacks (a) Distance from currently occupied off-site residences, business and public buildings shall be 
not less than one thousand (1,000) feet. Distance from the residence of the landowner on whose 
property the tower(s) are erected shall be not less than five hundred (500) feet or one point one 
(1.1) times the system height, whichever is greater. For the purposes of this section only, the 
term “business” does not include agricultural uses. 

(b) Distance from right-of-way of public roads shall be not less than five hundred (500) feet or 
one point one (1.1) times the system height, whichever is greater. 

(c) Distance from any property line shall be not less than five hundred (500) feet or one point 
one (1.1) times the system height, whichever is greater, unless appropriate easement has been 
obtained from adjoining property owner. 

Noise  Noise level produced by the LWES shall not exceed forty-five (45) dBA, average A-weighted 
sound pressure at inhabited dwelling existing at the time the permit application is filed, unless a 
signed waiver or easement is obtained from the owner of the dwelling. 

The permittees shall submit a report of predicted noise levels at habitable residential dwellings 
within one mile of proposed tower locations to the Board no less than forty-five (45) days prior 
to commencing construction.  

Voluntary Commitments in Charles Mix and Hutchinson Counties 

Setbacks (a) Distance from currently occupied off-site residences, business and public buildings will be 
not less than 1,000 feet. Distance from the residence of the landowner on whose property the 
tower(s) are erected will be not less than 500 feet or 1.1 times the system height, whichever is 
greater. The term “business” does not include agricultural uses. 

(b) Distance from right-of-way of public roads will be not less than 500 feet or 1.1 times the 
system height, whichever is greater. 

(c) Distance from any property line will be not less than 500 feet or 1.1 times the system height, 
whichever is greater, unless appropriate easement has been obtained from adjoining property 
owner. 

Noise Noise level produced by the wind turbines will not exceed 45 dBA, average A-weighted sound 
pressure at currently inhabited dwellings, unless a signed waiver or easement is obtained from 
the owner of the dwelling. 

Shadow Flicker Commitment 

Shadow 
Flicker 

Shadow flicker produced by the wind turbines will not exceed 30 hours per year at currently 
inhabited dwellings of non-participants. 

Bon Homme County, South Dakota, Zoning Ordinance (amended November 3, 2015) 

Q. Your table notes a shadow flicker commitment for non-participating 219 

landowners.  Please explain that commitment.  220 
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A. Yes. With respect to shadow flicker, only Bon Homme County has a specific wind 221 

energy system ordinance and the ordinance does not specify a standard for shadow 222 

flicker. It indicates that the county may require the installation of a shadow flicker 223 

control system under certain circumstances.  In lieu of a specific standard, Prevailing 224 

Wind Park commits to limit shadow flicker at non-participating residences in the 225 

Project Area to no more than 30 hours per year.   As described in Mr. Aaron 226 

Anderson’s Direct Testimony, conservative shadow flicker modeling indicates a level 227 

above 30 hours per year for one non-participating residence.  Prevailing Wind Park 228 

is undertaking updated analysis using more realistic modeling assumptions for that 229 

residence and will update the predicted shadow flicker level with supplemental 230 

testimony.  If updated modeling results still show more than 30 hours per year of 231 

shadow flicker, Prevailing Wind Park will work with the landowner to implement 232 

mitigation techniques, such as screening or implement operational controls to 233 

ensure experienced shadow flicker levels are below 30 hours per year.   234 

 235 

VII. FINAL MICRO-SITING 236 

 237 

Q. Could the remaining cultural resource survey, and other surveys, wetland and 238 

waterbody delineations, and geotechnical work require changes to the turbine 239 

locations? 240 

A. Yes.  As discussed further in the Direct Testimony of Bridget Canty, Prevailing Wind 241 

Park must complete wetland and waterbody delineations, cultural resource surveys, 242 

a rare plant habitat assessment, and geotechnical evaluations to finalize the micro-243 

siting of turbines.  The wetland and waterbody delineations and rare plant habitat 244 

assessment are in process.  Additionally, Prevailing Wind Park is in the process of 245 

field verifying areas of potential untilled grasslands that, based on the 2018 desktop 246 

analysis, exhibit recent signs of disturbance or that were added to the Project Area 247 

after the prior field verifications were completed. 248 

 249 

Minor shifts in the proposed turbine locations could be required due to the results of 250 

the remaining survey work and the geotechnical evaluations.   251 
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 252 

Q. What is Prevailing Wind Park’s request with respect to flexibility for future 253 

minor shifts in the turbine locations presented in Figure 2 of the Application? 254 

A. Prevailing Wind Park requests that the permit allow turbines to be shifted within 500 255 

feet of their currently proposed locations, so long as specified noise requirements, 256 

setbacks and the Applicant’s shadow flicker commitment  are not exceeded, cultural 257 

resource impacts and habitats for listed species are avoided, and wetland impacts 258 

are avoided to the greatest extent practicable.  If turbine shifts are greater than 500 259 

feet, exceed the noted thresholds, or do not meet the other limitations specified, 260 

Prevailing Wind Park would either use an alternate turbine location or obtain 261 

Commission approval of the proposed turbine location change. 262 

 263 

Q. Is the siting flexibility requested by Prevailing Wind Park consistent with the 264 

land use requirements of Bon Homme and Hutchinson counties? 265 

Yes.  It is our understanding that the approvals obtained from Bon Homme and 266 

Hutchinson counties will authorize the use of the land for a wind energy system and 267 

that the turbine locations can be adjusted so long as applicable setbacks and other 268 

requirements are met. 269 

 270 

Q. With respect to other facilities, what is Prevailing Wind Park’s request with 271 

respect to final micro-siting? 272 

A. As a result of final micrositing, shifts in the access roads and collector system, as 273 

well as changes in the locations of the O&M facility, met towers, Project substation, 274 

concrete batch plant, and laydown/staging areas, may be necessary.  Therefore, 275 

Prevailing Wind Park requests that the permit allow those facilities to be modified, as 276 

needed, so long as the new locations are on land leased for the Project, cultural 277 

resources and habitats for listed species are avoided, wetland impacts are avoided 278 

to the greatest extent practicable, and all other applicable regulations and 279 

requirements are met. 280 

 281 

Q. Are any future modifications or expansions of the Project planned? 282 
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A. No, other than potential minor shifts during Project micro-siting, no future 283 

modification or expansions are planned. 284 

 285 

VIII. PROJECT OPERATION AND MAINTENANCE 286 

 287 

Q. Discuss the personnel that will be involved in operation and maintenance of 288 

the Project. 289 

A. The Project’s expected life span is approximately 30 years.  During this time, a 290 

maintenance crew will be on-site 24-hours a day, seven days a week to monitor 291 

turbine operations from the O&M building and conduct maintenance activities, as 292 

needed.  293 

 294 

Overall, it is predicted that, during operation and maintenance, the Project will create 295 

approximately 8 to 10 full-time jobs paying $35,000 - $80,000 per year.  Up to six of 296 

those positions will be for wind technician jobs paying $60,000 to $70,000 annually. 297 

 298 

Q. Discuss the inspections that will be conducted and when they will occur. 299 

A. All major components of the wind turbines will undergo routine maintenance 300 

according to the schedules established by the component manufacturer. 301 

 302 

Q. How will the Project be monitored between inspections? 303 

A. All proposed turbine models have supervisory control and data acquisition 304 

(“SCADA”) communication technology to control and monitor the Project.  This 305 

system permits automatic, independent operation and remote supervision, allowing 306 

simultaneous on-site and off-site control of the wind turbines.  307 

 308 

Q. How reliable will the wind turbines and associated infrastructure be? 309 

A. Prevailing Wind Park requires availability guarantees from turbine manufacturers 310 

and O&M service providers to maintain the turbine at 98 percent availability or 311 

higher. 312 

 313 
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IX. DESIGN, CONSTRUCTION, AND OPERATIONAL CONSIDERATIONS 314 

 315 

Q. What safety features will be incorporated into the Project? 316 

A. Prevailing Wind Park has incorporated or will incorporate a number of safety and 317 

security measures to protect persons and property, including, but not limited to: 318 

 Wind turbine towers setback from residences and existing roadways in 319 

accordance with or in excess of applicable regulations; 320 

 Wind turbine locations will comply with applicable noise requirements; 321 

 During construction and operation of the Project, temporary (safety) and 322 

permanent fencing will be used to restrict access to the site; 323 

 Warning signs will be in place and Project facilities (turbine tower doors, gates at 324 

facilities, etc.) will be locked when not in use; 325 

 Regular maintenance and inspections will be conducted; and 326 

 A professional engineer would certify that the foundation and tower design of the 327 

turbines is within accepted professional standards, given local soil and climate 328 

conditions. 329 

 330 

Q. How has Prevailing Wind Park accounted for existing infrastructure (including 331 

existing communications systems) in designing the Project? 332 

A. Prevailing Wind Park has conducted a microwave beam path analysis and sited in a 333 

manner that avoids all identified microwave beam paths and communication 334 

systems.  Prevailing Wind Park also submitted a Project notification letter to the U.S. 335 

Department of Commerce National Telecommunications and Information 336 

Administration (“NTIA”).  NTIA’s determination is expected around the beginning of 337 

June 2018.   338 

 339 

The Department of Defense and the Department of Homeland Security Long Range 340 

Radar Joint Program Office’s “pre-screening tool” used to evaluate the impact of 341 

wind turbines on air defense long-range radar was applied to the Project Area and 342 

returned a result of “no anticipated impact” (green) to Air Defense and Homeland 343 
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Security radars.  Additionally, the Project is not likely to impact weather radar 344 

operations at NEXRAD Weather Surveillance Doppler Radar Stations.   345 

 346 

Q. Will the Project participate in the South Dakota One-Call program? 347 

A. Yes. 348 

 349 

Q. With respect to use of existing local roads as haul roads, will Prevailing Wind 350 

Park coordinate with local road authorities regarding the use and restoration 351 

of those roads? 352 

A. Yes.  Prevailing Wind Park will coordinate with applicable local road authorities to 353 

obtain road use agreements and/or necessary road permits prior to construction to 354 

ensure safe and efficient use and to minimize and mitigate Project impacts to haul 355 

roads. The road use agreements will also address improvements to existing roads 356 

and restoration of haul roads to their pre-construction condition following 357 

construction.  Additional information concerning haul roads is contained in Sections 358 

20.4.1.1 and 20.4.2.1 of the Application. 359 

 360 

Q. What steps will the Project take to prepare for a potential emergency situation 361 

at the Project site during construction and when the Project is operational? 362 

A. Prevailing Wind Park and its construction team will coordinate with local and county 363 

emergency management to develop procedures for response to emergencies, 364 

natural hazards, hazardous materials incidents, manmade problems, and potential 365 

incidents concerning Project construction. During Project operations, the Project 366 

operator would coordinate with local and county emergency management for the 367 

purpose of protecting the public and the property related to the Project during 368 

natural, manmade or other incidents. The Project would register each turbine 369 

location and the O&M building with the rural identification/addressing (fire number) 370 

system and 911 systems. 371 

 372 

Q. Has Prevailing Wind Park considered electromagnetic interference in 373 

connection with the construction and operation of the Project? 374 

Exhibit A6-3

Page 14 of 16 
015090



 

14 

A. Yes.  Prevailing Wind Park completed an RF Impact Study, consisting of three 375 

sections:  microwave point-to-point path analysis; airports, radar stations, and 376 

military aircraft operations; and NTIA notification.  See Section 15.6 of the 377 

Application and Appendix O for additional detail. 378 

 379 

Q. Will the Project be designed, constructed, and operated in compliance with all 380 

applicable federal, state, and local regulations? 381 

A. Yes.  382 

 383 

X. PROJECT BENEFITS 384 

 385 

Q. Please describe the local and state benefits the Project will provide. 386 

A. The Project is expected to create both short-term and long-term positive impacts to 387 

the local economy.  Impacts to social and economic resources from construction 388 

activities would be short-term.  Local businesses, such as restaurants, grocery 389 

stores, hotels, and gas stations, would see increased business from construction-390 

related workers during the construction phase of the Project. Local industrial 391 

businesses, including aggregate and cement suppliers, welding and industrial 392 

suppliers, hardware stores, automotive and heavy equipment repair, electrical 393 

contractors, and maintenance providers, would also likely benefit from construction 394 

of the Project. In addition to the direct payments, construction of the Project would 395 

create a $14.9 million boost to the local economy.  396 

 397 

Prevailing Wind Park estimates that $220,000 of food, supplies, and fuel would be 398 

purchased locally by the Project and Project staff annually (or $20.4 million over the 399 

life of the Project). The Project would generate approximately $60 million in direct 400 

economic benefits for local landowners, local communities, and the State of South 401 

Dakota. Over the life of the Project (30 years), it would create direct payments of 402 

more than: 403 

 Approximately $37 million to landowners, including an average of $1,230,000 404 

annually from lease payments;  405 
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 Approximately $6 million to Bon Homme County, or $201,000 annually from 406 

taxes paid; 407 

 Approximately $4.2 million to Charles Mix County, or $140,000 annually from 408 

taxes paid; 409 

 Approximately $913 thousand to Hutchinson County, or $30,500 annually from 410 

taxes paid; 411 

 Approximately $1.5 million to area school district(s), or $371,000 annually from 412 

taxes paid; and 413 

 Approximately $11.1 million to the State of South Dakota, or $336,000 annually 414 

from taxes paid. 415 

 416 

XI. CONCLUSION 417 

 418 

Q. Does this conclude your Direct Testimony? 419 

A. Yes. 420 

 421 

Dated this 30th day of May, 2018. 422 

   423 

James Damon 424 
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I. INTRODUCTION  1 

 2 

Q. Please state your name. 3 

A. My name is Peter Pawlowski. 4 

 5 

Q. Did you provide Direct Testimony in this Docket? 6 

A. Yes.  I submitted Supplemental Direct Testimony on August 10, 2018. 7 

 8 

Q. What is the purpose of your Rebuttal Testimony? 9 

A. The purpose of my Rebuttal Testimony is to:  (1)  provide an update regarding the 10 

Project’s county-level permits; (2) provide an update regarding the specifications of 11 

the GE 3.8-137 wind turbine model that Prevailing Wind Park, LLC (“Prevailing Wind 12 

Park”) proposes to use for the Project; and (3) respond to the testimony of Darren 13 

Kearney on behalf of South Dakota Public Utilities Commission (“Commission”) Staff 14 

with respect to setbacks, the shadow flicker commitment, and decommissioning 15 

funding for the Prevailing Wind Park Project (“Project”). 16 

 17 

II. LOCAL PERMITTING UPDATE 18 

 19 

Q. In your Supplemental Direct Testimony, you provided an update regarding the 20 

status of the Project’s local permitting.  Do you have further updates? 21 

A. Yes.  The current permitting status in each county where Project facilities are 22 

proposed is as follows: 23 

• Bon Homme: Bon Homme County granted a Large Wind Energy System 24 

approval for the Project on August 21, 2018.  25 

• Hutchinson: Hutchinson County granted conditional use approvals for the 26 

Project on September 4, 2018. 27 

• Charles Mix: As I discussed in my Supplemental Direct Testimony, the 28 

Project received building permits in July 2018, and Prevailing Wind Park 29 

has worked with Charles Mix County to address any concerns regarding 30 

the Project. 31 
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In addition, Prevailing Wind Park is also constructing a substation and 115 kilovolt 32 

transmission line that will interconnect the Project with the transmission system and 33 

is in the process of seeking appropriate approvals from Yankton County and Bon 34 

Homme Counties.  35 

 36 

III. TURBINE MODEL SPECIFICATIONS 37 

 38 

Q. Do you have any updates to the turbine model specifications that Prevailing 39 

Wind Park proposes to use for the Project? 40 

A. Yes.  As stated in Prevailing Wind Park’s response to Staff Data Request (“DR”) 1-3, 41 

Prevailing Wind Park has selected the GE 3.8-137 wind turbine model for the 42 

Project.  While Table 8-3 in the Project’s Application for a Facility Permit indicated 43 

that the hub height of this turbine model would be 110 meters (586 feet), Prevailing 44 

Wind Park has chosen to use a taller hub for the turbine.  The taller hub height is 45 

111.5 meters (590 feet, 5.5 inches). 46 

 47 

Q. Why did Prevailing Wind Park select a taller hub?  48 

A. By increasing the hub height from 110 meters to 111.5 meters, the turbine can 49 

house the transformer within the turbine tower.  With the 110-meter hub, the 50 

transformer must be placed on a base external to the turbine tower.  Thus, the slight 51 

increase in height 1.5 meters (4.9 feet) enables Prevailing Wind Park to use an 52 

internal – rather than external – transformer.  53 

 54 

Q. Have any of the other turbine model specifications changed? 55 

A. No. 56 

 57 

Q. With the increased hub height, does the Project still comply with all applicable 58 

requirements and Prevailing Wind Park’s prior commitments? 59 

A. Prevailing Wind Park has confirmed that, with one exception, the layout using the 60 

updated turbine height will comply with all highway and property line setbacks.  For 61 

one turbine location, T28, the turbine location was adjusted 10 feet to the west to 62 

 
015095



 

3 

meet the property line setback requirement.    Bridget Canty describes this move 63 

and two smaller moves in her Rebuttal Testimony. 64 

 65 

Prevailing Wind Park also conducted updated noise and shadow flicker modeling 66 

with the taller hub. The results of that analysis show that for noise, as described in 67 

Chris Howell’s Rebuttal Testimony, the modeled level at occupied residences 68 

remains below 43 A-weighted decibels (“dBA”) as stated in the Application.  The 69 

highest predicted level at an occupied residence is 41.9 dBA.    70 

 71 

The updated shadow flicker analysis is described in Aaron Anderson’s Rebuttal 72 

Testimony and discussed further below.   73 

 74 

IV. RESPONSE TO TESTIMONY OF DARREN KEARNEY 75 

 76 

A. Setbacks. 77 

 78 

Q. Mr. Kearney discusses Intervenors’ comments regarding a 2-mile setback 79 

from non-participating residences.  What is your response? 80 

A. I agree with Mr. Kearney that there is no evidence supporting a 2-mile setback for 81 

the Project.  Rather, as Applicant’s witnesses’ testimony demonstrate, the Project 82 

meets the Commission’s siting requirements applying the current setbacks, as well 83 

as Prevailing Wind Park’s voluntary commitments.   84 

 85 

 Further, I agree with Mr. Hessler’s observation that a 2-mile setback would have the 86 

effect of leaving few or no viable locations for turbines, making it impossible to site 87 

most projects.  (Hessler Direct at 5-6.)  A setback of this distance would effectively 88 

eliminate the ability to develop a wind farm in the Project area. 89 

 90 
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Q. Mr. Kearney also discusses Intervenors’ comments regarding a 1,500 foot 91 

setback from property lines.  What is your response? 92 

A. For the same reasons noted in response to the prior question, I agree with Mr. 93 

Kearney that there is no evidence supporting such a setback.  Scott Screech 94 

addresses this setback in more detail in his Rebuttal Testimony.      95 

 96 

B. Shadow Flicker Commitment. 97 

 98 

Q. Mr. Kearney states that “Staff has one concern regarding shadow flicker that 99 

is expected to occur at a nonparticipant (receptor REC-076).”  Has Prevailing 100 

Wind Park reviewed this issue? 101 

A. Yes.  As an initial matter, I note that Prevailing Wind Park has committed to shadow 102 

flicker being less than 30 hours per year and/or 30 minutes per day at currently 103 

inhabited, non-participating residences in Charles Mix County.  Mr. Kearney 104 

correctly notes that the initial modeling for Charles Mix County REC-076 in the 105 

Application estimated more than 30 hours of shadow flicker per year.  The updated 106 

shadow flicker modeling conducted for the current turbine specifications and with the 107 

additional receptors indicates that REC-076 remains the only non-participant 108 

residence expected to experience more than 30 shadow flicker per year with 33.82 109 

hours per year.   (See also the Rebuttal Testimony of Aaron Anderson and the 110 

Rebuttal Testimony of Bridget Canty.)  There are also six other non-participants in 111 

Charles Mix County for which shadow flicker is modeled at more than 30 minutes 112 

per day.   113 

 114 

 Prevailing Wind Park will be installing turbine control equipment on the Project’s 115 

turbines that will allow for shutting down individual turbines as necessary to ensure 116 

that the shadow flicker experienced by the non-participant receptors does not 117 

exceed the levels committed to by Prevailing Wind Park. 118 

  119 

C. Decommissioning Fund. 120 

 121 
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Q. Mr. Kearney states that “one permit condition that Prevailing Wind Park and 122 

Staff may differ on is the amount of funding required to be set aside in an 123 

escrow account for the decommissioning of wind turbines.”  Has Prevailing 124 

Wind Park proposed a permit condition related to a decommissioning fund? 125 

A. Yes.  After reviewing Mr. Kearney’s testimony, Prevailing Wind Park has determined 126 

that it will propose a decommissioning condition consistent with the Staff’s 127 

recommendation.  Specifically, Prevailing Wind Park proposes the following 128 

condition: 129 

 130 

At least 30 days prior to the start of construction, or as otherwise 131 

approved by the Commission, Applicant shall submit an escrow plan 132 

for Commission approval that is consistent with the escrow plan 133 

approved by the Commission in In the Matter of the Application by 134 

Crocker Wind Farm, LLC for a Permit of Wind Energy Facility and a 135 

345 kV Transmission Line in Clark County, South Dakota, for Crocker 136 

Wind Farm, Docket EL17-055, Order Approving Escrow Plan 137 

(August 3, 2018). 138 

 139 

Pursuant to the escrow plan, the escrow account shall be funded by 140 

the Applicant annually at a rate of $1,718 per turbine for a period of 30 141 

consecutive years.  142 

 143 

If the Applicant fails to execute the decommissioning requirement 144 

found in this Section ___ of the Conditions, the account is payable to 145 

the landowner as the landowner incurs and pays decommissioning 146 

costs. 147 

 148 

 The level of funding proposed in the above condition is based on the no resale cost 149 

estimate provided in the Decommissioning Cost Analysis prepared by DNV GL for 150 

the Project.  (See the Supplemental Direct Testimony of Daniel Pardo, Exhibit 2.) 151 

 152 
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V. CONCLUSION 153 

 154 

Q. Does this conclude your Rebuttal Testimony? 155 

A. Yes. 156 

 157 

Dated this 26th day of September, 2018. 158 

 159 

 160 
64841978 161 
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I. INTRODUCTION AND QUALIFICATIONS 1 

 2 

Q. Please state your name, employer, and business address. 3 

A. My name is Keith Thorstad.  I am the owner of Thorstad Companies.  My business 4 

address is 101 Second Street West, PO Box 321, Chokio, Minnesota. 5 

 6 

Q. Briefly describe your educational and professional background. 7 

A. I have a degree in Industrial Technology.  I have worked in the construction industry 8 

for 40 years and have 20 years of experience working with wind energy developers 9 

and owners across the United States.  I have worked on more than 200 projects.  A 10 

copy of my resume is included as Exhibit 1. 11 

 12 

Q. What is your company’s role with respect to the Prevailing Wind Park Energy 13 

Facility (“Project”)? 14 

A. Thorstad Companies is serving as the Engineer-Procure-Construct (“EPC”) 15 

contractor for the 200 megawatt ("MW”) Project. 16 

 17 

II. PURPOSE OF TESTIMONY 18 

 19 

Q. What is the purpose of your Direct Testimony? 20 

A. The purpose of my Direct Testimony is to describe the design and construction of 21 

the Project.   22 

 23 

Q. What exhibits are attached to your Direct Testimony? 24 

A. Exhibit 1:  Resume 25 

 26 

Q. Please identify the sections of the Application to the South Dakota Public 27 

Utilities Commission for a Facility Permit (“Application”) that you are 28 

sponsoring for the record. 29 

A. I am sponsoring the following sections of the Application: 30 

• Section 8.0:  General Site and Project Component Description 31 
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 32 

III. PROJECT OVERVIEW 33 

 34 

Q. Please provide an overview of the Project and its components. 35 

A. The proposed Project is an up to 200 MW wind energy facility and would include the 36 

following components: 37 

• Up to 61 wind turbines; 38 

• Access roads to each wind turbine and associated facilities; 39 

• An underground electrical power collector and communications systems; 40 

• A collector substation;  41 

• Up to four permanent meteorological (“MET”) towers; 42 

• An operations and maintenance (“O&M”) facility; and  43 

• Additional temporary construction areas, including crane paths, public road 44 

improvements, a laydown yard, and one or more concrete batch plants (as 45 

needed).   46 

Q. What is the proposed construction schedule for the Project? 47 

A. As discussed in the Direct Testimony of James Damon and Section 19.0 of the 48 

Application, Prevailing Wind Park, LLC (“Prevailing Wind Park”) expects Project 49 

construction to commence in the Fourth Quarter of 2018.  Prevailing Wind Park 50 

anticipates that the Project will achieve commercial operation in the Fourth Quarter of 51 

2019.  A preliminary permitting and construction schedule is included in Table 19-1 of 52 

the Application.   53 

 54 

IV. PROJECT DESIGN AND CONSTRUCTION 55 

 56 

Q. From an engineering and operational design perspective, please describe the 57 

turbines that may be used for the Project. 58 

A. The Project would consist of up to 61 wind turbines that will generate up to 200 MW 59 

of energy.  Both representative turbine models, the GE 3.8-137 and Vestas 136-3.6, 60 

have Supervisory Control and Data Acquisition (“SCADA”) communication technology 61 

to control and monitor the Project.  The representative turbine models also contain 62 
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emergency power supplies to allow operation of the control systems, braking systems, 63 

yaw systems, and blade pitch systems to shut the turbine down safely if grid power is 64 

lost.  Additional information concerning Project turbines is included in Section 8.2 of 65 

the Application. 66 

 67 

Q. Please describe the foundations that will be constructed for the turbines. 68 

A. The expected turbine foundation would be a spread foundation design.  Foundations 69 

for the towers would be approximately 2,700 square feet, with a depth of up to 10 70 

feet.  Except for approximately 12 inches that would remain aboveground to allow 71 

the tower to be appropriately bolted to the foundation, the tower foundation would 72 

be underground.  A specific foundation design would be chosen based on 73 

geotechnical surveys conducted at each turbine location, as well as turbine tower 74 

load specifications and cost considerations, among other factors. 75 

 76 

Q. Will the collection system be installed underground? 77 

A. Generally, yes.  The 34.5-kilovolt (“kV”) electrical collection system will be installed 78 

underground and bundled with the fiber-optic communication system cables.  79 

Occasional junction boxes will be located aboveground at points where the cables 80 

are spliced, and where the cables enter into the collector substation.  Approximately 81 

65 trench miles of underground collector and communication lines will be installed. 82 

Directional drilling may be used in wetland and stream areas.  Additional detail is 83 

provided in Section 8.7.1 of the Application.  84 

 85 

Q. Could you describe the Project collection substation? 86 

A. A new collector substation would be constructed in the center of the Project Area, 87 

on private land, where the 34.5-kV electric collection grid and fiber-optic 88 

communication network would terminate. The Project collection substation will 89 

include a main transformer to step up the voltage of the collection grid from 34.5 kV 90 

to 115 kV, aboveground bus structures to interconnect the collector substation 91 

components, breakers, a control building, relays, switchgear, cable storage, 92 
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communications and controls, and other related facilities required for delivery of 93 

electric power to the 115-kV gen-tie transmission line.   94 

 95 

The design of the collector substation is not finalized, but Prevailing Wind Park 96 

expects it would be enclosed by a chain link fence with dimensions of roughly 350 97 

feet by 450 feet (4 acres). The collector substation components would be placed on 98 

concrete and steel foundations.  Additional detail is provided in Section 8.7.2 of the 99 

Application. 100 

 101 

Q. Please describe the O&M facility that will be constructed for the Project. 102 

A. The O&M facility would be located within the Project Area, in a location with proper 103 

transportation, communications facilities, and easy access to Project facilities.  The 104 

proposed O&M facility would house the equipment to operate and maintain the wind 105 

farm.  A gravel parking pad would provide the building with a parking area and 106 

secured outside storage.  Total permanent disturbance from the O&M facility, 107 

including parking, would be approximately 6 acres.  Additional detail is provided in 108 

Section 8.4 of the Application.  109 

 110 

Q. Please discuss the design and installation of the permanent MET towers. 111 

A. Prevailing Wind Park anticipates that the Project would include permanent wind 112 

measurement equipment, which could consist of up to four permanent 80-meter 113 

meteorological towers.  The permanent meteorological towers would be self-114 

supporting and would not have guy wires.  The towers would be lighted and painted 115 

as necessary to comply with Federal Aviation Administration guidelines and would 116 

be connected to the Project collection system for communications and power needs.   117 

 118 

Q. With respect to Project access roads, how will access road requirements differ 119 

during and after construction? 120 

The Project’s access roads will provide access to turbines and other Project facilities 121 

during construction and for maintenance and monitoring during operations.  During 122 

construction, most access roads will have temporary widths of approximately 50 feet 123 
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124

125

126

127

128

to accommodate heavy construction equipment; access roads required to 

accommodate movement of the turbine erection crane will have temporary widths of 

approximately 60 feet.  After construction, access roads will be reduced to 

their permanent width of 16 feet and the crane paths will be restored. 

Additional information concerning access roads is included in Section 8.3 and 

Table 10-1 of the Application.129

130

Q. Discuss the personnel that will be involved in the construction of the Project.131

A. Construction of the Project will involve both skilled and unskilled labor, including132

foremen, carpenters, iron workers, electricals, millwrights, and heavy equipment 133

operators. Thorstad Companies’ employees will provide management-level 134

oversight, safety, coordination with Prevailing Wind Park and other stakeholders, 135

and quality assurance/quality control. Construction of the Project is anticipated to 136

generate approximately 245 jobs during construction at peak demand. 137

138

Q. Will the Project components be designed and constructed in compliance with139

all applicable federal, state, and local regulations?140

A. Yes.141

142

V. CONCLUSION143

144

Q. Does this conclude your Direct Testimony?145

A. Yes.146

147

148

149

Dated this 30th day of May, 2018.150

151

152

____________________________153

154
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Keith Thorstad. 155 

 156 
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I. INTRODUCTION AND QUALIFICATIONS 1 

 2 

Q. Please state your name, employer, and business address. 3 

A. My name is Chris Howell.  I am a Senior Noise Specialist and Project Manager of 4 

the Environmental Services division at Burns & McDonnell Engineering Company, 5 

Inc. (“Burns & McDonnell”).  My business address is 9400 Ward Parkway, Kansas 6 

City, Missouri, 64114. 7 

 8 

Q. Briefly describe your educational and professional background and your 9 

current work for Burns & McDonnell. 10 

A. I have a bachelor’s degree in Mechanical Engineering and am a member of the 11 

Institute of Noise Control Engineering.  I have 17 years of professional experience 12 

and have been with Burns & McDonnell for 15 years.  13 

 14 

I am the noise lead for Burns & McDonnell and have conducted noise analyses for 15 

large-scale wind farms in multiple states.  I specialize in generation and noise 16 

analyses, and manage general environmental permitting teams.  I have extensive 17 

experience conducting noise modeling for large wind farms.  A copy of my 18 

curriculum vitae is provided as Exhibit 1. 19 

 20 

II. PURPOSE OF TESTIMONY 21 

 22 

Q. What is Burns & McDonnell’s role, and your role, with respect to the Prevailing 23 

Wind Park Energy Facility (“Project”)? 24 

A. Burns & McDonnel was retained to assist with permitting, shadow flicker analysis 25 

and sound modeling.  l conducted acoustic modeling of the Project’s proposed 26 

layout and prepared an associated Sound Study, which is provided in Appendix M of 27 

the Project’s Facility Permit Application (“Application”). 28 

 29 

Q. What is the purpose of your Direct Testimony? 30 
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A. The purpose of my testimony is to discuss the methodology and results of the 31 

acoustic modeling Burns & McDonnell conducted for the Project.  In addition, I will 32 

discuss how the modeling demonstrates that the Project will comply with applicable 33 

acoustic regulations and commitments made by Prevailing Wind Park, LLC 34 

(“Prevailing Wind Park”). 35 

 36 

Q. What exhibits are attached to your Direct Testimony? 37 

A. The following exhibits are attached to my Direct Testimony: 38 

 Exhibit 1: Curriculum vitae 39 

 40 

Q. Please identify the sections of the Energy Facility Application (“Application”) 41 

that you are sponsoring for the record. 42 

A. I am sponsoring the following portions of the Application: 43 

 Section15.3: Sound 44 

 Appendix M : Prevailing Wind Park Project Sound Study 45 

 46 

III. WIND TURBINE SOUND AND APPLICABLE STANDARDS 47 

 48 

Q. Please provide an overview of the sound that may be generated by modern 49 

utility-scale wind turbines, such as those that will be used by the Project. 50 

A. The sound commonly associated with a wind turbine is described as a rhythmic 51 

“whoosh” caused by aerodynamic processes.  This sound is created as air flow 52 

interacts with the surface of rotor blades. As air flows over the rotor blade, turbulent 53 

eddies form in the surface boundary layer and wake of the blade.  These eddies are 54 

where most of the “whooshing” sound is formed.  Additional sound is generated from 55 

vortex shedding produced by the tip of the rotor blade.  Air flowing past the rotor tip 56 

creates alternating low-pressure vortices on the downstream side of the tip, causing 57 

sound generation to occur. 58 

 59 

Advancement in wind turbine technology has reduced distinct tonal sounds by 60 

reshaping turbine blades and adjusting the angle at which air contacts the blade.  61 
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Pitching technology allows the angle of the blade to adjust when the maximum 62 

rotational speed is achieved, which allows the turbine to maintain a constant 63 

rotational velocity.  Therefore, sound emission levels remain constant as the velocity 64 

remains the same.   65 

 66 

Wind turbines can create noise in other ways as well. Wind turbines have a nacelle 67 

where the mechanical portions of the turbine are housed.  The current generation of 68 

wind turbines uses multiple techniques to reduce the noise from this portion of the 69 

turbine: vibration isolating mounts, special gears, and acoustic insulation.  In 70 

general, all moving parts and the housing of the current generation wind turbines 71 

have been designed to minimize the noise they generate. 72 

 73 

Q. Please provide an overview of how humans perceive sound, and how 74 

perceived levels are measured. 75 

A. Sound energy travels through air as a pressure wave.  The human ear perceives the 76 

amplitude the sound pressure wave, and also its frequency (pitch).  Human hearing 77 

is sensitive to sound fluctuations over an enormous range of pressures, from about 78 

20 micropascals (the “threshold of human hearing”) to about 20 pascals (the 79 

“threshold of pain”).  The frequency of a sound is the rate at which it fluctuates in 80 

time, expressed in Hertz (“Hz”), or wave cycles per second. 81 

 82 

The compressive decibel scale is used to make the numbers more manageable for 83 

discussion.  Sound pressure is converted to sound levels in units of decibels (“dB”), 84 

which can be weighted and expressed in different ways.  The most common 85 

weighting scale used in environmental noise analysis and regulation is the A-86 

weighted decibel (“dBA”).  This weighting mechanism emulates the human ear’s 87 

varying sensitivity to the frequency of sound.  The human ear is much more sensitive 88 

to medium frequencies (1,000 to 8,000 Hz) than to very low or very high frequencies.  89 

The A-weighted level represents the sum of the energy across the normal audible 90 

frequency spectrum for humans (20 to 20,000 Hz), weighted by frequency as the 91 

human ear would do.   92 
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 93 

In terms of human perception, a 10-dB change in sound levels is a perceived 94 

doubling (or halving, if the sound is decreasing) of loudness.  A 5-dB change is 95 

considered “clearly noticeable,” and a 3-dB change is considered “just barely 96 

noticeable.”  Changes in broadband sound level of less than 3 dB are generally not 97 

considered to be noticeable. 98 

 99 

Q. How does the sound from wind turbines fit within the range of sound audible 100 

to humans? 101 

A. Sound pressure levels at the base of a 1.5 megawatt (“MW”) or greater wind turbine 102 

are typically between 55 and 60 dBA.  For comparison, typical conversational 103 

speech between two people standing three feet apart is between 55 and 65 dBA, so 104 

one could hold a conversation at the base of a wind turbine.  As sound spreads from 105 

a turbine, the sound level diminishes.  At 45 to 50 dBA, it would sound approximately 106 

half as loud as conversational speech, and between 30 and 40 dBA it is comparable 107 

to background sound levels in a rural area. 108 

 109 

Q. Are you aware of any federal or state sound level regulations for wind energy 110 

conversion facilities located in South Dakota? 111 

A. There are no federal or state noise regulations that apply to this Project.   112 

 113 

Q. Have Bon Homme, Charles Mix, and/or Hutchinson counties established 114 

sound level requirements for wind energy facilities? 115 

A. Bon Homme County has adopted a zoning ordinance that limits sound levels of 116 

WES to 45 dBA at occupied receptors unless the owner provides a written waiver.  117 

Neither Charles Mix nor Hutchinson County has  a noise limit for wind energy 118 

systems.  Conservatively, the Bon Homme County ordinance sound level limit was 119 

used as a design goal for all areas of the Project. 120 

 121 

IV. ACOUSTIC ANALYSIS 122 

 123 

Exhibit A9

Page 5 of 9 
015111



 

5 

Q. What was the purpose of the acoustic modeling and analysis discussed in the 124 

Sound Study?  125 

A. The purpose of the Sound Study was to measure background sound levels in the 126 

Project Area, and determine through analysis whether the sound generated by the 127 

Project will comply with applicable noise standards.  Consistent with these goals, the 128 

Sound Study describes the results of Burns & McDonnell’s measurement of existing 129 

background sound levels in the Project Area and describes the results of an acoustic 130 

modeling analysis we conducted, which demonstrates that Project sound levels will 131 

meet Bon Homme County’s 45 dBA noise standard  at occupied receptors.   132 

 133 

Q. Please discuss your analysis of existing ambient (or background) sound 134 

levels in the Project Area. 135 

A. We conducted ambient sound level monitoring at representative locations 136 

throughout the Project Area to quantify the existing sound levels and to identify 137 

existing sources of sound around the Project.  Ambient measurements were made at 138 

16 locations to determine the existing background sound level.  The locations of the 139 

16 monitoring sites are identified in the Sound Study.  Monitoring locations were 140 

selected because they were accessible and representative of existing ambient 141 

sound levels in the vicinity of noise-sensitive receivers.   142 

 143 

Monitoring was conducted on March 12 and 13, 2018.  Equivalent average (“Leq”) 144 

sound levels, and the sound level exceeded 90 percent of the time (“L90”) were 145 

calculated.  Comparing these metrics demonstrate how the sound level varies with 146 

time over the monitoring period and are used to quantify the character of the area as 147 

it pertains to sound.  Leq represents the equivalent-continuous sound level over a 148 

given time period.  The L90 is a common exceedance sound level value and 149 

represents the sound level with minimal influence from short-term, loud transient 150 

sound sources.  The L90 represents the sound level exceeded for 90 percent of the 151 

time period during which sound levels are measured.  The L90 value is regarded as 152 

the most accurate tool for measuring relatively constant background noise and for 153 
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minimizing the influence of isolated spikes in sound levels (such as a barking dog or 154 

door slamming). 155 

 156 

Q. What were the results of your monitoring and analysis of the existing 157 

background sound levels? 158 

A. Common sources of ambient sound included high speed traffic, birds, farm 159 

equipment, and noise from the wind.  Ambient sound levels throughout the Project 160 

Area were typical for a rural area, and generally ranged from 21.5 dBA to 45 dBA 161 

L90. 162 

 163 

Q. Could you provide an overview of the methodology used in conducting the 164 

acoustic modeling analysis for the Project? 165 

A. Our modeling utilized conservative assumptions and was conducted in accordance 166 

with the international standard (ISO 9613-2), which is used for projecting outdoor 167 

sound levels from specific sources.  Specifically, ISO 9613-2 assumes downwind 168 

sound propagation between every source and every receiver; consequently, all wind 169 

directions are taken into account. This is a conservative method because, in the 170 

model, each receiver is downwind of every source, a scenario that cannot physically 171 

occur.  Additionally, the modeling did not include attenuation for sound propagation 172 

through wooded areas, existing barriers, and shielding, and assumed that all 173 

turbines were operating at maximum power output (and therefore, maximum sound 174 

levels) at all times to represent worst-case noise impacts from the wind farm as a 175 

whole.  These assumptions were made to maintain the inherent conservativeness of 176 

the model and to estimate the worst-case modeled sound levels.  177 

 178 

Modeling was completed for both the GE 3.8-137 and Vestas V136-3.6 turbine 179 

models.  Although turbines would be constructed at only up to 61 of the 63 potential 180 

turbine sites, modeling was conducted for each turbine model at all 63 locations to 181 

confirm that any location selected would meet the 45 dBA design goal.  182 

 183 
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Cumulative sound levels from all 63 proposed turbines were calculated for each of 184 

the 138 discrete receivers that surround the Project.  The model was developed 185 

using a software program called CadnaA.  The model takes into account source 186 

sound power levels, air absorption, ground absorption and reflection, and terrain.  187 

Each receiver was assumed to have a height of 1.52 meters (5 feet) above ground 188 

level.  189 

 190 

Further discussion of the methodology used is provided in the Sound Study 191 

(Appendix M of the Application). 192 

 193 

Q. Could you summarize the results of the analysis? 194 

A. For both turbine models, predicted sound levels from the Project are less than 45 195 

dBA at all residences.  The highest modeled sound level was 41.9 dBA.  Thus, the 196 

results show the Project will comply with the Bon Homme County noise standard.   197 

 198 

Q. Are you aware of any post-construction noise studies for other wind farms 199 

that support the accuracy and conservativeness of the pre-construction noise 200 

modeling you conducted for the Project? 201 

A. Yes.  There are a number of studies that support the accuracy and assumptions 202 

used in the Sound Study, and we have conducted many post-construction 203 

measurement studies on projects for which we predicted sound impacts.  For 204 

example, the Research Study on Wind Turbine Acoustics (“RSOWTA”), conducted 205 

by RSG et al, (Massachusetts Study on Wind Turbine Acoustics, 2016) for the 206 

Massachusetts Clean Energy Center and the Massachusetts Department of 207 

Environmental Protection, compared modeling results with monitoring results for a 208 

range of conditions for five different wind turbine installation sites.  The RSOWTA 209 

concluded that the same general parameters used in our modeling would predict 210 

conservative real-life results. Our own post-construction studies have demonstrated 211 

that our pre-construction conservative prediction methods typically exceed actual 212 

operational sound levels of proposed projects. 213 

 214 
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Q. How accurate is your analysis of the anticipated sound levels generated by the 215 

Project? 216 

A. The methods used in this study to develop the potential sound impacts of this 217 

Project are consistent with those used in most of our predictive studies.  We perform 218 

many acoustical studies per year, with nearly half requiring post-construction 219 

compliance demonstration.  In-house and third-party monitoring has routinely 220 

demonstrated that our prediction methods are conservative, and monitoring results 221 

are typically between 1 and 3 dBA lower than our predictions. 222 

 223 

V. CONCLUSION 224 

 225 

Q. Does this conclude your Direct Testimony? 226 

A. Yes.  227 

 228 

Dated this 30th day of May, 2018. 229 

   230 

Chris Howell  231 
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~ CHRIS HOWELL, INCE 
Senior Noise Specialist 

Mr. Howell is a Project Manager in the 
Environmental Services division. Mr Howell is 

the Burns & McDonnell noise lead. He manages 
general environmental permitting teams, with a 

specialty in generation and noise analyses. Mr. 

Howell leads an experienced team of permitting 

specialists who conduct feasibility studies and 

assist clients with regulatory compliance and/or 
mitigation efforts. Mr. Howell's clients range 

from generation, transmission and distribution, to 
transporation. Many of Mr. Howell's projects 
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EDUCATION 
► BS, Mechanical Engineering 

MEMBERSHIP 
► Institute of Noise Control 

Engineering 

15 YEARS WITH BURNS & MCDONNELL 

17 YEARS OF EXPERIENCE 

require public involvement, testimony, and/or interaction with regulatory agencies. Mr. Howell is an Associate at Burns & 
McDonnell. 

Prevailing Winds Wind Farm, Prevailing Winds LLC. 
Avon, SD, 2016 
Noise Lead. Mr. Howell performed predictive noise modeling using CADNA and assisted Prevailing Winds with public 

testimony during the licensing and permitting phase of a 200-MW wind fann. 

Lone Tree Wind Farm, Leeward 
Bureau County, IL, 2017 
Noise Lead. Mr. Howell performed predictive noise modeling using CADNA to assist Leeward in the permitting and 
licensing phase for a proposed wind fann in Bureau County, IL. Octave band analysis and existing wind farms cumulative 

impacts were performed. Mr. Howell provided written and oral testimony in front of the zoning board. 

Thunder Spirit Wind Farm, Allele Clean Energy 
Adams County, ND, 2017 
Noise Lead. Mr. Howell performed predictive noise modeling using CADNA to assist ACE in the permitting and licensing 
for a proposed 155.5-MW wind farm in Adams County, ND. Octave band analysis and existing wind farms cumulative 

impacts were performed. Mr. Howell provided written and oral testimony in front of the zoning board. 

Mendota Hills Wind Farm Repower, Leeward 
Lee County , IL, 2016 
Noise Lead. Mr. Howell performed predictive noise modeling using CADNA to assist Leeward in the permitting and 
licensing phase for repowering an existing wind fann, using fewer, larger turbines. Comparisons were performed to the 

currently operating wind farm's impacts. Mr. Howell provided written and oral testimony for the project. 

Milligan 1 and 3 Wind Farms, Aksamit 
Saline Coun ty, NE, 2016 
Noise Lead. Mr. Howell performed predictive noise modeling using CADNA to assist Aksamit in the permitting and 

licensing phase of374-MW of turbines in Saline County, NE. Written and graphical descriptions of impacts were provided. 
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CHRIS HOWELL, INCE 
(continued) 
 

    
 

Energia Sierra Juarez Wind Farm, Sempra International 
Baja Cal i fornia,  Mexico,  2014 
Noise Lead. Mr. Howell performed predictive noise modeling using CADNA to assist Sempra in the permitting and 
licensing phase of a 155-MW wind farm. Impacts at nearby sensitive receptors were depicted using isopleths of equal sound 
level overlaid onto aerials of the project area. 
 

Top Crop 3&4 Wind Farm, Horizon Wind Energy 
L iv ingston,  Grundy,  and LaSal le  Count ies,  IL ,  December 2011  
Noise Lead. Mr. Howell performed ambient monitoring and predictive noise modeling using CADNA to assist Horizon in 
the permitting and licensing phase of adding 300-MW of turbines to the existing TC1&2 Wind Farm.  A cumulative analysis 
of various surrounding wind farms was completed the three counties as a whole using data from nearby, non-Horizon wind 
farms in conjunction with the Horizon project and various design options.   
 

Twin Groves Phases 4 & 5, Horizon Wind Energy 
McLean County,  IL ,  2009 And 2011  
Noise Lead. Mr. Howell performed background noise monitoring and predictive noise modeling using CADNA to assist 
Horizon in the permitting and licensing phase of a 500-megawatt wind farm.  He successfully assisted with public testimony.  
Later, Mr. Howell assisted Horizon with the determining the noise implications that changing turbines would have to the 
already approved wind farm. 
 

Rail  Splitter,  Horizon Wind Energy 
Logan and Tazewel l  Count ies,  IL ,  2008 and 2011  
Noise Lead. Mr. Howell performed background noise monitoring and predictive noise modeling using CADNA to assist 
Horizon in the permitting and licensing phase of a 500-megawatt wind farm.  Later, Mr. Howell assisted Horizon in 
determining what cumulative noise impacts would occur when of adding WindBOOST technology. 
 
Bright Stalk,  Horizon Wind Energy 
Chenoa,  IL ,  2010 
Noise Lead. Mr. Howell performed background noise monitoring and predictive noise modeling using CADNA to assist 
Horizon in the permitting and licensing of a 400-megawatt wind farm.  He provided written and oral public testimony.  
 

Meadow Lake Phases 1-5, Horizon Wind Energy 
White County,  IN,  2009 and 2011  
Noise Lead. Mr. Howell led a team that performed background noise monitoring and predictive noise modeling using 
CADNA to assist Horizon with permitting and licensing of a 500-megawatt wind farm, in multiple phases. Later, Mr. Howell 
assisted Horizon in determining what cumulative noise impacts would occur when of adding WindBOOST technology to 
increase the as-built wind turbines power output. 
 
Lompoc Wind Farm, Acciona 
Santa Barbara,  CA,  July  2010 
Noise Lead. Mr. Howell performed predictive noise modeling using CADNA to assist Acciona in the permitting and 
licensing phase of a wind farm. He also created documentation regarding public interaction and action plans. He also 
developed a monitoring plan for the project and was to coordinate a team of specialists to carry out ambient noise monitoring. 
The project is currently on hold. 
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I. INTRODUCTION 1 

 2 

Q. Please state your name. 3 

A. My name is Chris Howell.   4 

 5 

Q. Did you provide Direct Testimony in this Docket? 6 

A. Yes.  I submitted direct testimony in this docket on May 30, 2018. 7 

 8 

Q. What is the purpose of your Rebuttal Testimony? 9 

A. The purpose of my Rebuttal Testimony is to provide the results of updated acoustic 10 

modeling to reflect a taller hub height for the proposed turbine, two small turbine 11 

shifts and nine (9) additional occupied residences that were identified in Prevailing 12 

Wind Park, LLC’s (“Prevailing Wind Park”) re-review of residences within and near 13 

the Prevailing Wind Park Project (“Project”) area, as described in Bridget Canty’s 14 

Rebuttal Testimony.  In addition, I will respond to the testimony of Mr. David Hessler, 15 

submitted on behalf of the South Dakota Public Utilities Commission Staff (“Staff”); 16 

Mr. Richard R. James, submitted on behalf of Intervenors; and Mr. Jerry L. Punch, 17 

submitted on behalf of Intervenors.  18 

 19 

Q. Are there any exhibits attached to your Rebuttal Testimony? 20 

A. The following exhibit is attached to my Rebuttal Testimony: 21 

• Exhibit 1:  Memorandum Regarding Updated Modeling Results – Prevailing Wind 22 

Park 23 

II. UPDATED ACOUSTIC MODELING 24 

 25 

Q. Do you have any updates to your Direct Testimony? 26 

A. Yes.  We have conducted updated acoustic modeling of the Project’s proposed 27 

layout to model the proposed GE 3.8-137 turbine a with a taller hub height (111.5 28 

meters v. 110 meters), sound for the additional nine (9) receptors, the revised 29 

locations of Turbines 38 and 40, and the removal of turbine location T19.  A 30 

memorandum summarizing the results of our updated acoustic modeling is included 31 
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as Exhibit 1.  Exhibit 1 includes graphical presentation of the predicted 45 dBA 32 

contour lines overlain on aerials.   33 

 34 

Q. Could you summarize the results of your updated acoustic modeling? 35 

A. Yes.  The updated modeling results are generally consistent with the previously 36 

submitted sound study.  All residences are expected to be below 45 A-weighted 37 

decibels (dBA) and  therefore meet the Bon Homme County Ordinance sound 38 

limits.1 39 

 40 

Q. Can you discuss the accuracy of your analysis of the anticipated sound levels 41 

generated by the Project? 42 

A. Yes.  As I previously discussed in my Direct Testimony (Howell Direct, lines 215-22), 43 

the methods we used in this study to develop potential Project sound impacts are 44 

consistent with those we have used in most of our predictive studies.  Nearly half of 45 

the projects we study each year require post-construction compliance 46 

demonstration, and that monitoring has routinely shown that our prediction methods 47 

are conservative (i.e., over-predict impacts).  48 

 49 

III. RESPONSE TO TESTIMONY OF DAVID HESSLER 50 

 51 

Q. What is your overall response to Mr. Hessler’s testimony? 52 

A. I have reviewed Mr. Hessler’s Direct Testimony, dated September 10, 2018.  53 

Mr. Hessler concludes that our noise modeling methodology and assumptions are 54 

satisfactory.  Mr. Hessler concurs with our conclusion that the Project will meet the 55 

Bon Homme County 45 dBA noise limit for all residences, including those in Charles 56 

Mix and Hutchinson counties, where no noise limits are in force (see Hessler Direct, 57 

lines 1-4).  He states that 45 dBA is an appropriate and reasonably fair regulatory 58 

                                            
1 Bon Homme Zoning Ordinance Section 1741 provides: “Noise level produced by the LWES shall not 
exceed forty five ( 45) dBA, average A-weighted sound pressure at the perimeter of occupied residences 
existing at the time the permit application is filed, unless a signed waiver or easement is obtained from 
the owner of the residence.” 
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noise limit for wind projects at non-participating residences (see Hessler Direct, lines 59 

8-9).  I agree with those conclusions, and I further agree with Mr. Hessler’s 60 

statement that regardless of sound level, not everyone will be completely satisfied 61 

with turbine sound emissions.  62 

  63 

I do not agree with Mr. Hessler’s assertion that Burns & McDonnell Engineering 64 

Company, Inc. (“Burns & McDonnell”) should attempt to study or model the 65 

subjective reactions of the community.  That type of evaluation is not required, and 66 

in my opinion, would be highly speculative.   67 

 68 

Q. Mr. Hessler faults your analysis for not “assessing or addressing in any way 69 

the potential for an adverse community reaction to project noise.”  Do you 70 

agree with this criticism? 71 

A. I agree that our analysis did not assess the potential for an adverse community 72 

reaction to Project noise, but I do not agree that it should have done so.  The Burns 73 

& McDonnell analysis identified the Project’s anticipated sound level impacts, using 74 

industry-accepted methods, to determine whether the Project will comply with Bon 75 

Homme County’s applicable and quantifiable noise limit of 45 dBA at currently 76 

inhabited dwellings.  Community reaction is subjective and based on a number of 77 

factors other than the sound levels actually produced.2  This is true whether that 78 

reaction is positive or negative.  Thus, the potential for adverse community reaction 79 

to Project noise is neither an objective standard for the Project to meet nor the 80 

applicable regulatory standard.    81 

 82 

                                            
2 Michaud, David S., et. al. “Personal and situational variables associated with wind turbine noise 
annoyance.”  J. Acoust. Soc. Am. 139 (3), March 2016. 
 
Haac, R., K. Kaliski, M. Landis, B. Hoen, J. Firestone, J. Rand. (2018) Predicting audibility of and 
annoyance to wind power project sounds using modeled sound.  Lawrence Berkley National Laboratory.  
Preliminary Results Webinar.  February 27, 2018. 
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Q. Are you familiar with the work of Australian acoustician Steven Cooper, as 83 

referenced by Mr. Hessler? 84 

A. Yes, I am familiar with Mr. Cooper of The Acoustics Group in Australia and his work.  85 

Mr. Hessler refers to a paper that Mr. Cooper authored.3  The referenced paper 86 

discusses a very specific method for monitoring and reproducing sound from wind 87 

farms for a select group of people identified as being sensitized to wind turbine 88 

noise.  The paper is an extension of a sound level measurement study at the Cape 89 

Bridgewater Wind Farm near Victoria, Australia, for which Mr. Cooper was the lead 90 

investigator.  Among other things, Mr. Cooper sought to measure infrasound and low 91 

frequency sound, recreate those sounds in a laboratory, and correlate that sound to 92 

adverse health effects. 93 

 94 

Q. What is your opinion of Mr. Cooper’s study? 95 

A. I do not believe that the study provides helpful information to the Commission with 96 

respect to the Project.  It has methodological flaws and does not reproduce a 97 

realistic environment.  The study suggests that people who are more sensitive to low 98 

frequency noise are able to identify low frequency noise in a controlled environment.  99 

While a control group consisting of nine people (one who is hearing impaired and 100 

four acousticians) was used in the study, the main test group consisted entirely of 101 

people self-identified as being sensitive to wind turbine noise.  The study did not 102 

reproduce the types of noise that one would actually experience near a wind farm; 103 

there is a significant difference in the characteristics and amplitude of the measured 104 

indoor sound levels and what was reproduced in the laboratory environment.  The 105 

sound levels generated within Mr. Cooper’s laboratory, which represent the noise 106 

recorded within a single home at the Cape Bridgewater project, are significantly 107 

higher (10 to 20 dB) than the ambient sound level for low frequencies and the mid 108 

frequencies.  Generating specific audio files in a controlled environment does not 109 

actually replicate the sound a person would experience outside of a laboratory.  As 110 

                                            
3 Cooper, S., Chan, C. (2017). Subjective perception of wind turbine noise - The stereo approach. Proc. 
Mtgs. Acoust. Vol. 31, 040001. 
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such, the sounds generated and amplified for the test subjects to experience are not 111 

realistic. 112 

 113 

Q. Do you agree with Mr. Hessler’s analysis of Mr. Cooper’s study? 114 

A. I do not agree that the Commission should rely on Mr. Cooper’s study.  As I noted 115 

previously, the study has methodological flaws, making it unreliable.  It also does not 116 

replicate the sound that individuals will actually experience near a wind farm.     117 

 118 

IV. RESPONSE TO TESTIMONY OF RICHARD R. JAMES 119 

 120 

Q. Have you reviewed the Prefiled Testimony of Richard R. James, submitted on 121 

behalf of intervenors in this proceeding? 122 

A. Yes.  I have reviewed Mr. James’ testimony, as well as the exhibits attached to his 123 

testimony.   124 

 125 

Q. Mr. James critiques your assessment of the Project using a 45 dBA sound 126 

limit.  How do you respond to his critique? 127 

A. The Project did not independently choose to apply the 45 dBA sound level.  Rather, 128 

the Bon Homme County ordinance limit of 45 dBA sound level for non-participants 129 

was identified as the applicable regulatory noise limit for the Project.  The Project is 130 

voluntarily applying the same 45 dBA standard in Charles Mix and Hutchinson 131 

Counties, neither of which has an applicable noise limit.   Additionally, this is the 132 

level that Mr. Hessler testifies is an appropriate and reasonable level.   133 

 134 

Q. Mr. James states that “the maximum sound level for audible sounds should be 135 

35 dBA (Leq) and 50 dBC, especially for nighttime wind turbine noise.” (James 136 

Direct, lines 101-02)  How do you respond? 137 

A. I do not agree.  First, C-weighted levels are of no significance to sounds created by 138 

wind farms.  Second, as noted by Mr. Hessler in his Direct Testimony, the 45 dBA 139 

level is appropriate and C-weighting also has other serious technical problems. 140 

 141 
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Q. Are you familiar with the paper titled Noise:  Wind Farms included as Exhibit 2 142 

to Mr. James’ testimony? 143 

A. Yes.  The paper describes wind turbines in general, and how they make noise.  It 144 

goes on to recommend that further research should be conducted as there is no 145 

definitive evidence of wind turbine noise and direct health effects.   146 

 147 

Q. Do you believe that the Noise:  Wind Farms paper provides the Commission 148 

with important information related to the Project? 149 

A. I believe the paper makes it clear that complaints arising from wind farms are more 150 

related to how people feel about the wind farm than the actual sound levels emitted 151 

by the wind farm.  Because of this, the paper is not very useful to the Commission in 152 

relation to the Project.   153 

 154 

Q. Are you familiar with the work of Dr. Paul Schomer, titled A Possible Criterion 155 

for Wind Farms, included as Exhibit 3 to Mr. James’ testimony? 156 

A. Yes.  Dr. Schomer attempts to identify a single metric to use for determining 157 

acceptability of a wind farm’s sound levels based on an assumed percentage of 158 

residents that would be highly annoyed.  Dr. Schomer argues that the percent of 159 

people highly annoyed is relatable to specific noise metrics and levels.  He 160 

summarizes that a day-night average sound level, where a 10 dB penalty is applied 161 

to nighttime hours (DNL), is related to an equivalent sound level for a 24-hour period 162 

(Leq 24-hour).  Dr. Schomer’s proposed metric is based on subjective perceptions 163 

rather than measurable metrics.  In my opinion, that is why the proposed metric has 164 

not been accepted in the acoustical community.   165 

 166 

Q. Do you agree with Mr. James’ analysis of Dr. Schomer’s paper? 167 

A. No.  Mr. James appears to argue that Dr. Schomer makes recommendations similar 168 

to those of Mr. James regarding noise thresholds in rural communities.  Dr. 169 

Schomer’s analysis does not support the use of dBC criteria, which runs counter to 170 

Mr. James’ recommendation that a 50 dBC limit be used.  Additionally, as I 171 

discussed above, I disagree that using a 24-hour average limit is appropriate for 172 
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sound produced by a wind farm, as it is likely to misrepresent the sound level of a 173 

wind farm at any given time.  A 24-hour Leq limit may be less restrictive than a lower 174 

sound level over a shorter-duration, such as the 45 dBA limit applied with respect to 175 

the Project.   176 

 177 

Q. Mr. James appears to assert that the Project should apply noise limits to 178 

property lines as opposed to occupied residences.  Do you agree? 179 

A. No.  As I discussed above, the only applicable noise limit with respect to the Project 180 

is that set by Bon Homme County.  I agree with Mr. Hessler’s testimony that the 181 

sound levels at residences is the appropriate measurement and consistent with the 182 

generally accepted methodology.  183 

 184 

Q. Have you reviewed Exhibit 6 to Mr. James’ testimony? 185 

A. Yes, I have looked at Mr. James’ Exhibit 6.  There are various figures and 186 

descriptions for measuring infrasound at several residences.  187 

 188 

Q. Do you believe that Exhibit 6 to Mr. James’ testimony presents useful 189 

information to the Commission with respect to this Project? 190 

A. No, I do not.  The graphics and charts demonstrate that the sound levels measured 191 

at a different, non-similar project are all significantly below the levels of perception 192 

presented within numerous studies of infrasound perception and hearing from ISO 193 

226.   194 

 195 

Q. Mr. James notes that ISO 9613-2 “states it is not applicable for noise sources 196 

that are more than 30 meters above the ground or receiver elevation” (James 197 

Direct, lines 249-350) and Mr. James indicates that ISO 9613-2 is not 198 

appropriate for wind turbine noise.  How do you respond? 199 

A. Using a model based on ISO 9613-2 methods for wind farm sound is a good 200 

predictor of what will be measured upon completion of the Project, and is the 201 

international standard approach for acoustical studies for wind farms.  The modeling 202 

results have been proven accurate when compared to measured results in 203 
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numerous studies by professionals in the industry, standards develpers, and 204 

government agencies.   205 

 206 

Q. Mr. James comments on the values for ground attenuation reflected in the 207 

Burns & McDonnell sound model, stating that the values used for ground 208 

attention were not disclosed and that the “proper value for ground attenuation 209 

is ‘0’ to turn off any calculations of ground effect.”  (James Direct, lines 354-210 

55)  How do you respond? 211 

A. Using “0” for ground absorption is considered overly conservative, and is 212 

representative of “hard ground” (i.e., paving, water, ice, concrete).  The Project area 213 

is predominantly agricultural in nature, which according to ISO 9613-2 is considered 214 

“porous ground.”  ISO 9613-2 suggests a ground absorption value of 1.0 for “porous 215 

ground.”  As a conservative assumption for the Project, we used a ground 216 

absorption value of 0.5 within the model to simulate mixed ground (equally hard and 217 

porous).   218 

 219 

According to ISO 9613-2, ground absorption plays a role in three distinct areas:  the 220 

source, the middle, and the receiver.  While the source and middle are at significant 221 

elevations, the receiver area is near grade and will be influenced by the ground 222 

absorption.  The influence of ground absorption due to elevation of the source and 223 

receiver, and therefore the middle area, is automatically determined within the 224 

model.  Again, assuming “0” for ground absorption near the receiver is considered 225 

overly conservative. 226 

 227 

Q. Do you agree with Mr. James’ conclusion that predicted sound levels at 228 

receptors in and near the Project are at least 5 dBA less than what should be 229 

expected under operating conditions? 230 

A. No.  We are confident that our modeling results are conservative and that the noise 231 

levels predicted in our modeling will not be exceeded when the Project is 232 

operational.   Models can be set up to under predict or over predict.  In a regulatory 233 

setting in which compliance is based on actual wind turbine sound levels (as is the 234 

 
015126



 

9 

case in Bon Homme County), it does not benefit the Project to under predict 235 

potential sound levels.  As a result, we use conservative values when practical.  We 236 

have developed and refined our modeling techniques using actual measurement 237 

data as a basis for comparison, and generally, in a manner that has been proven 238 

accurate throughout the years.  As I discussed in my Direct Testimony and above, 239 

post-construction monitoring results of projects for which we have completed 240 

predictive sound studies are typically lower than our predictions. 241 

 242 

V. RESPONSE TO TESTIMONY OF JERRY L. PUNCH  243 

 244 

Q. Dr. Punch suggests that LAmax is the optimal noise measurement metric.  245 

Why didn’t Burns & McDonnell use LAmax as a noise measurement metric in 246 

its Sound Study?   247 

A. LAmax is not appropriate as a noise measurement metric for noise from wind 248 

turbines.  According to the World Health Organization’s (2009) Night Guidelines  249 

(“WHO Guidelines”), LAmax is useful to predict short-term or instantaneous noise 250 

sources, such as that from barking dogs, clapping thunder, or passing cars.  Thus, 251 

LAmax is designed to quantify sound levels emitted from very infrequent sources of 252 

noise.  Wind turbines create noise on a more regular basis.   253 

 254 

Additionally, the WHO Guidelines do not suggest LAmax as a guideline limit.  255 

Rather, they suggest an Lnight, outdoor level of 40 dBA.  This is an average sound 256 

level during all nighttime hours (8-hour period) over each night of an entire year, and 257 

the metric is inclusive of any sound that may occur.  Lnight, outdoor is generally not 258 

an appropriate metric for wind projects, as there will be many nights when the wind 259 

turbines are not operating and would reduce the Lnight, outdoor level.  The predicted 260 

sound levels for the Project will be below 45 dBA would apply on any given night, 261 

would not be averaged out over an entire year, and would differentiate wind turbine 262 

noise from other intrusive sounds.   263 

 264 
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Q. Dr. Punch suggests that, as an alternative to LAmax, 36-38 dBA, based on a 265 

24-hour measurement period, is an appropriate noise limit.  Do you agree? 266 

A. As discussed above, a 24-hour Leq limit is not appropriate for this type of source, 267 

and is likely to misjudge the sound level of a wind farm at any given time.  As such, a 268 

24-hour Leq limit may be less restrictive than a lower sound level over a shorter-269 

duration, such as the 45 dBA limit applied with respect to the Project.   270 

 271 

Q. Dr. Punch critiques the Burns & McDonnell sound study for not including a 272 

discussion of the annoyance and adverse health impacts of the Project.  Do 273 

you agree with Dr. Punch’s assessment? 274 

A. I agree that we did not perform an analysis of annoyance.  That is not a criterion for 275 

compliance and would be speculative at best.  The Burns & McDonnell sound study 276 

focused on demonstrating compliance with the applicable sound regulations for the 277 

Project. 278 

 279 

Q. What is your response to Dr. Punch’s identification of shortcomings in your 280 

study of background sounds? 281 

A. Dr. Punch indicated that the Burns & McDonnell ambient study showed high sound 282 

levels.  The report does show that an ambient L90 sound level of 45 dBA was 283 

measured, but states that it was one measurement location during early evening 284 

hours.  All other measurements were less than 40 dBA.  Sources of extraneous 285 

noise were provided in Appendix A of the report.  For this particular instance, birds 286 

and high-speed cars are noted during the evening hours when the ambient sound 287 

level reached 45 dBA.  This is a reasonable early-evening sound level near a 288 

roadway. 289 

 290 

Another of the items Dr. Punch takes exception to is the use of A-weighting as 291 

“misleading” in how it handles low frequencies.  The report does not mislead the 292 

reader and clearly states that the A-weighting network emphasizes the middle 293 

frequencies and deemphasizes sounds in the low and high frequencies.  A-weighting 294 

is fully appropriate because the noise limit for comparison is A-weighted.  295 
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Additionally, as I previously discussed, using other weightings is not appropriate for 296 

wind farms. 297 

 298 

VI. CONCLUSION 299 

 300 

Q. Does this conclude your Rebuttal Testimony? 301 

A. Yes. 302 

 303 

Dated this 26th day of September, 2018. 304 

 305 
   306 

Chris Howell 307 
 308 
 309 
64846409 310 
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Memorandum BURNS ~ ~DON~N_E_L_L_~ 

Date: September 26, 2018 Exhibit A10-1 

To: Prevailing Winds Project Team 

From: Burns & McDonnell 

Subject: Updated Modeling Results - Prevailing Wind Park 

Prevailing Wind Park, LLC (Developer) is proposing to construct the Prevailing Wind Park near 
Avon, South Dakota, in Bon Homme, Hutchinson, and Charles Mix Counties (Project). The 
Project will consist of 60-62 wind turbines with a maximum nameplate capacity ofup to 219.6 
megawatts (MW), although output at the point of interconnection will be limited to a maximum 
of200 MW. A total of 62 wind turbine sites were analyzed for the sound model, General Electric 
(GE) 3.8-13i . Directly north of the Project, NorthWestern Energy operates 43, 1.85-MW GE 
1.85-87 wind turbines as part of the Beethoven Wind Farm. Sound emitted by the Beethoven 
Wind Farm turbines were not included in this analysis. This sound assessment was completed to 
model the sound that would be generated by the Project and to determine if the Project could 
operate in compliance with the applicable sound regulations. 

The Bon Homme County ordinance limits sound levels of wind energy systems to 45 dB A at 
occupied receptors, unless a signed waiver or easement is obtained from the owner of the 
residence. There are no zoning requirements for this Project within Charles Mix County. 
Hutchinson County has no numeric noise ordinance. Therefore, the Bon Homme County 
ordinance sound level limit was used as the design goal for all areas of the Project. 

Sound Modeling 
The program used to model the turbines was the Computer Aided Noise Abatement (CadnaA), 
Version 2018, published by DataKustik, Ltd., Munich, Germany. The program is a scaled, three
dimensional program that takes into account air absorption, terrain, ground absorption, and 
ground reflection for each piece of noise-emitting equipment and predicts downwind sound 
pressure levels. The Project contains 62 wind turbine locations. Predictive modeling was 
conducted to determine the impacts from the new turbines at the nearest occupied residences. 
Wind turbine heights and acoustical emissions were input into the model. The nacelles of each 
wind turbine are mounted on towers 111.5 meters high. 

The sound emissions data supplied by GE was developed using the International Electrotechnical 
Commission (IEC) 61400-11 acoustic measurement standards. The Project also includes a 
collection substation with one transformer designed to 82 dBA at 2 meters. The octave band 
sound levels for the transformer were based on the National Environmental Management 
Authority (NEMA) sound pressure level rating from the environmental noise guide. The 

1 Prevailing Wind Park, LLC directed us to remove turbine location Tl 9 for purposes of this analysis. 

 
015130



September 26, 2018  

Page 2 

expected sound power levels for each turbine and the collection substation transformer are 

displayed in Table 1. 

 
Table 1: Maximum Sound Power Levels 

Sound 
Source 

Height 

(m) 

Sound Power Level (dBA) 

31.5 63 125 250 500 1000 2000 4000 8000 dBA 

GE 3.8-137 111.5 78.5 86.8 92.6 96.4 99.4 102.1 102.0 93.7 79.2 107.0 

Transformera 4.5 99.0 105.0 107.0 102.0 102.0 96.0 91.0 86.0 79.0 102.4 

a) Transformer sound power level is based on the NEMA standard sound level for a transformer rated to 82 dBA at 6 meters. 

 

Results 

The maximum model-predicted Leq sound pressure levels at each receiver (the logarithmic 

addition of sound levels from each frequency from every turbine and transformer) are included in 

Attachment 1. The highest predicted sound level at an occupied residence is 41.9 dBA. These 

values represent only the noise emitted by the GE wind turbines. There are no expected 

exceedances of the identified regulations due to operation of any of the proposed wind turbine 

locations of the Project.  

 

 

GDW 

 

 

Attachment 1 – Predicted Sound Pressure Levels 

Attachment 2 – Sound Contour Figure 

 

EXHIBIT A10-1

Memorandum (cont~d) BURNS ~ £DONNELL 
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Attachment 1 – Predicted Sound Pressure Levels  

EXHIBIT A10-1

Memorandum BURNs&1soONNELL 
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Attachment 1 ‐ Modeling Results
All Turbines: GE 3.8‐137, 111.5 m hub height

Receiver Easting (m) Northing (m) Base Elevation (m)

REC‐001 583178.93 4781949.36 473.94 24.7 N

REC‐002 578731.00 4782428.97 540.99 29.1 N

REC‐003 580506.89 4783273.92 505.27 33.7 N

REC‐004 582678.66 4780104.52 480.03 32.4 N

REC‐005 583326.78 4778396.84 476.81 27.5 N

REC‐006 583615.28 4778695.43 471.94 26.2 N

REC‐007 579386.45 4783171.84 519.65 29.7 N

REC‐008 579364.54 4780122.78 515.18 38.2 N

REC‐009 582485.70 4779597.03 481.47 35.1 N

REC‐010 570706.40 4779232.69 531.85 20.3 N

REC‐011 568954.92 4779049.93 516.88 23.1 N

REC‐012 575450.96 4778869.67 571.47 ‐ N

REC‐013 570834.43 4777923.92 539.22 27.4 N

REC‐014 578568.31 4777265.47 526.35 38.1 N

REC‐015 578578.94 4777228.45 526.13 38.3 N

REC‐016 569437.95 4774776.35 523.53 38.9 N

REC‐017 567999.72 4773683.50 489.60 36.8 N

REC‐018 575893.85 4773069.05 525.25 32.7 N

REC‐019 568870.35 4772837.61 510.51 36.3 N

REC‐020 568170.58 4772373.09 491.63 30.5 N

REC‐021 574122.73 4771641.66 507.46 34.9 N

REC‐022 574117.98 4771913.43 508.31 34.5 N

REC‐023 567115.19 4771132.04 470.89 ‐ N

REC‐024 569455.79 4770885.60 499.55 34.2 N

REC‐025 582409.59 4770691.28 486.10 26.3 N

REC‐026 582205.90 4770538.43 489.18 27.7 N

REC‐027 569450.78 4770122.57 499.25 32.0 N

REC‐028 578915.96 4770106.59 519.65 30.5 N

REC‐029 567890.47 4769896.98 472.42 19.1 N

REC‐030 574057.84 4769738.20 530.58 35.4 N

REC‐031 571038.40 4769099.63 510.51 36.6 N

REC‐032 579594.58 4768433.69 507.46 40.2 N

REC‐033 574388.42 4768112.11 502.26 28.9 N

REC‐034 575856.91 4767968.51 509.35 34.0 N

REC‐035 568988.11 4768088.17 487.50 27.6 N

REC‐036 574139.54 4767903.27 507.06 28.0 N

REC‐037 580534.75 4767955.77 497.42 40.6 N

REC‐038 569570.52 4767693.73 493.87 33.1 N

REC‐039 575753.59 4767511.52 511.25 33.3 N

REC‐040 575853.92 4767408.85 513.56 34.2 N

REC‐041 577365.54 4767429.45 496.85 41.4 N

REC‐042 580534.93 4768649.62 501.93 40.0 N

REC‐043 582314.18 4767105.01 476.98 30.8 N

REC‐044 577581.91 4766535.38 501.37 35.6 N

REC‐045 580459.53 4766528.35 495.27 37.9 N

REC‐046 570892.00 4766384.10 500.34 39.9 N

REC‐047 576071.91 4766099.10 511.58 28.5 N

REC‐048 575888.47 4765484.03 507.46 26.2 N

REC‐049 579136.06 4765003.57 501.37 36.3 N

REC‐050 575594.26 4764877.78 513.56 22.9 N

REC‐051 577014.96 4764806.12 483.08 32.7 N

REC‐052 571034.71 4764976.49 483.08 32.4 N

REC‐053 575751.76 4763553.72 504.89 18.1 N

REC‐054 579261.02 4763508.83 493.92 26.2 N

REC‐055 575738.19 4763383.18 501.37 18.7 N

REC‐056 578784.40 4763423.45 495.27 26.7 N

REC‐057 575728.70 4763020.56 496.19 ‐ N

REC‐058 574689.98 4762905.51 489.18 ‐ N

REC‐059 574608.88 4762765.31 484.23 ‐ N

REC‐060 575719.36 4763758.78 507.46 19.6 N

REC‐061 566590.17 4774005.26 470.89 25.5 N
REC‐062 566794.52 4771446.01 467.84 ‐ N

Coordinates Modeled 

LAeq

Exceed 45 dBA?

(Y/N)

Page 1 of 3
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Attachment 1 ‐ Modeling Results
All Turbines: GE 3.8‐137, 111.5 m hub height

Receiver Easting (m) Northing (m) Base Elevation (m)
Coordinates Modeled 

LAeq

Exceed 45 dBA?

(Y/N)

REC‐063 567575.59 4773523.26 480.49 32.1 N

REC‐064 568169.85 4775221.75 493.83 37.4 N

REC‐065 568402.45 4770548.21 483.08 24.8 N

REC‐066 569474.73 4776605.15 525.75 39.0 N

REC‐067 569782.41 4765373.88 493.98 36.0 N

REC‐068 570301.18 4776152.11 533.82 35.8 N

REC‐069 570320.63 4776086.07 530.62 36.0 N

REC‐070 570930.65 4767169.47 502.79 37.7 N

REC‐071 571246.87 4765598.42 488.81 38.5 N

REC‐072 571847.73 4767001.23 507.46 41.7 N

REC‐073 572712.41 4764371.30 476.98 25.2 N

REC‐074 572760.45 4768609.65 494.96 35.3 N

REC‐075 572875.14 4775183.93 528.80 39.1 N

REC‐076 573023.77 4775137.74 528.80 39.6 N

REC‐077 573104.39 4767558.79 488.61 31.1 N

REC‐078 572689.83 4764269.58 472.84 24.7 N

REC‐079 572840.24 4766532.05 483.08 35.8 N

REC‐080 574527.24 4771635.20 508.86 33.7 N

REC‐081 574606.23 4772084.46 513.56 33.9 N

REC‐082 575265.41 4775117.32 552.59 41.9 N

REC‐083 575384.42 4771695.61 513.56 34.9 N

REC‐084 575459.57 4773771.95 533.47 39.3 N

REC‐085 576210.31 4770611.18 524.57 35.2 N

REC‐086 576537.52 4765598.06 498.89 30.2 N

REC‐087 576971.43 4770447.24 531.85 40.6 N

REC‐088 577659.69 4765661.22 489.18 38.1 N

REC‐089 577747.37 4768859.92 513.80 40.5 N

REC‐090 577878.24 4764078.53 490.80 32.8 N

REC‐091 577915.85 4763844.06 489.18 30.5 N

REC‐092 578531.67 4767119.28 501.56 37.6 N

REC‐093 578575.67 4778618.52 525.75 36.7 N

REC‐094 578514.65 4776677.36 519.65 37.9 N

REC‐095 578804.05 4764274.93 501.37 32.8 N

REC‐096 578827.98 4768793.31 520.74 37.4 N

REC‐097 578943.49 4770454.51 519.65 29.0 N

REC‐098 579475.34 4767289.07 507.32 40.3 N

REC‐099 579720.64 4762441.83 480.38 ‐ N

REC‐100 580720.17 4765706.10 489.18 32.2 N

REC‐101 580991.94 4762540.89 476.98 ‐ N

REC‐102 581560.41 4763175.20 470.14 ‐ N

REC‐103 581721.12 4767420.32 484.05 35.9 N

REC‐104 581794.35 4770381.50 494.21 30.1 N

REC‐105 581890.50 4769063.10 495.27 40.1 N

REC‐106 581882.94 4766984.50 478.66 32.1 N

REC‐107 582089.90 4770568.08 488.75 27.9 N

REC‐108 582148.44 4764102.27 470.89 ‐ N

REC‐109 582609.65 4767582.94 483.08 31.6 N

REC‐110 583963.39 4770430.23 460.42 18.2 N

REC‐111 582577.80 4767332.36 480.99 30.7 N

REC‐112 570034.28 4777428.88 531.85 33.7 N

REC‐113 580225.65 4778670.25 516.61 41.3 N

REC‐114 580643.69 4779065.86 510.51 40.5 N

REC‐115 580812.98 4776797.89 507.54 39.5 N

REC‐116 581676.22 4775653.66 495.49 37.4 N

REC‐117 579367.75 4775404.23 525.75 36.8 N

REC‐118 580095.28 4784336.60 507.46 25.3 N

REC‐119 581867.73 4783246.46 489.52 29.7 N

REC‐120 582410.57 4781467.20 486.13 30.9 N

REC‐121 582256.16 4783054.99 483.20 28.4 N

REC‐122 582261.38 4777793.15 487.45 33.8 N

REC‐123 581460.71 4785645.95 483.97 ‐ N

REC‐124 577505.30 4781336.06 557.16 19.3 N
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Attachment 1 ‐ Modeling Results
All Turbines: GE 3.8‐137, 111.5 m hub height

Receiver Easting (m) Northing (m) Base Elevation (m)
Coordinates Modeled 

LAeq

Exceed 45 dBA?

(Y/N)

REC‐125 580995.88 4773976.31 501.99 29.4 N

REC‐126 580915.69 4774830.29 502.29 38.6 N

REC‐127 581473.61 4775075.61 495.27 37.0 N

REC‐128 581468.21 4774997.26 495.27 36.4 N

REC‐129 576815.58 4779814.18 556.23 21.4 N

REC‐130 567502.00 4781060.00 502.37 ‐ N

REC‐131 568850.00 4781446.00 523.04 ‐ N

REC‐132 570408.00 4783811.00 527.44 ‐ N

REC‐133 570806.00 4783497.00 538.25 ‐ N

REC‐134 570845.00 4782153.00 543.29 ‐ N

REC‐135 573665.00 4780153.00 564.37 ‐ N

REC‐136 579049.00 4772150.00 519.65 ‐ N

REC‐137 579104.00 4772978.00 519.65 17.9 N

REC‐138 573105.45 4772224.12 513.56 37.1 N

REC‐139 Schoenfelder House 569781.24 4772133.60 510.51 35.5 N

REC‐140 Gramkow‐Vesper Cemetery 580689.30 4768952.27 507.46 43.2 N

REC‐141 577129.69 4782270.05 574.52 ‐ N

REC‐142 584339.55 4769092.88 460.78 19.4 N

REC‐143 582521.68 4766643.44 470.89 27.4 N

REC‐144 582964.12 4764513.68 462.13 ‐ N

REC‐145 568186.44 4765929.46 457.18 26.7 N

REC‐146 576220.57 4771526.69 525.75 34.4 N

REC‐147 575778.28 4770360.98 519.65 37.3 N

REC‐148 568806.39 4770128.32 487.99 27.0 N

REC‐149 Presbyterian‐Bohemian Cemetery 567762.65 4773526.07 482.79 33.8 N

"‐" represents no expected impacts at the receiver location

Page 3 of 3

EXHIBIT A10-1~ BURNS 
~ M~DONNELL_ 

 
015135



  

Attachment 2 – Sound Contour Figure 

EXHIBIT A10-1

Memorandum (cont~d) BURNS ~ £DONNELL 

 
015136



S
er

vi
ce

 L
a

ye
r 

C
re

d
its

:  
S

ou
rc

e:
 E

sr
i, 

D
ig

ita
lG

lo
be

, G
eo

E
ye

, E
a

rt
h

st
a

r 
G

eo
gr

ap
hi

cs
, C

N
E

S
/A

irb
us

 D
S

, U
S

D
A

, U
S

G
S

, A
er

oG
R

ID
, I

G
N

, 
an

d 
th

e 
G

IS
 U

se
r 

C
om

m
u

ni
ty

!

#*

#*

#*

#*

!A

!A
!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

""

""

""

""

""

""

""

""

""

""
""

""

""

""""

""

""

""
""

""

""
""

""

""

""
""

""
""""

""

""

""

""
""

""

"" ""
""

""
"" ""

""

""

"" """"

""

""

"""" ""
""

"" """" ""

""
""
""

""

""

""

""

""

""

""

""

""""

""

""

""

""

""

""""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""

""
""""

""

""

""

""

""

""

""

""

""

""""

""

""

""

""

""

""

""

""
""

""

""

!A

9

8

7

6

5

4

3
2

1

64

63

62

61

60

58

57

56

55

54

53
52

51

50

49

48

47

46

45

44

43

42

41

40

39

38

37

36

35

34

33

32

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

C
O

P
Y

R
IG

H
T

 '
 2

01
8 

B
U

R
N

S
 &

 M
cD

O
N

N
E

LL
 E

N
G

IN
E

E
R

IN
G

 C
O

M
P

A
N

Y,
 I

N
C

.

Source: ESRI, Burns & McDonnell Engineering Company, Inc., South Dakota GIS, Prevailing Winds, LLC Issued: 9/26/2018

P
at

h
: Z

:\C
lie

n
ts

\E
N

S
\S

P
ow

er
G

ro
up

\1
0

42
94

_P
re

va
ili

ng
W

in
d\

S
tu

di
es

\P
er

m
itt

in
g\

M
od

el
in

g\
N

oi
se

\G
IS

\1
0

56
44

_P
re

va
ili

ng
W

in
ds

_
U

pd
a

te
_N

o
is

e_
C

o
nt

ou
rs

2.
m

xd
  

 g
w

eg
e

r 
  9

/2
6

/2
01

8

NORTH

1.2 0 1.20.6

Scale in Miles

Figure 2-1
Prevailing Wind Park
Wind Energy Facility
SDPUC Application

Project Area

45 dBA Contour

"" Occupied Residence

!A Turbine

!A Removed from Project Layout

#* MET Tower

Laydown Yard

O&M

Project Substation

Access Road

Collector Line

Crane Path

EXHIBIT A10-1

D D -D ~ BURNS ~ 
~ M~DONNELL.: 

 
015137



J BURNS ~ MS.DONNELL. 

EXHIBIT 

I NO-;) 

Sound Study 

, ... --.... , 
/' ', f. 

~ ( ,,,~-~-- . Prevailing Wind Parle 
I> 

Prevailing Wind Park, LLC 

Prevai ling Wind Park 
Project No. 105644 

Revision 6 
10/05/2018 

Page 1 of 34 

 
015138



 

 

Sound Study 
 
 

prepared for 
 
 

Prevailing Wind Park, LLC 
Prevailing Wind Park 

Bon Homme/Charles Mix/Hutchinson Counties, SD 
 
 

Project No. 105644 
 
 

Revision 6 
10/05/2018 

 
 

prepared by 
 
 

Burns & McDonnell Engineering Company, Inc. 
Kansas City, Missouri 

 
 

COPYRIGHT © 2018 BURNS & McDONNELL ENGINEERING COMPANY, INC. 

EXHIBIT A10-2

Page 2 of 34 
015139



Sound Study Rev ision 6 Table of Contents 

Prevailing Wind Park, LLC TOC-1 Burns & McDonnell 

TABLE OF CONTENTS 

Page No. 

1.0 EXECUTIVE SUMMARY ....................................................................................... 1-1 

2.0 ACOUSTICAL TERMINOLOGY ........................................................................... 2-1 

3.0 REGULATIONS...................................................................................................... 3-1 

4.0 AMBIENT SOUND SURVEY................................................................................. 4-1 

5.0 SOUND MODELING .............................................................................................. 5-1 
5.1 Wind Turbine and Transformer Sound Characteristics......................................5-1 
5.2 Model Inputs and Settings ...............................................................................5-2 

5.2.1 Project Layout ..................................................................................5-2 
5.2.2 Terrain and Vegetation ......................................................................5-2 
5.2.3 Sound Propagation and Directivity ....................................................5-2 
5.2.4 Atmospheric Conditions ....................................................................5-3 
5.2.5 Sound Emission Data ........................................................................5-3 

5.3 Acoustical Modeling Results ...........................................................................5-4 

6.0 CONCLUSION........................................................................................................ 6-1 

APPENDIX A - AMBIENT MEASUREMENT DATA 
APPENDIX B - SITE LAYOUT AND RECEIVER LOCATIONS 
APPENDIX C - MODELING RESULTS 
APPENDIX D - SOUND LEVEL CONTOURS 
 

EXHIBIT A10-2

Page 3 of 34 
015140



Sound Study Rev ision 6 Table of Contents 

Prevailing Wind Park, LLC TOC-2 Burns & McDonnell 

LIST OF TABLES 

Page No. 

Table 2-1: Typical Sound Pressure Levels Associated with Common Noise Sources................2-2 
Table 4-1: Ambient Measurements Data.................................................................................4-3 
Table 5-1: Wind Turbine Sound Power Levels........................................................................5-3 
 

EXHIBIT A10-2

Page 4 of 34 
015141



Sound Study Rev ision 6 Table of Contents 

Prevailing Wind Park, LLC TOC-3 Burns & McDonnell 

LIST OF FIGURES 

Page No. 

Figure 4-1: Measurement Point Locations ..............................................................................4-2 
 

 

EXHIBIT A10-2

Page 5 of 34 
015142



Sound Study Rev ision 6 Table of Contents 

Prevailing Wind Park, LLC TOC-4 Burns & McDonnell 

LIST OF ABBREVIATIONS 

Abbreviation Term/Phrase/Name 

ANSI American National Standards Institute 

Burns & McDonnell Burns & McDonnell Engineering Company, Inc. 

CadnaA Computer Aided Design for Noise Abatement 

dB Decibel 
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DISCLAIMERS 

This report may have been prepared under, and only be available to parties that have executed, a 
Confidentiality Agreement with Developer. Any party to whom the contents are revealed or may come 

into possession of this document is required to request of Developer if such Confidentiality Agreement 

exists. Any entity in possession of, or that reads or otherwise utilizes information herein, is assumed to 

have executed or otherwise be responsible and obligated to comply with the contents of such 
Confidentiality Agreement. Any entity in possession of this document shall hold and protect its contents, 

information, forecasts, and opinions contained herein in confidence and not share with others without 

prior written authorization from Developer. 

In preparation of this report, Burns & McDonnell has relied upon information provided by Developer and 

other third-party sources. While there is no reason to believe that the information provided is inaccurate 

or incomplete in any material respect, Burns & McDonnell has not independently verified such 

information and cannot guarantee or warranty its accuracy or completeness. 

Burns & McDonnell’s estimates, analyses, and recommendations contained in this report are based on 

professional experience, qualifications, and judgment. Burns & McDonnell has no control over weather; 

cost and availability of labor, material, and equipment; labor productivity; energy or commodity pricing; 
demand or usage; population demographics; market conditions; changes in technology; and other 

economic or political factors affecting such estimates, analyses, and recommendations. Therefore, Burns 

& McDonnell makes no guarantee or warranty (actual, expressed, or implied) that actual results will not 

vary, perhaps significantly, from the estimates, analyses, and recommendations contained herein. 

Burns & McDonnell has not been engaged to render legal services. The services Burns & McDonnell 

provides occasionally require the review of legal documents, statutes, cases, regulatory guides, and 

related matters. The opinions, analysis, and representations made in this report should not be construed to 

be legal advice or legal opinion concerning any document produced or reviewed. These documents and 
the decisions made in reliance of these documents may have serious legal consequences. Legal advice, 

opinion, and counsel must be sought from a competent and knowledgeable attorney. 

This report is for the sole use, possession, and benefit of Developer for the limited purpose as provided in 
the agreement between Developer and Burns & McDonnell. Any use or reliance on the contents, 

information, conclusions, or opinions expressed herein by any other party or for any other use is strictly 

prohibited and is at that party’s sole risk. Burns & McDonnell assumes no responsibility or liability for 

any unauthorized use.  
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REVISION HISTORY 

Rev Issue Date Release Notes 
0 03-Apr-2018 Original release 
1 09-Apr-2018 Revised wind turbine layout, incorporated client comments 
2 11-Apr-2018 Added REC-138 
3 16-Apr-2018 Revised wind turbine layout 
4 27-Apr-2018 Revised wind turbine layout 
5 14-May-2018 Incorporated client comments 

6 05-Oct-2018 Revised layout, added new receptors, updated hub height, removed Vestas 
turbine option 
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Sound Study Rev ision 6 Executive Summary 

Prevailing Wind Park, LLC 1-1 Burns & McDonnell 

1.0 EXECUTIVE SUMMARY 

Prevailing Wind Park, LLC (Developer) is proposing to construct the Prevailing Wind Park near Avon, 

South Dakota, in Bon Homme, Hutchinson, and Charles Mix Counties (Project). The Project will consist 
of 60 to 62 wind turbines with a maximum nameplate capacity of up to 219.6 megawatts (MW), although 

output at the point of interconnection will be limited to a maximum of 200 MW. A total of 62 wind 

turbine sites were analyzed for the General Electric (GE) 3.8-137 turbine model. This sound assessment 
was completed to determine if the Project can operate in compliance with the applicable sound 

regulations.  

Burns & McDonnell Engineering Company, Inc. (Burns & McDonnell) conducted an ambient sound 

survey and sound modeling study for the proposed Project. There were several objectives in this study, 
which included: 

• Identification of any applicable county, city, state, or federal noise ordinances and other 

applicable sound guidelines; 

• Measure ambient sound levels at noise-sensitive receivers; 

• Estimation of the operational sound levels from the hypothetical Project layout using the three-

dimensional sound modeling program Computer Aided Noise Abatement (CadnaA); and 

• Determination if the wind farm can operate in compliance with the identified applicable 
regulatory standards. 

There are no federal or state noise regulations that apply to this Project. Therefore, only local regulations 

would apply. Bon Homme County has adopted a zoning ordinance that pertains to large wind energy 
systems (LWES). The ordinance limits “noise levels produced by the LWES to 45 dBA, average A-

weighted sound pressure at the perimeter of occupied residences existing at the time the permit 

application is filed, unless a signed waiver or easement is obtained from the owner of the residence.” 

Charles Mix County is zoned at the township level and, because no turbines are sited in organized 
townships, there are no zoning requirements for the Project within Charles Mix County. Hutchinson 

County has no numeric noise ordinance. Therefore, the Bon Homme County ordinance sound level limit 

was used as the design goal for all areas of the Project. 

The wind turbines were modeled using manufacturer-specified sound power levels. Sound pressure levels 

were predicted at all identified receivers within and surrounding the Project area. There are no expected 

exceedances of the identified regulations due to operation of any of the proposed wind turbine locations 

of the Project.
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Sound Study Rev ision 6 Acoustical Terminology 

Prevailing Wind Park, LLC 2-1 Burns & McDonnell 

2.0 ACOUSTICAL TERMINOLOGY 

The term “sound level” is often used to describe two different sound characteristics: sound power and 

sound pressure. Every source that produces sound has a sound power level. The sound power level is the 
acoustical energy emitted by a sound source and is an absolute number that is not affected by the 

surrounding environment. The acoustical energy produced by a source propagates through media as 

pressure fluctuations. These pressure fluctuations, also called sound pressure, are what human ears hear 
and microphones measure.  

Sound is physically characterized by amplitude and frequency. The amplitude of sound is measured in 

decibels (dB) as the logarithmic ratio of a sound pressure to a reference sound pressure (20 microPascals). 

The reference sound pressure corresponds to the typical threshold of human hearing. To the average 
listener, a 3-dB change in a continuous broadband sound is generally considered “just barely perceptible”; 

a 5-dB change is generally considered “clearly noticeable”; and a 10-dB change is generally considered a 

doubling (or halving, if the sound is decreasing) of the apparent loudness. 

Sound waves can occur at many different wavelengths, also known as the frequency. Frequency is 

measured in hertz (Hz) and is the number of wave cycles per second that occur. The typical human ear 

can hear frequencies ranging from approximately 20 to 20,000 Hz. Normally, the human ear is most 

sensitive to sounds in the middle frequencies (1,000 to 8,000 Hz) and is less sensitive to sounds in the 
lower and higher frequencies. As such, the A-weighting scale was developed to simulate the frequency 

response of the human ear to sounds at typical environmental levels. The A-weighting scale emphasizes 

sounds in the middle frequencies and de-emphasizes sounds in the low and high frequencies. Any sound 
level to which the A-weighting scale has been applied is expressed in A-weighted decibels, or dBA. For 

reference, the A-weighted sound pressure level and subjective loudness associated with some common 

sound sources are listed in Table 2-1.  
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Sound Study Rev ision 6 Acoustical Terminology 

Prevailing Wind Park, LLC 2-2 Burns & McDonnell 

Table 2-1: Typical Sound Pressure Levels Associated with Common Noise Sources 

Sound 
Pressure 

Level 
(dBA)a 

Subjective 
Evaluation 

Environment 

Outdoor Indoor 

140 Deafening Jet aircraft at 75 feet -- 
130 Threshold of pain Jet aircraft during takeoff at a 

distance of 300 feet 
-- 

120 Threshold of feeling Elevated train Hard rock band 
110  Jet flyover at 1,000 feet Inside propeller plane 
100 Very loud Power mower, motorcycle at 25 

feet, auto horn at 10 feet, crowd 
noise at football game 

-- 

90 -- Propeller plane flyover at 1,000 
feet, noisy urban street 

Full symphony or band, food 
blender, noisy factory 

80 Moderately loud Diesel truck (40 mph)a at 50 feet Inside auto at high speed, 
garbage disposal 

70 Loud B-757 cabin during flight Close conversation, vacuum 
cleaner 

60 Moderate Air-conditioner condenser at 15 
feet, near highway traffic 

General office 

50 Quiet -- Private office 
40 -- Farm field with light breeze, 

birdcalls 
Soft stereo music in 
residence 

30 Very quiet Quiet residential neighborhood Bedroom, average residence 
(without TV and stereo) 

20 -- Rustling leaves Quiet theater, whisper 
10 Just audible -- Human breathing 
0 Threshold of hearing -- -- 

Source: Adapted from Architectural Acoustics, M. David Egan, 1988 and Architectural Graphic Standards, Ramsey 
and Sleeper, 1994. 
(a) dBA = A-weighted decibels; mph = miles per hour 

Sound metrics have been developed to quantify fluctuating environmental sound levels. These metrics 

include the exceedance sound level. The exceedance sound level, Lx, is the sound level exceeded during 
“x” percent of the sampling period and is also referred to as a statistical sound level. L90 levels are 

presented throughout this study. The L90 is a common Lx value and represents the sound level with 

minimal influence from short-term, loud transient sound sources. The L90 represents the sound level 
exceeded for 90 percent of the time period during which sound levels are measured. The L90 value is 

regarded as the most accurate tool for measuring relatively constant background noise and for minimizing 

the influence of isolated spikes in sound levels (i.e., barking dog, door slamming). 
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Sound Study Rev ision 6 Regulations 

Prevailing Wind Park, LLC 3-1 Burns & McDonnell 

3.0 REGULATIONS 

Federal, state, and county regulations were reviewed to determine the applicable overall sound level limits 

for the Project.  

The Noise Control Act of 1972 (the Act) (U.S.C. 4901) mandated a national policy “to promote an 

environment for all Americans free from noise that jeopardizes their health or welfare, to establish a 

means for effective coordination of Federal research activities in noise control, to authorize the 
establishment of Federal noise emission standards for products distributed in commerce, and to provide 

information to the public respecting the noise emission and noise reduction characteristics of such 

products.”  

As required by the Act, the EPA established criteria for protecting the public health and wellbeing. 
However, these criteria do not constitute enforceable federal regulations or standards. The EPA has since 

delegated regulatory authority to local entities. Therefore, there are no federal noise regulations that apply 

to this Project.  

Bon Homme County has adopted a zoning ordinance that pertains to large wind energy systems. The 

ordinance limits “noise levels produced by the LWES to 45 dBA, average A-weighted sound pressure at 

the perimeter of occupied residences existing at the time the permit application is filed, unless a signed 

waiver or easement is obtained from the owner of the residence.” Charles Mix County is zoned at the 

township level and, because no turbines are sited in organized townships, there are no zoning 

requirements for the Project within Charles Mix County. Hutchinson County has no numeric noise 

ordinance. Therefore, the design criteria for the Project is 45 dBA at occupied receptors, unless a signed 

waiver or easement is obtained from the owner of the residence. 
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Sound Study Rev ision 6 Ambient Sound Survey 

Prevailing Wind Park, LLC 4-1 Burns & McDonnell 

4.0 AMBIENT SOUND SURVEY 

Burns & McDonnell personnel conducted an ambient sound survey of surrounding Project areas on 

March 12 and 13, 2018. 

Measurements were taken using American National Standards Institute (ANSI) S1.4 type 1 sound level 

meters (Larson David Model 831). The sound level meters were calibrated at the beginning and end of 

each set of measurements. None of the calibration level changes exceeded ± 0.5 dB. Windscreens were 
used at all times on the microphone, and the meters were mounted on tripods. Certificates of calibration 

for the equipment used are available upon request. The microphones were located approximately 5 feet 

above ground level with the microphones directed towards the closest proposed wind turbine location and 

angled per the manufacturer’s recommendation. All measurements were taken when meteorological 
conditions were favorable for conducting ambient sound measurements, per ANSI standards (low wind, 

moderate temperatures, humidity, and no precipitation). 

Ambient far-field measurements were made at 16 locations, labeled measurement point (MP) MP1 
through MP16, as shown in Figure 4-1. The measurement points were selected because they were 

accessible and representative of existing ambient sound levels in the vicinity of noise-sensitive receivers. 

The far-field sound level measurements were 5 minutes in duration, and measured values were logged by 

the sound meter at each measurement point. The sound levels varied at each measurement point due to the 
extraneous sounds that occurred during the respective measurement. The overall A-weighted Leq and L90 

sound levels collected during the ambient far-field measurements are shown below in Table 4-1. Sound 

levels measured were in the range of 21.5 dBA to 45.0 dBA L90. 
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Sound Study Rev ision 6 Ambient Sound Survey 

Prevailing Wind Park, LLC 4-3 Burns & McDonnell 

Table 4-1: Ambient Measurements Data 

Measurement 
Location 

Sound Pressure Level (dBA) 

Ambient  

(5:00 PM on 03/12/18) 

Ambient  

(12:00 AM on 03/13/18) 

Ambient  

(10:00 AM on 03/13/18) 

Leq L90 Leq L90 Leq L90 

MP1 34.6 26.0 40.4 30.0 35.2 25.1 
MP2 36.5 29.6 35.7 28.6 39.0 30.2 
MP3 37.7 29.2 32.6 22.3 41.0 28.0 
MP4 39.6 29.1 33.7 24.3 35.0 28.9 
MP5 36.9 28.0 34.6 22.6 35.4 25.4 
MP6 47.9 33.4 34.7 26.3 40.0 31.8 
MP7 38.3 31.0 30.2 24.0 42.6 37.7 
MP8 34.8 28.4 28.6 22.7 47.7 27.9 
MP9 35.7 27.0 35.3 29.5 33.2 24.4 
MP10 37.4 30.6 39.4 35.2 35.0 27.1 
MP11 62.7 45.0 35.6 31.6 69.1 28.1 
MP12 39.5 32.6 37.1 21.5 40.6 29.4 
MP13 36.3 27.1 38.9 32.1 59.5 28.4 
MP14 35.7 28.8 34.1 27.4 35.1 28.9 
MP15 33.8 28.4 35.7 28.7 35.0 29.3 
MP16 49.8 36.9 39.0 29.8 35.0 28.8 

 

Extraneous sounds during the measurement periods included high speed traffic, birds, wind noise, and 
farm equipment. The measured sound levels and noise sources are presented in Appendix A. 
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Sound Study Rev ision 6 Sound Modeling 

Prevailing Wind Park, LLC 5-1 Burns & McDonnell 

5.0 SOUND MODELING 

5.1 Wind Turbine and Transformer Sound Characteristics 

The sound commonly associated with a wind turbine is described as a rhythmic “whoosh” caused by 
aerodynamic processes. This sound is created as air flow interacts with the surface of rotor blades. As air 

flows over the rotor blade, turbulent eddies form in the surface boundary layer and wake of the blade. 

These eddies are where most of the “whooshing” sound is formed. Additional sound is generated from 

vortex shedding produced by the tip of the rotor blade. Air flowing past the rotor tip creates alternating 
low-pressure vortices on the downstream side of the tip, causing sound generation to occur. Older wind 

turbines, built with rotors which operate downwind of the tower (downwind turbines), often have higher 

aerodynamic impulse sound levels. This is caused by the interaction between the aerodynamic lift created 
on the rotor blades and the turbulent wake vortices produced by the tower. Modern wind turbine rotors are 

mostly built to operate upwind of the tower (upwind turbines). Upwind wind turbines are not impacted by 

wake vortices generated by the tower and, therefore, overall sound levels can be as much as 10 dBA less. 

The rhythmic fluctuations of the overall sound level are less perceivable the farther one gets from the 
turbine. Additionally, multiple turbines operating at the same time will create the whooshing sound at 

different times. These non-synchronized sounds will blend together to create a more constant sound to an 

observer at most distances from the turbines. Another phenomenon that reduces perceivable noise from 
turbines is the wind itself. Higher wind speed produces noise in itself that tends to mask (or drown out) 

the sounds created by wind turbines. 

Advancement in wind turbine technology has reduced pure tonal emissions of modern wind turbines. 

Manufacturers have reduced distinct tonal sounds by reshaping turbine blades and adjusting the angle at 
which air contacts the blade. Pitching technology allows the angle of the blade to adjust when the 

maximum rotational speed is achieved, which allows the turbine to maintain a constant rotational 

velocity. Therefore, sound emission levels remain constant as the velocity remains the same.  

Wind turbines can create noise in other ways as well. Wind turbines have a nacelle where the mechanical 
portions of the turbine are housed. The current generation of wind turbines uses multiple techniques to 

reduce the noise from this portion of the turbine: vibration isolating mounts, special gears, and acoustic 

insulation. In general, all moving parts and the housing of the current generation wind turbines have been 
designed to minimize the noise they generate.  
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Sound Study Rev ision 6 Sound Modeling 

Prevailing Wind Park, LLC 5-2 Burns & McDonnell 

5.2 Model Inputs and Settings 

Predicted sound levels were modeled using industry-accepted sound modeling software. The program 

used to model the turbines was the CadnaA, Version 2018, published by DataKustik, Ltd., Munich, 
Germany. The CadnaA program is a scaled, three-dimensional program that accounts for air absorption, 

terrain, ground absorption, and ground reflection for each piece of noise-emitting equipment and predicts 

downwind sound pressure levels. The model calculates sound propagation based on International 
Organization for Standardization (ISO) 9613-2:1996, General Method of Calculation. ISO 9613, and 

therefore CadnaA, assesses the sound pressure levels based on the Octave Band Center Frequency range 

from 31.5 to 8,000 Hz. Compliance with the regulations for all turbines operating should equate to 

compliance for any combination of the turbines operating. 

5.2.1 Project Layout 

Prevailing Wind’s hypothetical layout contains 62 wind turbine sites, including alternatives. Predictive 

modeling was conducted to determine the impacts at the occupied residences shown in the Project layout 

figure included in Appendix B.  

5.2.2 Terrain and Vegetation 

Terrain and attenuation from ground absorption can have a significant impact on sound transmission. U.S. 

Geological Survey (USGS) Digital Elevation Model (DEM) contours were imported into the model to 

account for topographic variations around the Project. The contours were overlaid onto high resolution, 
digital orthoimagery obtained from the U.S. Department of Agriculture (USDA). The terrain around the 

proposed Project is mostly rural with few minor changes in elevation. The land is primarily used for 

agricultural purposes. As such, vegetation is mostly low-lying with some small areas of trees. Therefore, 

vegetation was excluded from the analysis to maintain conservativeness in the model. Ground attenuation 
is expected to be fairly high, due to the “soft ground” of the surrounding areas; however, a conservative 

value was used in the model.  

5.2.3 Sound Propagation and Directivity 

CadnaA calculates downwind sound propagation using ISO 9613 standards, which use omnidirectional 
downwind sound propagation and worst-case directivity factors. In other words, the model assumes that 

each turbine propagates its maximum sound level in all directions at all times. While this may seem to 

over-predict upwind sound levels, this approach has been validated by field measurements. Under most 
normal circumstances, wind turbine noise is not significantly directional, but tends to radiate uniformly in 

all directions.  
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Sound Study Rev ision 6 Sound Modeling 

Prevailing Wind Park, LLC 5-3 Burns & McDonnell 

5.2.4 Atmospheric Conditions 

Atmospheric conditions were based on program defaults. Layers in the atmosphere often form where 

temperature increases with height (temperature inversions). Sound waves can reflect off of the 
temperature inversion layer and return to the surface of the earth. This process can increase sound levels 

at the surface, especially if the height of the inversion begins near the surface of the earth. Temperature 

inversions tend to occur mainly at night when winds are light or calm, usually when wind turbines are not 
operating. CadnaA calculates the downwind sound in a manner which is favorable for propagation (worst-

case scenario) by assuming a well-developed moderate ground-based temperature inversion such as can 

occur at night. Therefore, predicted sound level results tend to be higher than would actually occur.  

The atmosphere does not flow smoothly and tends to have swirls and eddies, also known as turbulence. 
Turbulence is basically formed by two processes: thermal turbulence and mechanical turbulence. Thermal 

turbulence is caused by the interaction of heated air rapidly rising from the heated earth’s surface, with 

cooler air descending from the atmosphere. Mechanical turbulence is caused as moving air interacts with 
objects such as trees, buildings, and wind turbines. Turbulent eddies generated by wind turbines and other 

objects can cause sound waves to scatter, which in turn, provides sound attenuation between the wind 

turbine and the receiver. The acoustical model assumes laminar air flow, which minimizes sound 

attenuation that would occur in a realistic inhomogeneous atmosphere. This assumption also causes the 
predicted sound levels to be higher than would actually occur. 

5.2.5 Sound Emission Data 

Acoustical modeling was conducted for the entire Project. Wind turbine heights and acoustical emissions 

were input into the model. The expected worst-case sound power levels for the GE 3.8-137 turbines were 
contained in documents provided by GE and were based on various wind speeds. The sound emissions 

data supplied was developed using the International Electrotechnical Commission (IEC) 61400-11 

acoustic measurement standards. The expected sound power level and modeled heights for the turbines 

are displayed in Table 5-1. 

Table 5-1: Wind Turbine Sound Power Levels 

Turbine Height 

Sound Power Level (dBA) 

31.5 63 125 250 500 1000 2000 4000 8000 A-wt.a 

GE  
3.8-137 111.5 m 78.5 86.8 92.6 96.4 99.4 102.1 102.0 93.7 79.2 107.0 

(a) A-wt. = A-weighted decibels 
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Sound Study Rev ision 6 Sound Modeling 

Prevailing Wind Park, LLC 5-4 Burns & McDonnell 

A point source at the hub was used to model sound emissions from the wind turbines. This approach is 

appropriate for simulating wind turbine noise emissions due to the large distances between the turbines 
and the receivers as compared to the dimensions of the wind turbines. The corresponding sound levels 

from the table above were applied to every point source. 

Figure 4-1 shows the entire wind farm layout. Locations of receivers and wind turbines around the Project 

area were provided by the developer and are shown in Appendix B. Each receiver was assumed to have a 
height of 1.52 meters (5.0 feet) above ground level. Compliance with the regulation was assessed at the 

physical residence (each receiver).  

The following assumptions were made to maintain the inherent conservativeness of the model and to 
estimate the worst case modeled sound levels: 

• Attenuation was not included for sound propagation through wooded areas, existing barriers, and 

shielding 

• All turbines were assumed to be operating at maximum power output (and therefore, maximum 
sound levels) at all times to represent worst-case noise impacts from the wind farm as a whole 

5.3 Acoustical Modeling Results 

Sound pressure levels were predicted for the identified receivers in the CadnaA noise modeling software 

using the manufacturer-specified sound power levels at each frequency and the assumptions listed above. 
CadnaA modeling results have been demonstrated in previous studies to conservatively approximate real-

life measured noise from a source when extraneous noises are not present.  

As previously mentioned, decibels are a logarithmic ratio of a sound pressure to a reference sound 
pressure. Therefore, they must be logarithmically added to determine a cumulative impact (i.e., 

logarithmically adding 50 dBA and 50 dBA results in 53 dBA). Logarithmically adding each of the 

individual turbine’s impacts together at each receiver provides an overall Project impact at each receiver. 

The maximum model-predicted Leq sound pressure levels at each receiver (the logarithmic addition of 
sound levels from each frequency from every turbine) are included in Appendix C. These values represent 

only the noise emitted by the wind turbines and do not include any extraneous noises (traffic, etc.) that 

could be present during physical noise measurements. There are no expected exceedances of the 
identified regulations due to operation of any of the proposed wind turbine locations of the Project. 

Extraneous sounds (grain dryers, traffic, etc.) may make the overall sound level higher than 45.0 dBA in 

some circumstances, but the turbines alone are not expected to cause that to happen. 
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Sound Study Rev ision 6 Sound Modeling 

Prevailing Wind Park, LLC 5-5 Burns & McDonnell 

Appendix D contains graphical representation of the Project’s impact on the surrounding area for the GE 

turbines. The figure depicts the sound level propagation attributable to the new turbines. 
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Sound Study Rev ision 6 Conclusion 

Prevailing Wind Park, LLC 6-1 Burns & McDonnell 

6.0 CONCLUSION 

Burns & McDonnell conducted a predictive sound assessment study for the proposed Prevailing Wind 

Park. The study included identification of applicable sound regulations and predictive modeling to 
estimate Project-related sound levels in the surrounding community. 

Sound pressure levels were predicted at occupied receivers within and surrounding the Project area using 

manufacturer-specified sound power levels for each wind turbine. A number of conservative assumptions 
were applied to provide worst-case predicted sound pressure levels. Those results were then compared to 

the identified applicable regulations. There are no expected exceedances of the identified regulations due 

to operation of any of the proposed wind turbine locations of the Project. 
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Appendix A - Ambient Measurement Data
Prevailing Winds

Point Number LAeq LA90

03/12/18 - 5:00PM to 7:00PM

36°F, 60% hm, 31°F dp, 4-9mph , clear skies 

MP1 34.6 dBA 26.0 dBA

MP2 36.5 dBA 29.6 dBA

MP3 37.7 dBA 29.2 dBA

MP4 39.6 dBA 29.1 dBA

MP5 36.9 dBA 28.0 dBA

MP6 47.9 dBA 33.4 dBA

MP7 38.3 dBA 31.0 dBA

MP8 34.8 dBA 28.4 dBA

MP9 35.7 dBA 27.0 dBA

MP10 37.4 dBA 30.6 dBA

MP11 62.7 dBA 45.0 dBA

MP12 39.5 dBA 32.6 dBA

MP13 36.3 dBA 27.1 dBA

MP14 35.7 dBA 28.8 dBA

MP15 33.8 dBA 28.4 dBA

MP16 49.8 dBA 36.9 dBA

Meter1 Calibration before: 114.11 Meter2 Calibration before: 114.05

Meter1 Calibration after: 113.91 Meter2 Calibration after: 113.91

Distant traffic, light wind, existing wind farm not audible

Distant traffic, birds, light wind, fan noise from nearby business

Birds, light wind, distant traffic including large trucks, very distant airplane 

Birds, light wind, distant traffic

Highway traffic, birds

Highway traffic dominant, paused for local traffic

Highway traffic, birds

Birds, distant high speed traffic

Nearby high speed traffic (409th Street), birds

Distant high speed traffic, birds, horns

Birds dominant, two high speed car passbys

Birds, farm equipment, slight wind

Slight wind

Slight wind, distant high speed traffic

Slight wind, distant birds, distant high speed traffic, backup alarm

Birds dominant, slight wind

Notes

Page 1 of 3
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Appendix A - Ambient Measurement Data
Prevailing Winds

Point Number LAeq LA90 Notes

03/13/18 - 12:00AM to 2:00AM Meter2 Calibration before: 113.87

29°F, 74% hm, 21°F dp, 6-9 mph , clear skies

Meter1 Calibration before: 114.19 
Meter1 Calibration after: 113.83 Meter2 Calibration after: 114.20

MP1 40.4 dBA 30.0 dBA Wind turbines audible, light winds

MP2 35.7 dBA 28.6 dBA Wind turbines audible, light winds, sheep noise

MP3 32.6 dBA 22.3 dBA Very quiet, faint traffic

MP4 33.7 dBA 24.3 dBA Very quiet, faint traffic

MP5 34.6 dBA 22.6 dBA Distant traffic, large trucks, bull snort

MP6 34.7 dBA 26.3 dBA Traffic

MP7 30.2 dBA 24.0 dBA Traffic

MP8 28.6 dBA 22.7 dBA Distant high speed traffic

MP9 35.3 dBA 29.5 dBA Distant high speed traffic

MP10 39.4 dBA 35.2 dBA Slight wind

MP11 35.6 dBA 31.6 dBA Slight wind

MP12 37.1 dBA 21.5 dBA Distant high speed traffic

MP13 38.9 dBA 32.1 dBA Slight wind

MP14 34.1 dBA 27.4 dBA Slight wind

MP15 35.7 dBA 28.7 dBA Slight wind, distant high speed traffic

MP16 39.0 dBA 29.8 dBA Distant high speed traffic

Page 2 of 3
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Appendix A - Ambient Measurement Data
Prevailing Winds

Point Number LAeq LA90 Notes

03/13/18 - 10:00AM to 12:00PM

30°F, 62% hm, 19°F dp, 3-4 mph , clear skies

MP1 35.2 dBA 25.1 dBA

MP2 39.0 dBA 30.2 dBA

MP3 41.0 dBA 28.0 dBA

MP4 35.0 dBA 28.9 dBA

MP5 35.4 dBA 25.4 dBA

MP6 40.0 dBA 31.8 dBA

MP7 42.6 dBA 37.7 dBA

MP8 47.7 dBA 27.9 dBA

MP9 33.2 dBA 24.4 dBA

MP10 35.0 dBA 27.1 dBA

MP11 69.1 dBA 28.1 dBA

MP12 40.6 dBA 29.4 dBA

MP13 59.5 dBA 28.4 dBA

MP14 35.1 dBA 28.9 dBA

MP15 35.0 dBA 29.3 dBA

MP16 35.0 dBA 28.8 dBA

Meter1 Calibration before: 114.24 Meter2 Calibration before: 114.04 
Meter1 Calibration after: 113.82 Meter2 Calibration after: 113.97 
Distant traffic, distant plane, wind turbines barely audible

Birds, wind turbines barely audible, tractor distant loading/unloading Birds, 

distant traffic, wind

Birds, distant traffic, wind, distant airplane

Birds, wind, distant traffic

Birds, highway traffic

Birds, distant traffic, paused for local traffic

Owl, birds, distant high speed traffic, woman speaking (very end) Birds

Birds, dog barking, distant high speed traffic

High speed car passing

Farm equipment, cows

Birds, one car passing

Distant constant high speed traffic, birds

Birds, distant high speed traffic

Distant birds, distant high speed traffic

Page 3 of 3
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Project Layout
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Appendix C ‐ Modeling Results

All Turbines: GE 3.8‐137, 111.5 m hub height

Receiver Participating/Non‐Participating Easting (m) Northing (m) Base Elevation (m) Limit Value

REC‐001 Non‐participating 583178.93 4781949.36 473.94 24.7 45 N

REC‐002 Participating 578731.00 4782428.97 540.99 29.1 45 N

REC‐003 Non‐participating 580506.89 4783273.92 505.27 33.7 45 N

REC‐004 Non‐participating 582678.66 4780104.52 480.03 32.4 45 N

REC‐005 Non‐participating 583326.78 4778396.84 476.81 27.5 45 N

REC‐006 Non‐participating 583615.28 4778695.43 471.94 26.2 45 N

REC‐007 Non‐participating 579386.45 4783171.84 519.65 29.7 45 N

REC‐008 Non‐participating 579364.54 4780122.78 515.18 38.2 45 N

REC‐009 Non‐participating 582485.70 4779597.03 481.47 35.1 45 N

REC‐010 Non‐participating 570706.40 4779232.69 531.85 20.3 45 N

REC‐011 Non‐participating 568954.92 4779049.93 516.88 23.1 45 N

REC‐012 Non‐participating 575450.96 4778869.67 571.47 ‐ 45 N

REC‐013 Non‐participating 570834.43 4777923.92 539.22 27.4 45 N

REC‐014 Non‐participating 578568.31 4777265.47 526.35 38.1 45 N

REC‐015 Non‐participating 578578.94 4777228.45 526.13 38.3 45 N

REC‐016 Participating 569437.95 4774776.35 523.53 38.9 45 N

REC‐017 Non‐participating 567999.72 4773683.50 489.60 36.8 45 N

REC‐018 Participating 575893.85 4773069.05 525.25 32.6 45 N

REC‐019 Participating 568870.35 4772837.61 510.51 36.3 45 N

REC‐020 Non‐participating 568170.58 4772373.09 491.63 30.5 45 N

REC‐021 Participating 574122.73 4771641.66 507.46 34.8 45 N

REC‐022 Non‐participating 574117.98 4771913.43 508.31 34.5 45 N

REC‐023 Non‐participating 567115.19 4771132.04 470.89 ‐ 45 N

REC‐024 Non‐participating 569455.79 4770885.60 499.55 34.2 45 N

REC‐025 Participating 582409.59 4770691.28 486.10 26.3 45 N

REC‐026 Non‐participating 582205.90 4770538.43 489.18 27.7 45 N

REC‐027 Non‐participating 569450.78 4770122.57 499.25 32.0 45 N

REC‐028 Participating 578915.96 4770106.59 519.65 30.5 45 N

REC‐029 Non‐participating 567890.47 4769896.98 472.42 19.1 45 N

REC‐030 Non‐participating 574057.84 4769738.20 530.58 35.3 45 N

REC‐031 Non‐participating 571038.40 4769099.63 510.51 36.6 45 N

REC‐032 Participating 579594.58 4768433.69 507.46 40.2 45 N

REC‐033 Non‐participating 574388.42 4768112.11 502.26 28.9 45 N

REC‐034 Non‐participating 575856.91 4767968.51 509.35 34.0 45 N

REC‐035 Non‐participating 568988.11 4768088.17 487.50 27.6 45 N

REC‐036 Non‐participating 574139.54 4767903.27 507.06 28.0 45 N

REC‐037 Participating 580534.75 4767955.77 497.42 40.6 45 N

REC‐038 Non‐participating 569570.52 4767693.73 493.87 33.1 45 N

REC‐039 Non‐participating 575753.59 4767511.52 511.25 33.3 45 N

REC‐040 Non‐participating 575853.92 4767408.85 513.56 34.2 45 N

REC‐041 Participating 577365.54 4767429.45 496.85 41.4 45 N

REC‐042 Non‐participating 580534.93 4768649.62 501.93 40.0 45 N

REC‐043 Non‐participating 582314.18 4767105.01 476.98 30.8 45 N

REC‐044 Participating 577581.91 4766535.38 501.37 35.6 45 N

REC‐045 Participating 580459.53 4766528.35 495.27 37.9 45 N

REC‐046 Participating 570892.00 4766384.10 500.34 39.9 45 N

REC‐047 Non‐participating 576071.91 4766099.10 511.58 28.5 45 N

REC‐048 Non‐participating 575888.47 4765484.03 507.46 26.2 45 N

REC‐049 Non‐participating 579136.06 4765003.57 501.37 36.3 45 N

REC‐050 Participating 575594.26 4764877.78 513.56 22.9 45 N

REC‐051 Participating 577014.96 4764806.12 483.08 32.7 45 N

REC‐052 Non‐participating 571034.71 4764976.49 483.08 32.4 45 N

REC‐053 Non‐participating 575751.76 4763553.72 504.89 18.1 45 N

REC‐054 Non‐participating 579261.02 4763508.83 493.92 26.2 45 N

REC‐055 Non‐participating 575738.19 4763383.18 501.37 18.7 45 N

REC‐056 Non‐participating 578784.40 4763423.45 495.27 26.7 45 N

REC‐057 Non‐participating 575728.70 4763020.56 496.19 ‐ 45 N

REC‐058 Non‐participating 574689.98 4762905.51 489.18 ‐ 45 N

REC‐059 Non‐participating 574608.88 4762765.31 484.23 ‐ 45 N

REC‐060 Non‐participating 575719.36 4763758.78 507.46 19.6 45 N

REC‐061 Non‐participating 566590.17 4774005.26 470.89 25.5 45 N

REC‐062 Non‐participating 566794.52 4771446.01 467.84 ‐ 45 N

REC‐063 Non‐participating 567575.59 4773523.26 480.49 32.1 45 N

REC‐064 Non‐participating 568169.85 4775221.75 493.83 37.4 45 N

REC‐065 Non‐participating 568402.45 4770548.21 483.08 24.8 45 N

Coordinates Modeled 

LAeq  A
Exceed 45 dBA?

(Y/N)
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Appendix C ‐ Modeling Results

All Turbines: GE 3.8‐137, 111.5 m hub height

Receiver Participating/Non‐Participating Easting (m) Northing (m) Base Elevation (m) Limit Value
Coordinates Modeled 

LAeq  A
Exceed 45 dBA?

(Y/N)

REC‐066 Participating 569474.73 4776605.15 525.75 39.0 45 N

REC‐067 Non‐participating 569782.41 4765373.88 493.98 36.0 45 N

REC‐068 Non‐participating 570301.18 4776152.11 533.82 35.8 45 N

REC‐069 Non‐participating 570320.63 4776086.07 530.62 36.0 45 N

REC‐070 Non‐participating 570930.65 4767169.47 502.79 37.7 45 N

REC‐071 Non‐participating 571246.87 4765598.42 488.81 38.5 45 N

REC‐072 Participating 571847.73 4767001.23 507.46 41.7 45 N

REC‐073 Non‐participating 572712.41 4764371.30 476.98 25.2 45 N

REC‐074 Non‐participating 572760.45 4768609.65 494.96 35.3 45 N

REC‐075 Participating 572875.14 4775183.93 528.80 39.1 45 N

REC‐076 Non‐participating 573023.77 4775137.74 528.80 39.6 45 N

REC‐077 Non‐participating 573104.39 4767558.79 488.61 31.1 45 N

REC‐078 Non‐participating 572689.83 4764269.58 472.84 24.7 45 N

REC‐079 Participating 572840.24 4766532.05 483.08 35.8 45 N

REC‐080 Participating 574527.24 4771635.20 508.86 33.6 45 N

REC‐081 Participating 574606.23 4772084.46 513.56 33.9 45 N

REC‐082 Participating 575265.41 4775117.32 552.59 41.9 45 N

REC‐083 Participating 575384.42 4771695.61 513.56 33.8 45 N

REC‐084 Participating 575459.57 4773771.95 533.47 39.3 45 N

REC‐085 Participating 576210.31 4770611.18 524.57 35.1 45 N

REC‐086 Participating 576537.52 4765598.06 498.89 30.2 45 N

REC‐087 Participating 576971.43 4770447.24 531.85 40.6 45 N

REC‐088 Participating 577659.69 4765661.22 489.18 38.1 45 N

REC‐089 Participating 577747.37 4768859.92 513.80 40.5 45 N

REC‐090 Non‐participating 577878.24 4764078.53 490.80 32.8 45 N

REC‐091 Non‐participating 577915.85 4763844.06 489.18 30.5 45 N

REC‐092 Participating 578531.67 4767119.28 501.56 37.6 45 N

REC‐093 Participating 578575.67 4778618.52 525.75 36.7 45 N

REC‐094 Participating 578514.65 4776677.36 519.65 37.9 45 N

REC‐095 Non‐participating 578804.05 4764274.93 501.37 32.8 45 N

REC‐096 Non‐participating 578827.98 4768793.31 520.74 37.4 45 N

REC‐097 Non‐participating 578943.49 4770454.51 519.65 29.0 45 N

REC‐098 Non‐participating 579475.34 4767289.07 507.32 40.3 45 N

REC‐099 Participating 579720.64 4762441.83 480.38 ‐ 45 N

REC‐100 Non‐participating 580720.17 4765706.10 489.18 32.2 45 N

REC‐101 Non‐participating 580991.94 4762540.89 476.98 ‐ 45 N

REC‐102 Non‐participating 581560.41 4763175.20 470.14 ‐ 45 N

REC‐103 Participating 581721.12 4767420.32 484.05 35.9 45 N

REC‐104 Non‐participating 581794.35 4770381.50 494.21 30.1 45 N

REC‐105 Non‐participating 581890.50 4769063.10 495.27 40.1 45 N

REC‐106 Participating 581882.94 4766984.50 478.66 32.1 45 N

REC‐107 Non‐participating 582089.90 4770568.08 488.75 27.9 45 N

REC‐108 Participating 582148.44 4764102.27 470.89 ‐ 45 N

REC‐109 Non‐participating 582609.65 4767582.94 483.08 31.6 45 N

REC‐110 Non‐participating 583963.39 4770430.23 460.42 18.2 45 N

REC‐111 Non‐participating 582577.80 4767332.36 480.99 30.7 45 N

REC‐112 Non‐participating 570034.28 4777428.88 531.85 33.7 45 N

REC‐113 Participating 580225.65 4778670.25 516.61 41.3 45 N

REC‐114 Participating 580643.69 4779065.86 510.51 40.5 45 N

REC‐115 Participating 580812.98 4776797.89 507.54 39.5 45 N

REC‐116 Participating 581676.22 4775653.66 495.49 37.4 45 N

REC‐117 Participating 579367.75 4775404.23 525.75 36.8 45 N

REC‐118 Non‐participating 580095.28 4784336.60 507.46 25.3 45 N

REC‐119 Non‐participating 581867.73 4783246.46 489.52 29.7 45 N

REC‐120 Non‐participating 582410.57 4781467.20 486.13 30.9 45 N

REC‐121 Non‐participating 582256.16 4783054.99 483.20 28.4 45 N

REC‐122 Participating 582261.38 4777793.15 487.45 33.8 45 N

REC‐123 Non‐participating 581460.71 4785645.95 483.97 ‐ 45 N

REC‐124 Non‐participating 577505.30 4781336.06 557.16 19.3 45 N

REC‐125 Non‐participating 580995.88 4773976.31 501.99 29.4 45 N

REC‐126 Participating 580915.69 4774830.29 502.29 38.6 45 N

REC‐127 Participating 581473.61 4775075.61 495.27 37.0 45 N

REC‐128 Participating 581468.21 4774997.26 495.27 36.4 45 N

REC‐129 Non‐participating 576815.58 4779814.18 556.23 21.4 45 N

REC‐130 Non‐participating 567502.00 4781060.00 502.37 ‐ 45 N
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Appendix C ‐ Modeling Results

All Turbines: GE 3.8‐137, 111.5 m hub height

Receiver Participating/Non‐Participating Easting (m) Northing (m) Base Elevation (m) Limit Value
Coordinates Modeled 

LAeq  A
Exceed 45 dBA?

(Y/N)

REC‐131 Non‐participating 568850.00 4781446.00 523.04 ‐ 45 N

REC‐132 Non‐participating 570408.00 4783811.00 527.44 ‐ 45 N

REC‐133 Non‐participating 570806.00 4783497.00 538.25 ‐ 45 N

REC‐134 Non‐participating 570845.00 4782153.00 543.29 ‐ 45 N

REC‐135 Non‐participating 573665.00 4780153.00 564.37 ‐ 45 N

REC‐136 Non‐participating 579049.00 4772150.00 519.65 ‐ 45 N

REC‐137 Non‐participating 579104.00 4772978.00 519.65 17.9 45 N

REC‐138 Participating 573105.45 4772224.12 513.56 37.1 45 N

REC‐139 Non‐participating 569781.24 4772133.60 510.51 35.5 45 N

REC‐140 Cemetery 580689.30 4768952.27 507.46 43.2 45 N

REC‐141 Non‐participating 577129.69 4782270.05 574.52 ‐ 45 N

REC‐142 Non‐participating 584339.55 4769092.88 460.78 19.4 45 N

REC‐143 Non‐participating 582521.68 4766643.44 470.89 27.4 45 N

REC‐144 Non‐participating 582964.12 4764513.68 462.13 ‐ 45 N

REC‐145 Non‐participating 568186.44 4765929.46 457.18 26.7 45 N

REC‐146 Participating 576220.57 4771526.69 525.75 33.2 45 N

REC‐147 Participating 575778.28 4770360.98 519.65 37.2 45 N

REC‐148 Non‐participating 568806.39 4770128.32 487.99 27.0 45 N

REC‐149 Cemetery 567762.65 4773526.07 482.79 33.8 45 N

"‐" represents no expected impacts at the receiver location
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OF THE STATE OF SOUTH DAKOTA. 
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IN THE MATTER OF THE APPLICATION BY PREVAILING WIND PARK, LLC 

FOR A PERMIT FOR A WIND ENERGY FACILITY IN BON HOMME, CHARLES MIX, 

AND HUTCHINSON COUNTIES, SOUTH DAKOTA, FOR PREVAILING WIND 

PARK ENERGY FACILITY 

SD PUC DOCKET EL 18-026 
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Page 2 of 5

1 I, INTRODUCTION AND QUALIFICATIONS 

2 

3 Q. Please state your name, employer, and business address. 

4 A. My name is Daniel Pardo, and I work for DNV GL, with a business address of 333 

5 SW 5th Ave, Suite 400, Portland, Oregon 97204. I work at our office location with 

6 an address of 4100 rue Molson, suite 100, Montreal, H1Y 3N1, Canada. 

7 

8 Q. Briefly describe your educational and professional background. 

9 A. I have a Master of Science in Wind Energy from Danmarks Tekniske Universitet 

10 and a Bachelors of Engineering in Mechanical Engineering from the Universidad 

11 de Los Andes. I have 13 years of practical experience in renewables. In my 

12 current position, I provide technical advice on renewable energy projects to 

13 developers on topics such as feasibility studies, technology selection, and 

14 decommissioning assessments. A copy of my statement of qualifications is 

15 attached as Exhibit 1. 

16 

17 II. OVERVIEW 

18 

19 Q. Please describe your familiarity with the Prevailing Wind Park Project 

20 ("Project")? 

21 A. DNV GL prepared the Decommissioning Cost Analysis attached as Exhibit 2 to my 

22 testimony. 

23 

24 Q. What is the purpose of your Supplemental Direct Testimony? 

25 A. The purpose of my Supplemental Direct Testimony is to provide information 

26 regarding estimated decommissioning costs. 

27 

28 Q. What exhibits are attached to your Supplemental Direct Testimony? 

29 A. The following exhibits are attached to my Supplemental Direct Testimony: 

30 

31 

• 

• 

Exhibit 1: Statement of Qualifications. 

Exhibit 2: Decommissioning Cost Analysis. 

1 

 
015173



Exhibit A11

Page 3 of 5

32 

33 Ill. DECOMMISSIONING COST ESTIMATE 

34 

35 Q. Could you provide DNV GL's per turbine decommissioning cost estimate 

36 identified in the Decommissioning Cost Analysis, and explain the basis for 

37 that estimate? 

38 A. Yes. DNV GL's decommissioning cost analysis for the Project includes the 

39 disassembly, removal, and disposal of wind turbines and other associated Project 

40 infrastructure. The results are presented for two scenarios: one where partial 

41 resale of turbine major components occurs and another scenario where it does 

42 not. For the partial resale scenario, DNV GL estimates the decommissioning cost 

43 to be $13,790 per turbine. For the scenario without partial resale, the 

44 decommissioning cost is estimated to be $51,540 per turbine. 

45 

46 The DNV GL decommissioning cost analysis thoroughly explains the methodology 

47 for its decommissioning cost conclusions. Additionally, the results presented in 

48 DNV GL's cost analysis study use conservative assumptions. 

49 

50 Q. Could you discuss the accuracy of the decommissioning cost estimate 

51 provided in your report? 

52 A The report contains DNV GL's most accurate estimate based on our engineering 

53 judgement, market knowledge and Project-specific information. Our 

54 decommissioning cost analysis is based on conseivative assumptions. Further, 

55 DNV GL participates in the project financing for approximately 75 percent of all 

56 wind projects financed throughout North America. This extensive experience with 

57 financing of wind projects provides DNV GL with a comprehensive understanding 

58 of the processes and costs associated with construction, which are very similar to 

59 those involved in decommissioning. 

60 

2 
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Exhibit A11

Page 4 of 5

61 Q. Please explain the assumptions used in the cost analysis. 

62 A. As noted above, the results presented in DNV GL ·s cost analysis study use 
63 conservative assumptions. Some of these assumptions are: all access roads will 
64 be decommissioned, use of a conservative distance from the Project to 
65 recycling/salvage facilities, and a width of 16 feet for all access roads. For the 
66 partial resale scenario, conservative assumptions have also been made. These 
67 assumptions include: only major" components that are five years or younger can 
68 be sold (at a fraction of the original price), and medium-grade materials, such as 
69 small motors and medium-gauge cabling, would not be resold. Thus, DNV GL's 
70 analysis provides a conservative decommissioning cost estimate based on a 

71 specified and appropriate methodology. 

72 

73 Q. Could you explain the role of partial resale and salvage value in your per 
7 4 turbine decommissioning cost estimate for the Project? 

75 A. Yes. The study assumes that some of the major components can be sold after 
76 they have been decommissioned. The resale value of these components 
77 constitutes potential income that would offset the costs of decommissioning. The 
78 study also assumes that some material can be sold as scrap and, thus, the 
79 salvage value would also offset a portion of the decommissioning costs. 

80 

81 Q. For what point in time is the cost estimate calculated? In other words, when 
82 is it assumed that the decommissioning costs for the Project would be 
83 incurred relative to when the Project becomes operational? 

84 A. For the analysis, decommissioning is anticipated to start soon after the end of the 
85 Project's operating life (assumed to be 30 years for purposes of this study). 
86 However, the costs are calculated in 2018 dollars. 

87 

88 IV. CONCLUSION 

89 

90 Q. Does this conclude your Supplemental Direct Testimony? 

91 A. Yes. 
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Dated this 10th day of August, 2018. 

;J2§£t 
Daniel Pardo 
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EXECUTIVE SUMMARY

sPower Development Company, LLC (“sPower” or the “Sponsor”) retained DNV KEMA Renewables, Inc.
(“DNV GL”) to perform a decommissioning analysis for Prevailing Wind Park, LLC of the Prevailing Wind Park 
Energy Facility (the “Project”) to be located in Bon Homme, Charles Mix and Hutchison counties, South 
Dakota. The study estimates the costs associated with the dismantling, removal, and salvage or disposal of 
the Project equipment; all costs in this study are given in 2018 U.S. dollars and do not account for inflation.

The Project is spread across Bon Homme, Charles Mix and Hutchison counties, South Dakota, approximately 
38 miles northwest of the city of Yankton. sPower has indicated that the Project is intended to consist of 57
GE 3.8-137 wind turbine generators (WTG) with a total rated output of 216.6 MW; one project substation;
one Operations and Maintenance building; a 115 kV transmission line; and four met towers as well as 
associated infrastructure. The turbines will be mounted on 110 meter (m) tubular steel towers. The Project 
is anticipated to commence commercial operations in 2019. Per sPower’s request, it is assumed that 
decommissioning of the Project will take place 30 years after the start of commercial operations [1].

DNV GL assumes that there are strong parallels between wind power project construction and 
decommissioning programs and consequently bases the estimates for decommissioning costs on its broad 
experience of wind power project construction programs and the associated costs of labor, plant, and 
materials. The complete decommissioning cost is calculated as the sum of the cost of disassembly, removal, 
and disposal of the turbines and balance of plant (BOP), as may be offset by gains from salvage or resale of 
materials and components. It is noted that crane costs are the most dominant cost item in disassembly,
while transportation of the large turbine components dominates the costs of removal.

Assessments of salvage opportunities are based on the bill of quantities identified in this report. The average 
material weights and mass and volume ratios for turbine components are derived from previous DNV GL
studies, Sponsor documentation, and/or turbine supplier technical specification sheets. Although DNV GL
assumes certain commodity prices and disposal service rates based on present day estimates, it does not 
forecast such future values. The salvage value is calculated as the difference between the sum of parts 
resale and scrap revenue, less the landfill cost of the remaining material. Two salvage/disposal scenarios are 
presented: Scenario 1 considers that all equipment is sold as scrap, while Scenario 2 assumes partial resale 
of some of the Project’s major components. 

The net decommissioning value is determined from the difference of 1) the sum of the disassembly and 
removal cost and 2) the sum of the salvage value and resale. The estimated net decommissioning gain or 
cost for the Project assuming no resale (Scenario 1), and with partial resale of the Project’s major 
components (Scenario 2), are presented in Table ES-1 and Table ES-2 on the next page. Note: values in 
parenthesis are negative values representing positive returns to the Project.
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Table ES-1 Net decommissioning costs

Scenario 1
No Resale

Scenario 2
Partial Resale

Total per WTG $51,540 $13,790

Total for Project (57 WTGs) $2,938,000 $786,000

As it is considered to be the more likely option, a detailed breakdown of Scenario 2 is shown below.

Table ES-2 Project Net decommissioning cost with partial resale (Scenario 2)

Item Disassembly 
[$] (A)

Removal 
[$] (B)

Disposal
[$] (C)

Total Costs
[$]

(D=A+B+C)

Salvage/Resale
[$] (E)

Net 
[$] (D+E)

WTG 5,187,000 4,423,000 855,000 10,465,000 (11,462,000) (997,000)
Collection 
System 1,033,000 349,000 31,000 1,413,000 (1,324,000) 89,000

High voltage 
substation 261,000 73,000 14,000 348,000 (453,000) (105,000)

Transmission 
Line - - - - - -

Access roads & 
Crane Pads 550,000 619,000 34,000 1,203,000 (369,000) 834,000

Met Masts 37,000 6,000 1,400 44,400 (8,400) 36,000
Mobilization/Soft 
Costs 929,000 - - 929,000 - 929,000

Project Totals 7,997,000 5,470,000 935,400 14,402,400 (13,616,400) 786,000

Total per WTG [$] 13,790

Total Project (57 WTGs) [$] 786,000

Note: negative values, those in parenthesis, are positive returns to the Project.

It is stressed that this report is based on broad assumptions regarding the Project, including the approach to 
the decommissioning task and the market conditions for contracting costs, scrap value, and resale options. 
It is recommended that the estimated costs of decommissioning be reviewed closer to the end of the 
operating period (e.g., 2 to 4 years prior to the end of operations). At that time, it would also be prudent to 
take into consideration: 1) whether Project profitability and turbine conditions justify continued operation 
beyond the initially assumed Project operating life; and 2) whether a “re-powering” scenario, in which case 
the existing turbines would be removed in the interest of constructing a more valuable project with larger, 
more efficient turbines, may be feasible. In the first scenario, decommissioning costs could be paid for by 
allocations of Project revenues in future Project years, while in the latter scenario, any decommissioning 
costs could be transferred to the capital budget of the new project.
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INTRODUCTION

sPower Development Company, LLC (“sPower” or the “Sponsor”) retained DNV KEMA Renewables, Inc.
(“DNV GL”) to perform a decommissioning analysis for Prevailing Wind Park, LLC of the Prevailing Wind Park 
Energy Facility (the “Project”) to be located in Bon Homme, Charles Mix and Hutchison counties, South 
Dakota. The Project is intended to consist of 57 GE 3.8-137 WTGs on 110 m towers with a total rated output 
of 216.6 MW and associated infrastructure.

sPower has advised DNV GL that the required decommissioning tasks will include the removal of all towers, 
WTGs, substation, underground collection lines, ancillary equipment and other physical material owned by 
and pertaining exclusively to the Project, and restoration of the property, including the Project roads. 

This report makes the following key assumptions: 

Decommissioning will start soon after the end of the Project’s operating life (assumed to be 30 years 
for purposes of this study), and all decommissioning work is performed in generally conducive 
weather conditions; and
Decommissioning includes removal of WTGs, electrical cabling, electrical components, roads, and 
any other associated facilities down to 4 feet below grade from the natural surface of the property
except for collector cables as stated below.

Additionally:

- The WTG foundations will have only 4 feet of the pedestals and concrete transformer pads
removed and the remainder of the spread footing, which will be below this 4 feet grade, will be 
abandoned in place.

- sPower has advised DNV GL that the underground portion of the collection system,
approximately 64.8 miles of underground cabling, will be buried below 4 feet grade [1]. This 
report assumes that the cables will be removed during decommissioning.

- Approximately 16.9 miles of Project roads will be decommissioned. DNV GL considers this a 
conservative assumption as many land owners may find such roads a benefit to their land and 
request to keep them.

Crane pads are assumed to have been remediated during initial construction, but reseeding is 
assumed herein.
At the Sponsor’s request, no transmission line has been included in this assessment.

This report does not consider the time value of money; the results should therefore be adjusted to represent 
the inflated costs at the time of decommissioning (e.g., annual escalation). It should also be noted that 
commodity values are volatile and difficult to predict over the study horizon.

This report also does not consider the decommissioning scenarios from a legal or commercial perspective, 
which should be assessed by the Sponsor.
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1 STUDY ASSUMPTIONS 

DNV GL’s decommissioning study methodology assumes there are strong parallels between wind power 
project construction and decommissioning programs. DNV GL has used an internal bottom-up 
decommissioning model developed from its experience in the wind industry to formulate these study results. 

All costs are quoted in 2018 US dollars, and it should be noted that no specific quotes were obtained in 
relation to this study, although the Project’s location has been considered in the modeling. The study is 
broken down into three sections: disassembly, removal, and salvage/disposal. Due to the uncertainty 
associated with the majority of cost categories assumed and modeled, DNV GL has rounded costs to the 
nearest $1,000, unless otherwise noted.

1.1 General assumptions

DNV GL has assumed that, on average, one 700 or 800-ton tracked crane will dismantle one turbine every 
1.5 days (including time for crane movements from turbine to turbine and some minor weather delays). The 
Project layout provided by the Sponsor which included crane paths was analyzed for crane walking 
impediments to estimate crane teardown requirements. Two base cranes for lower tower sections, as well as 
to aid in loading the components onto transport trucks, will also be required. The number of main cranes 
used determines the approximate time to complete the job. While a detailed analysis in this regard was not 
performed, the Project was assumed to require the number of cranes and teardowns presented in Table 1-1.

1.1.1 Bon Homme County Requirements
DNV GL considered the Bon Homme County requirements for decommissioning [3], which were provided by 
sPower. The requirements relevant to this analysis include the following: 

(d) Decommissioning Requirements. Decommissioning and site restoration includes dismantling and 
removal of all towers, turbine generators, transformers, overhead and underground cables, 
foundations, buildings and ancillary equipment to a depth of forty-two (42) inches; and removal of 
surface road material and restoration of the roads and turbine sites to substantially the same 
physical condition that existed immediately before construction of the LWES. To the extent possible, 
the site must be restored and reclaimed to the topography and topsoil quality that existed just prior 
to the beginning of the construction of the commercial wind energy conversion facility or wind 
turbine. Disturbed earth must be graded and reseeded, unless the landowner requests in writing 
that the access roads or other land surface areas be retained.

According to sPower, there are no decommissioning requirements in Charles Mix or Hutchinson Counties. 

1.2 Initiation and mobilization

Before executing any decommissioning works, it is necessary to plan the work carefully, secure the 
appropriate permits and insurance, and manage the program of work and associated health and safety risks 
in order to ensure successful completion of the work. It is assumed that mobilization and soft costs are 
overhead. Soft costs, for the purposes of this study, include costs not specifically accounted for in the 
derivations presented later in this Report, including environmental studies, obtaining permits, environmental 
protection plans, hazardous material disposal, onsite administrative infrastructure and staff, utilities, off-site 
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project management and insurance/legal services. DNV GL assumed 5% of the total disassembly and 
removal cost will be required for soft costs. 

In addition to soft costs, DNV GL assumed that an additional 1% of the total disassembly and removal costs 
will be needed for contractor mobilization. DNV GL accounted for a lay-down yard of 48,311 m2 to house the 
office trailers, staff parking and facilities for mobilization and demobilization based on information provided 
by the Sponsor [1]. Table 1-1 summarizes the crane, mobilization, and soft cost assumptions used in this 
report, as well as the total cost estimate for such activities.

Table 1-1 Mobilization and soft cost assumptions

Item Quantity 

Number of main cranes needed (wheeled) 1

Number of main crane tear-downs needed 1

Number of base cranes needed 2

Number of base crane tear-downs needed 1

Decommissioning contractor's lay-down yard size [m2] 48,311

Additional mobilization as percent of total hard costs (1) 1%

Decommissioning soft costs as percent of total hard costs (2) 5%

Total Mobilization and Soft Costs $929,000

(1) Represents the costs of contractor’s mob./demob.
(2) For soft costs, it is assumed that decommissioning would be completed for the entire Project at once.

1.3 Schedule

It is assumed that the decommissioning program would be 17 to 20 weeks in length. This timeline is based 
on the assumption that the dismantling rate of the WTGs is approximately one turbine per 1.5 workdays per 
crane, and that 7 to 9 workdays of mobilization and demobilization are allowed before and after turbine 
dismantling. While disassembly could in theory be done with slightly less care than during assembly 
(damage to turbines is not as much of a concern), safety and resale considerations will likely dictate that 
disassembly be accomplished in much the same fashion as erection, although in reverse order. 

It is also assumed that other works across the site such as foundation removal, underground collection 
systems disassembly, substation disassembly and reclaiming of roads will be done simultaneously and/or in 
concert with the turbine dismantling and crane progress.
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2 DISASSEMBLY

The disassembly of the Project pertains to all work prior to physical transportation of the infrastructure from 
the site. In the case of the WTGs, it includes the dismantling and loading of the tower sections, nacelle, and 
blade scraps onto trucks for transport. In the case of concrete foundations and roads, it pertains to the tear 
down, aggregate stripping, excavation and backfilling, and all reclaiming as necessary. Reseeding of 
removed roads and turbine areas is included in these costs. 

Although certain activities must be sequenced appropriately, based on DNV GL’s knowledge of wind project 
construction considerations, it is assumed that many activities (e.g., turbine, collection system, and 
substation disassembly) may be undertaken in parallel, facilitating an efficient decommissioning process.

2.1 Turbines

Once the site is mobilized, it is assumed that the decommissioning of turbines would start immediately and 
sequentially. This typically entails the individual removal of the rotor assembly followed by the nacelle 
enclosure. The tower internals are stripped of lifts, cables, cabinets, lighting and other miscellanea and are 
then dismantled, section by section, down to the foundation surface.

For the Project, 57 turbines are to be removed, consisting of 3.8 MW nacelles, with five-section, 110-m steel 
towers, and 67.2-m blades. It is assumed that the scope of the disassembly works includes the cost of labor, 
machinery, and tools required to perform the tasks and the loading of the dismantled material onto 
transport vehicles for removal from site. The bigger crane would be required on site for approximately 12 to
15 weeks during the turbine dismantlement activities. The base crane may be required a slightly longer 
period in order to assist with transport loading activities and substation dismantling.

It is also assumed that aside from the possible removal of the drive train to aid lifting, the nacelle and its 
contents will remain fully intact for purposes of transport. All cooling, heating, and lubrication fluids will be 
drained, stored, and appropriately disposed of before the nacelle is removed from site. Blades, however, will 
be cut into sections for easier transport to a recycling or incineration plant.

The costs presented below include the cost of a wheeled crane to handle the hub/rotor, nacelle and top 
tower section (or top sections, depending on base crane hired). They also include the cost of a base crane 
for lower tower sections, as well as to aid in loading the components onto transport trucks. The costs take 
into consideration the rental of special tools needed from the manufacturer. 

sPower has advised that the site will be remediated to 4 feet below grade. It is assumed that approximately
29 m3 of crushed concrete will result from removing each turbine’s foundation pedestal to achieve this
criterion. Table 2-1 summarizes the turbine disassembly costs for Project.
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Table 2-1 Summary of turbine disassembly costs

Cost item Estimate per WTG ($)

Dismantle hub and blades (3 blades per turbine) 22,000

Dismantle nacelle (drive train and generator included) 22,000

Dismantle tower sections, internals included 36,000

Dismantle pad-mounted transformer 4,000

Remove turbine foundation (1) 7,000

Total per WTG 91,000

Total for Project (57 WTGs) 5,187,000
(1) 4 feet below grade. Does NOT consider concrete tower sections (which are not 
expected)

DNV GL notes that the disassembly costs of WTGs are highly dependent on crane costs (which include crane 
plus crane crew): over 80% of the total per-WTG cost is associated with crane-related costs. DNV GL
estimated this cost based on experience from various projects in North America. It is noted that crane 
availability may greatly influence crane costs, and that it is not possible to accurately predict crane costs 
given the long study horizon.

2.2 Collection system

The decommissioning of the collection system has been considered in this report, per the Bon Homme 
County requirements and as requested by the Customer. Due to the relatively high value of conductors, 
removal and resale of the underground cables may yield a positive return to the Project. sPower has 
requested DNV GL to calculate this potential revenue and include it in the net decommissioning cost 
calculations. Therefore, it was assumed that all underground cabling will be removed and trenches restored.

2.2.1 Underground Collection System
According to sPower, the Project collection system will be composed of 64.8 miles of three-phase buried 
lines along with bare copper grounding cable. Underground collection system disassembly includes trenching, 
winding triplex with ground wire, and reclamation. The conductors would subsequently need to be re-reeled 
for transport.

It is assumed that the scope of the disassembly includes the cost of labor and the loading of the dismantled 
material onto transport vehicles for removal from site. It is assumed that the disconnection work at the 
terminals would be performed as part of turbine removal or substation removal. The results are reported in 
Table 2-3 below.

2.2.2 Overhead Collection System
In accordance with the documentation provided by sPower, which indicates that no overhead collection lines 
are being utilized, DNV GL did not consider any overhead lines in this decommissioning analysis. 
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2.3 High-voltage substation

The Sponsor has advised that the Project will be equipped with one 34.5/115 kV, 225 MVA transformer
located at the project substation. The remaining portion of the Project high-voltage (HV) substation is 
assumed to include typical equipment seen in North American wind power project substations for projects of 
this size, including grounding transformers, bus bars, relay switches, circuit breakers, air disconnect 
switches, capacitor banks, reactor banks and a control building. It is assumed that a dead-end structure will 
also be present.

The interconnection switchyard for the Project has not been considered in the decommissioning analysis.

It is assumed that the scope of the disassembly work includes the cost of labor and machinery required to 
perform the disassembly tasks, including disconnection work at the terminals, and the loading of the 
dismantled material onto transport vehicles for removal from site. The following table summarizes the costs 
to disassemble the Project’s high voltage substations.

Table 2-2 Costs to disassemble Project substation

Item Estimate ($)

Preparation 8,000

Dismantle HV equipment 25,000

Dismantle and prep. main transformer for shipment (each) 17,000

Remove control/O&M building 115,000

Remove foundations 52,000

Large machinery hire 15,000

Small machinery hire 13,000

Reclaim and reseed 16,000

Total 261,000

2.4 Site access roads 

In practice, it is probable that most of the roads could remain after the completion of the Project, with the 
exception of the dead-end access roads that lead to the turbines. However, for purposes of the study, 
DNV GL has assumed that the entirety of the approximately 16.9 miles of roads will be remediated. Based 
on Sponsor information, DNV GL has additionally assumed that 57 crane pads will be reseeded during 
decommissioning, but that removal of concrete would have occurred during initial construction activities. The 
lay-down yard reclamation is accounted for in the mobilization/demobilization costs. Decommissioning of the 
site access roads will typically include stripping back the road surface and replacing it with topsoil in keeping 
with the surrounding environment. In the case of the Project, this activity also includes stripping and piling 
geotextile material used in the road base. The costs include reseeding with native grasses. A secondary 
reseeding may be required if the initial work proves inadequate. 
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The results are reported in Table 2-3 below. Note the cost of aggregate transport off site is captured in 
removal costs.

2.5 Meteorological masts

Four permanent 110-m meteorological (met) masts are to be installed at the Project. It is assumed that the 
met masts will be disassembled at an appropriate time during the decommissioning activities so as not to 
interfere with the other ongoing work. This typically involves the use of a base crane to dismantle the mast,
section by section, down to the foundation surface. The instrumentation and booms would be either 
removed before the sections are laid down, or removed from the sections once on the ground.

It is assumed that the scope of the disassembly works includes the cost of labor, machinery and tools to 
perform the dismantling tasks, including foundation removal to appropriate below grade level, and the 
loading of the dismantled material onto transport vehicles for removal from site. It is also assumed that only 
one crane is needed for removal. The results are reported in Table 2-3 below.

2.6 Disassembly conclusion

The total estimated cost for the disassembly of the Project is summarized in Table 2-3.

Table 2-3 Summary of Project disassembly costs

Cost item Estimate ($)

WTG 5,187,000

Collection system 1,033,000

HV substation 261,000

Transmission line -

Access roads 550,000

Met Masts 37,000

Mobilization & soft costs 929,000

Total Project Disassembly Cost 7,997,000
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3 REMOVAL FROM SITE

Removal of the Project in this study refers strictly to the transporting of the equipment from the site to the 
appropriate landfill, aggregate rework facility, or scrap yard. Various distances and truck sizes are applied in 
DNV GL’s decommissioning model, depending on which Project component is being considered. Removal 
costs also include the costs of unloading the material once it reaches its destination. DNV GL notes that 
appropriate landfills and scrap yards appear to be located in the general region of the Project.

3.1 Turbines 

It is assumed that the scope of the removal of the WTGs includes the cost of labor and vehicles required to 
transport the dismantled material to an appropriate disposal, salvage or rework facility. It is assumed that 
the transport distances for general waste would be within a radius of 80 miles, whereas the more complex 
and valuable material is assumed to be transported within a radius of 300 to 450 km (300 miles for the 
tower internals and 450 miles for the main turbine and substation components). These assumptions may be 
somewhat conservative considering there are a number of recycling or salvage facilities near the Project 
site1. DNV GL additionally notes the presence of rail transport in the relative vicinity which could decrease 
costs for removal of turbine components. While most of the main turbine components are modeled to be 
removed much as they were initially transported to the site during construction, the turbine blades will be 
sectioned to limit oversize transport.

Table 3-1 summarizes the costs for the removal of each of the turbine components from the site.

Table 3-1 Turbine removal costs

Turbine component Estimate ($)

Blades (cut up prior to loading) 5,000

Hub (one per truck) 10,000

Nacelle 10,000

Tower sections 50,000

Internals 1,000

Transformer 1,000

Crushed foundation (29 m3) 600

Total per WTG 77,600

Total for Project (57 WTGs) 4,423,000

1 DNV GL identified more than four in the Sioux Falls city area.
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3.2 Collection system

3.2.1 Underground collection system
It is assumed that the scope of the removal works includes the cost of labor and vehicles required to 
transport the dismantled material to an appropriate salvage facility. The material will mainly include the 
wound reels and/or cut cables removed by trucks. The results are reported in Table 3-3 below.

3.2.2 Overhead collection system
In accordance with the documentation provided by the Sponsor, DNV GL did not consider the removal of 
overhead lines in this decommissioning analysis. 

3.3 High-voltage substation

It is assumed that the transport distances for foundation rubble and general waste would be within a radius 
of 80 miles, whereas the more complex and valuable material is assumed to be transported within a radius 
of 300 to 450 km. It is assumed that local dump truck loads are 12 yd3 in capacity.

The following table summarizes removal costs for the Project substation. As previously mentioned, the 
interconnection switchyards have not been considered in the present study.

Table 3-2 Project substation removal costs

Substation component Estimate ($)

HV equipment 10,000

Main transformer(s) 10,000

Control/O&M building(s) 31,000

Dead-end structures 10,000

Crushed foundations (local transport) 8,000

Yard gravel (local transport) 4,000

Total removal costs for HV substation(s) 73,000

3.4 Site access roads 

For the purpose of removal calculations and at the Sponsor’s request, the Project’s 16.9 miles of roads to be 
removed were assumed to be 16 feet wide and approximately 1 foot deep and underlain by geotextile in line 
with industry best practice. While this width attempts to capture any shoulder material as well, the 
assumption that all roads to be removed are 16 feet wide is likely conservative with respect to the Project 
design and is expected to therefore cover the cost of decompaction and reclamation of any additional width 
required due to crane walking. Dump truck capacity is assumed to be 12 yd3 and all load trips are assumed 
to be local. The results are reported in Table 3-3.
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3.5 Meteorological masts

It is assumed that the scope of the removal works includes the cost of labor and vehicles required to 
transport the dismantled material from the four meteorological masts to an appropriate disposal, salvage or 
rework facility. The results are reported in Table 3-3 below.

3.6 Removal conclusions

Table 3-3 summarizes the total anticipated costs for removing the turbines, electrical collection system, 
substation, roadways, and met masts from the Project site.

Table 3-3 Project removal conclusions

Item Estimate ($)

WTG 4,423,000

Collection system 349,000

HV substation 73,000

Transmission line -

Access roads 619,000

Met Masts 6,000

Total Project removal cost 5,470,000
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4 SALVAGE – DISPOSAL

While it is impossible to predict the exact evolution of an industry 30 years into the future, it is not 
unreasonable to assume that there may exist by that time consolidated centers that will fully recycle a wind 
turbine given that many project “decommissionings” or “repowerings” will have been undertaken prior to 
that time. For example, DNV GL notes that significant attention is being placed by industry and academia 
alike into possible uses or methods for recycling wind turbine blades. 

DNV GL notes that in this section only, gains are shown as positive and costs to the Project are 
shown in parentheses

While it may become easier to recycle wind turbines in the future, DNV GL performed this study assuming 
only the application of present day means. Following the disassembly and removal of all materials from the 
Project site, four potential destinations for the remediated material are typically envisaged by DNV GL when 
performing decommissioning studies. These scenarios may add extra cost to the decommissioning budget or 
offer an opportunity to reclaim some value from the project components to offset the cost of 
decommissioning.

1. Low-grade material such as contaminated aggregate, concrete rubble, wood, non-recyclable 
materials and other mixed general waste will in all likelihood be sent to landfill or incineration at cost 
to the Project. DNV GL notes that there is a relatively large volume of waste associated with the 
glass reinforced plastic (GRP) which composes most turbine blades today. It is possible that in 30
years recycling blade GRP into cement fill, roofing shingles or other useful industrial raw materials 
may be a net positive for the Project, or at least an offset to the cost, but no such projections have 
been made in the present study. Thus, blade GRP has been considered waste in this plan.

2. Medium-grade materials such as small- and medium-gauge cabling, small motors, cabinets of mixed 
electronics, and lighting may be sent to salvage centers to be stripped for parts and sold for re-use 
or re-processing. This may be done at a nominal, neutral, or negative cost (positive return) to the 
Project. However, this material may also be sent to a landfill if an appropriate third party cannot be 
found. DNV GL notes that it is difficult to predict future returns of salvage for such materials due to 
the unpredictability of commodity prices.

3. High-grade materials such as large steel components (tower sections, bedplates, hub castings, 
gearboxes, and steel cables), large-gauge copper and aluminum cabling, aluminum flooring and 
ladders will be sent to reprocessing centers at a net neutral cost or positive return to the Project. 
DNV GL notes that it is difficult to predict future returns of reprocessing for such materials due to the 
unpredictability of commodity prices.

4. Reusable components that are deemed to be undamaged, functional and have not fulfilled their 
design life could be sold back to the manufacturer or its supply chain for a modest second-hand 
price for refurbishment. Some electrical infrastructure equipment as well as recently replaced turbine 
components could fall into this category.

Applying a conservative approach, DNV GL only considered items 1, 3, and 4 in this study. No resale gains 
were assumed for item 2; only scrap/disposal value were considered. Furthermore, item 4 was limited only 
to certain main components within a conservative age range.
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4.1 Pricing assumptions

The following salvage assessment is based on DNV GL’s decommissioning model which estimates bill of 
quantities, typical material weights, and mass and volume ratios for turbine components derived from the 
manufacturer’s technical specifications or from DNV GL experience. The DNV GL model uses commodity 
prices and disposal service rates as inputs.

For the Project’s decommissioning study, the following scrap commodity prices are assumed:

Steel and cast iron: $270/ton
Copper: $5,500/ton
Aluminum: $1,414/ton

Weights are in metric tons. It should be noted that the commodity price of metals is volatile and thus, 
assuming present day values will hold true is highly uncertain. The assumed prices are based on DNV GL’s 
analysis of USGS historical scrap metal cost statistics [4].

Because landfill costs are expected to keep rising, DNV GL used a different cost variable for the incineration, 
recycling, or disposal of GRP. Although it is possible that in 30 years technology will be available to extract 
the fibers from the epoxy laminate for high-grade industrial reuse at a net benefit, DNV GL assumed a net 
cost to incinerate or low-grade recycle the GRP as a separate cost to landfill. The following landfill costs are 
assumed:

GRP disposal (incineration or recycling): $100/m3

Class 2 landfill, Industrial/toxic waste: $75/m3

Class 3 landfill, General waste: $35/m3

4.2 Turbines

4.2.1 Salvage and disposal
There should be considerable opportunity to reclaim scrap value from the turbines from the copper in the 
low voltage cabling, transformer and generator; steel from the tower, hub, drive train and bedplate; and 
aluminum from the tower internals. The blades and nacelle housing are made from GRP and would have to 
be disposed of.

The following table summarizes the salvage revenues and disposal costs per turbine. Component weights 
have been estimated by DNV GL, and/or obtained directly from manufacturer’s documentation.
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Table 4-1 Turbine salvage and disposal values 
Component Estimate ($)

Blades (10,000)

Hub + blade steel 8,500

Nacelle/hub GRP (3,500)

Nacelle bedplate 17,000

Main shaft 2,000

Gearbox 7,000

Generator 24,000

Tower steel sections 76,000

Internals 18,000

Turbine transformer 12,500

Crushed foundation (1,000)

Net total per WTG 151,000

Net total for Project (57 WTGs) 8,607,000
Note: Negative values (those in parenthesis) are costs to the Project which represent disposal. Positive values 
are salvage-associated revenue.

4.2.2 Partial resale of major components
DNV GL considers that at the end of the Project’s assumed 30-year operating life, many of the components 
of the turbines will still be serviceable and have positive value in the secondary parts market. DNV GL
considers that the towers and nacelle shells would still be sold as scrap as well as the rest of the major 
components that were not resold.

While wind turbines are structurally designed to meet a fatigue life of 20 years plus some margin, DNV GL 
expects a significant number of failures during the Project’s operating life involving the major components 
such as gearboxes and generators. DNV GL continually tracks and models the various failure rates for each 
of the main components across all major wind turbine model types and has, for purposes of this study, 
modeled failure rate assumptions for the Project for the assumed 30-year life. DNV GL considers that a 
number of other considerations apply to the actual potential for the turbines to economically operate past 
their 20-year design life, but notes that such discussion is outside the scope of this report. 

It is assumed that other North American wind power projects with GE wind turbines (either owned by the 
Sponsor or not) will be arriving or will have arrived at their 20-year design life at the time of 
decommissioning of the Project, and some will have chosen to operate beyond it. Therefore, a secondary 
parts market may be assumed to exist that would demand some of the major components being 
decommissioned from the Project. Using a conservative approach and with the exception of the transformer, 
major components that are five years or younger (i.e., replaced or refurbished during operational years 25
through 30) are considered candidates for resale. Only the gearbox, generator, blades, pitch system, main 
yaw system, hydraulic unit, power converter, main bearing, and transformer are considered. The 
transformer is assumed to have a higher design life and so, half of the Project’s 57 turbine transformers are 
considered candidates for resale. 

Table 4-2 summarizes the turbine partial resale valuations estimated for the Project. The calculations 
account for the lost scrap opportunities.
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Table 4-2 WTG component resale valuations 

Component Qty. to 
Resale (1)

Assumed Resale 
Value [$] (2)

Scrap 
Loss [$] (3)

Gearbox 6 579,000 42,000

Generator 15 765,000 360,000

Blades 2 184,000 (20,000)

Pitch bearing 12 135,000 -

Power converter 21 200,000 -

Main bearing 9 288,000 -

Transformer 28 581,000 350,000

Gross Resale Total [$] 2,732,000

Minus Loss of Scrap [$] (732,000)

Net Resale Total [$] 2,000,000
(1) Component assumed to be resold based on DNV GL engineering judgment. 
(2) Represents aggregate resale value of all components eligible for resale.
(3) Partial resale of turbine components means scrap opportunities need to be 
subtracted from previous calculations; this is taken into account in this column, and 
therefore the net resale value of turbine components includes this loss of scrap.

4.3 Collection system

4.3.1 Underground collection system
The underground three-phase conductor and ground cabling reels from the Project will likely be sold for 
scrap. Based on Project information, DNV GL has estimated a total of approximately 194 miles of conductor 
(3 phases) along with 64.8 miles of bare copper ground wire. The salvage – disposal results are reported in 
Table 4-3 below.

4.3.2 Overhead collection system
In accordance with the documentation provided by the Sponsor, DNV GL did not consider the salvage value 
of overhead lines in this decommissioning analysis. 

4.4 High-voltage substation

There should be opportunity to reclaim metal scrap value from electrical equipment. Yard equipment such as 
bus work, circuit breakers, grounding transformers, and main transformers contain a significant amount of 
conductive material such as copper and aluminum. Dead-end and other steel structures contain a significant 
amount of steel. The substation yard also contains aggregate fill that would be sold. Rubble from the 
foundation demolition and all other materials would be sent to landfill at cost. The scrap value of the 
substation is presented in Table 4-3.

DNV GL considers that there is a resale market for the substation transformer. Therefore, the transformer 
could be sold as operational second-hand equipment instead of being scrapped. This scenario has been 
taken into account in Section 5.
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4.5 Site access roads 

For the purpose of removal and salvage calculations and at the Sponsor’s request, the Project’s 16.9 miles of 
roads to be removed were assumed to be 16 feet wide and 0.3 m (~1 foot) deep and underlain by geotextile, 
in line with Project drawings. 

The salvage – disposal results are presented in Table 4-3.

4.6 Meteorological masts

Although it is possible that the met masts could be dismantled, resold and reused at a different location, a 
30-year old mast has very limited reinstallation value. For the purpose of conservatism in this study, 
DNV GL assumes a dismantling and removal scenario with the intent of scrapping the met towers.

The salvage – disposal results are presented in Table 4-3 below.
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4.7 Salvage – disposal conclusions

The following table summarizes the opportunities from the salvage / disposal analysis. Please note that this 
table does not incorporate the turbine major component resale scenario presented in Table 4-2.

Table 4-3 Salvage/disposal value (without resale of turbine components)

Item Disposal ($) Salvage ($)

WTG (855,000) 9,462,000

Collection System (31,000) 1,324,000

HV Substation (14,000) 301,000

Transmission Line - -

Access Roads (34,000) 369,000

Met Masts (1,400) 8,400

Total Project Salvage Return (935,400) 11,464,400

Note: The value presented does not include the resale returns of turbine 
components; negative values, those in parenthesis, are costs to the Project.
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5 NET DECOMMISSIONING COST

The estimated net decommissioning cost for the Project is calculated by subtracting the total salvage value 
from the total of the disassembly and removal costs. This report presents two net decommissioning cost 
breakdowns: Scenario 1 assumes no resale of Project components, and Scenario 2 assumes the partial 
resale of major turbine components noted in Section 4.2.2 and the substation’s main power transformer. 

5.1 Net decommissioning cost – no resale

Table 5-1 summarizes the Project’s net decommissioning costs assuming no resale of any Project 
components other than for scrap value (Scenario 1).

Table 5-1 Project Net decommissioning costs – no resale (Scenario 1)

Item Disassembly 
[$] (A)

Removal 
[$] (B)

Disposal
[$] (C)

Total Costs
[$]

(D=A+B+C)

Salvage
[$] (E)

Net 
[$] (D+E)

WTG 5,187,000 4,423,000 855,000 10,465,000 (9,462,000) 1,003,000
Collection 
System 1,033,000 349,000 31,000 1,413,000 (1,324,000) 89,000

HV Substation 261,000 73,000 14,000 348,000 (301,000) 47,000
Transmission 
Line - - - - - -

Access Roads & 
Crane Pads 550,000 619,000 34,000 1,203,000 (369,000) 834,000

Met Masts 37,000 6,000 1,400 44,400 (8,400) 36,000
Mobilization/Soft 
Costs 929,000 - - 929,000 - 929,000

Project Totals 7,997,000 5,470,000 935,400 14,402,400 (11,464,400) 2,938,000

Total per WTG [$] 51,540

Total for Project (57 WTGs) [$] 2,938,000

Note: negative values, those in parenthesis, are positive returns to the Project.
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5.2 Net Decommissioning Cost – Partial Resale of Selected 
Components

Table 5-2 summarizes the Project’s net decommissioning costs for Scenario 2, which includes some plausible 
and conservative parts resale assumptions. 

Table 5-2 Project Net decommissioning costs – partial resale of selected components (Scenario 2)

Item Disassembly 
[$] (A)

Removal 
[$] (B)

Disposal
[$] (C)

Total Costs
[$]

(D=A+B+C)

Salvage/Resale
[$] (E)

Net 
[$] (D+E)

WTG 5,187,000 4,423,000 855,000 10,465,000 (11,462,000) (997,000)
Collection 
System 1,033,000 349,000 31,000 1,413,000 (1,324,000) 89,000

High voltage 
substation 261,000 73,000 14,000 348,000 (453,000) (105,000)

Transmission 
Line - - - - - -

Access roads & 
Crane Pads 550,000 619,000 34,000 1,203,000 (369,000) 834,000

Met Masts 37,000 6,000 1,400 44,400 (8,400) 36,000
Mobilization/Soft 
Costs 929,000 - - 929,000 - 929,000

Project Totals 7,997,000 5,470,000 935,400 14,402,400 (13,616,400) 786,000

Total per WTG [$] 13,790

Total Project (57 WTGs) [$] 786,000

Note: negative values, those in parenthesis, are positive returns to the Project.

5.3 Future recommendations

It is stressed that this report is based on broad assumptions regarding the Project including the approach to 
the decommissioning task, the market conditions for contracting costs, and scrap value and resale options. 
DNV GL recommends that the estimated costs of decommissioning be reviewed closer to the end of the 
operating period (e.g., 2 to 4 years prior to the end of operations) when better visibility on these factors 
would be possible. Also at this time, the value of decommissioning could be reviewed against potential 
extended operational revenue. At the same time it would also be prudent to consider a “re-powering” 
scenario, in which case the existing turbines would be removed in the interest of constructing a more 
valuable project with larger, more efficient turbines. Any cost to remove the old turbines would be incurred 
as construction costs of the new wind power project.
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APPENDIX A – CUSTOMER PROVIDED INPUTS

1000 Special requirements

1001
Decommissioning requirements applicable to the 
Project Bon Homme County Requirements

1100 Project Basics 

1101 Wind Power Plant Name Prevailing Wind Park Energy Facility

1102 Construction Status ntp 4th quarter 2018

1103 General Location South Dakota

1104 No. Wind Turbines 57

1105 Make and Model of Wind Turbine GE 3.8-137 3.8 MW

1106 Hub Height 110 m

1107 Project Capacity 216.6 MW

1108
Project Design Life (civil, turbine, electrical and 

financial) 30 years

1109 Decommissioning to Occur After Which Project Year 30

1110 No. of Substations to Remove 1

1111 No. of main project transformers 1

1112 No. of control/O&M buildings to Remove 1

1113 Length of Underground Collection System to Remove 104.3 km

1114 Length of Overhead Collection System to Remove 0

1115 Length of Transmission Line to Remove 0

1116 Length of Project Access Roads to Reclaim 27.1 km

1117 No. of Meteorological Towers to Remove 4

1118 Average Height of Met Towers 110 m

1119 Met tower type Self-support

1120 Depth of removal 4 feet

1200 Additional Information 

1201 COD date 2019

1202 Estimated Annual P50 Production Capacity Factor Confidential

1203 Main step-up transformer voltage 34.5kV/115kV

1204 Main step-up transformer rating 225 MVA

1205 No. of Transmission Line Steel Poles N/A

1206 No. of Transmission Line Wood Poles N/A

1207 Project Layout file name
Prevailing_Winds_LTE_v180425_For_DNV.km
z

1208 Number of tower sections per Wind Turbine 5

1209 Site plan (incl. Electrical layout)
Prevailing_Winds_LTE_v180425_For_DNV.km
z

1210 Construction schedule Not provided

1211
As built or issued for construction (IFC) drawings 

(civil & electrical) Not provided

1212 Contracts in place or existing quotes/price Not provided
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ABOUT DNV GL
Driven by our purpose of safeguarding life, property and the environment, DNV GL enables organizations to 
advance the safety and sustainability of their business. We provide classification, technical assurance, 
software and independent expert advisory services to the maritime, oil & gas and energy industries. We also 
provide certification services to customers across a wide range of industries. Combining leading technical 
and operational expertise, risk methodology and in-depth industry knowledge, we empower our customers’ 
decisions and actions with trust and confidence. We continuously invest in research and collaborative 
innovation to provide customers and society with operational and technological foresight. Operating in more 
than 100 countries, our professionals are dedicated to helping customers make the world safer, smarter and 
greener.
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I. INTRODUCTION AND QUALIFICATIONS 1 

 2 

Q. Please state your name, employer, and business address. 3 

A. My name is Bridget Canty.  I am employed at sPower Development Company, LLC 4 

(“sPower”) and my business address is 201 Mission Street, Suite 540 San 5 

Francisco, California. 6 

 7 

Q. Briefly describe your educational and professional background and duties. 8 

A. I have a Bachelor of Science degree in Biology and a Master of Science degree in 9 

Environmental Science and Resources.  I am a Certified Wildlife Biologist through 10 

The Wildlife Society.  I am a member of the National Wind Coordinating 11 

Collaborative, the Raptor Research Federation, the California Nevada Golden Eagle 12 

Working Group, and The Wildlife Society Renewable Energy Working Group. 13 

 14 

I am a permitting project manager responsible for siting and licensing utility-scale 15 

projects, with a focus in the renewable energy sector.  I manage the permitting for 16 

wind and solar projects and develop environmental study and permitting strategies 17 

for those projects.  I work with local, state, and federal regulators on project design 18 

and mitigation measures to ensure project success.  I also assist with environmental 19 

compliance throughout the construction and operation of projects. I am currently 20 

managing permitting for 400 megawatts of wind energy.  A copy of my resume is 21 

attached as Exhibit 1. 22 

 23 

Q. What is your role with respect to the Prevailing Wind Park Energy Facility 24 

(“Project”)? 25 

A. I am responsible for the Project’s compliance with local, state, and federal 26 

environmental regulations.  I have managed or authored the environmental chapters 27 

of the Facility Permit Application, reviewed environmental survey data for the 28 

Project, and assisted with layout modifications to avoid and minimize impacts to 29 

environmental resources.  30 

 31 
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II. PURPOSE OF TESTIMONY 32 

 33 

Q. What is the purpose of your Direct Testimony? 34 

A. The purpose of my Direct Testimony is to provide information concerning existing 35 

environmental conditions in the area of the proposed Project (“Project Area”), 36 

potential impacts of the Project on the existing environment, and how the Project will 37 

avoid, minimize, or mitigate potential impacts.  In addition, I describe the 38 

environmental survey work conducted on behalf of Prevailing Wind Park, LLC 39 

(“Prevailing Wind Park”) to analyze the Project Area, local permitting, as well as the 40 

associated federal and state agency correspondence and coordination.   I also 41 

discuss decommissioning.  42 

 43 

Q. What sections of the Application for a Facility Permit for the Project 44 

(“Application”) are you sponsoring? 45 

A. I am sponsoring the following sections of the Application: 46 

 Section 10.0:  Environmental Information 47 

 Section 11.0: Effect on Hydrology 48 

 Section 12.0: Effect on Hydrology 49 

 Section 13.0: Effect on Terrestrial Ecosystems 50 

 Section 14.0: Effect on Aquatic Ecosystems 51 

 Section 15.0: Land Use (with the exception of those subsections concerning 52 

sound, shadow flicker, and electromagnetic interference) 53 

 Section 16.0 Local Land Use Controls 54 

 Section 17.0: Water Quality 55 

 Section 18.0: Air Quality 56 

 Section 20.5: Cultural Resources 57 

 Section 22.0: Cumulative Effects 58 

 Section 24.0: Decommissioning of Wind Energy Facilities 59 

 Section 27.1:  Permits and Approvals 60 

 Section 27.2: Agency Coordination 61 

 Section 27.3: Public and Agency Comments 62 
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 Appendix B: Wildlife Report 63 

 Appendix C: Wetland Desktop Determination 64 

 Appendix D: Tiers 1 and 2 Wildlife Report 65 

 Appendix E: Raptor Nest Survey Report 66 

 Appendix F: Avian Use Surveys – Year One 67 

 Appendix G: Avian Use Surveys – Year Two 68 

 Appendix H: Bald Eagle Nest Monitoring 69 

 Appendix I: Northern Long-Eared Bat Acoustic Survey 70 

 Appendix J: Northern Long-Eared Bat Presence/Absence Survey 71 

 Appendix K: Whooping Crane Habitat Review 72 

 Appendix L: Bird and Bat Conservation Strategy  73 

 Appendix R: Cultural Resources Literature Search (Not for Public Disclosure) 74 

 Appendix S: Cultural Resources Desktop Review and Construction Grid (Not 75 

for Public Disclosure) 76 

 Appendix T: Agency Correspondence 77 

 78 

III. ENVIRONMENTAL SURVEYS/STUDIES 79 

 80 

Q. What was the overall approach to environmental analysis of the Project Area? 81 

A.  Prevailing Wind Park, and the prior project owner, Prevailing Winds, LLC, have 82 

conducted or authorized various environmental surveys and studies in and around 83 

the Project Area.  The purpose of these studies was to identify existing human and 84 

environmental resources within the Project Area and develop strategies to avoid, 85 

minimize and/or mitigate impacts to those resources.  The surveys and studies 86 

address numerous resources and have been conducted to comply with applicable 87 

regulations and guidelines, including the U.S. Fish and Wildlife Service (“USFWS”) 88 

Land-Based Wind Energy Guidelines, the USFWS Eagle Conservation Plan 89 

Guidance, and the South Dakota Siting Guidelines for Wind Projects.  Survey and 90 

study results have informed Project design efforts and have been used to develop 91 

avoidance, minimization, and/or mitigation strategies to be implemented in 92 

connection with Project construction and operations. 93 
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 94 

Q. Discuss the environmental surveys and/or studies conducted with respect to 95 

the Project. 96 

A. The environmental studies and field surveys conducted for the Project, the dates of 97 

those studies/surveys, and the status of each are provided in the table below (see 98 

also Sections 2.0, 11.0-15.0, and 18.0, 19.0, and 21.0 of the Application). 99 

Environmental Studies and Surveys for the Prevailing Wind Park Project 100 

Study Dates Status 

Tiers 1 and 2 Report June 2016 Complete 

Raptor Nest Survey April 2016 Complete 

Avian Use Surveys – Year One March 2015-February 

2016 

Complete 

Avian Use Surveys – Year Two May 2016-April 2017 Complete 

Whooping Crane Habitat Review August 2016 Complete 

Bald Eagle Nest Monitoring March-July 2015 

May-September 2016 

Complete 

Bird and Bat Conservation Strategy May 2018 Complete 

Northern Long-Eared Bat Acoustic Survey July-August 2015 Complete 

Northern Long-Eared Bat 

Presence/Absence Survey 

July-August 2016 Complete 

Rare Plant Habitat Assessment May-June 2018 In process 

Native Grassland Field Verification May-June 2018 In process 

Wetland Desktop Determination March 2018 Complete 

Wetland Field Delineation May-June 2018 In process 

Cultural Resources Literature Search April 2018 Complete 

Cultural Resources Desktop Review and 

Construction Grid 

April 2018 Complete 

Cultural Resources Archeological Survey June-July 2018 Pending 

Exhibit A12

Page 5 of 20 
015211



 

5 

Study Dates Status 

Historical/Architectural Survey June-July 2018 Pending 

Engineering Report on Effects to FCC-

Licensed RF Facilities 

April 2016 Complete 

Sound Study April 2018 Complete 

Shadow Flicker Analysis May 2018 Complete 

 101 

In addition to these environmental studies, a sound study (Appendix M) and shadow 102 

flicker analysis (Appendix N) were completed, and those analyses are discussed 103 

further in the Direct Testimony of Mr. Chris Howell and the Direct Testimony of Mr. 104 

Aaron Anderson, respectively.   105 

 106 

Q. How has Prevailing Wind Park incorporated the results of those surveys 107 

and/or studies into Project design? 108 

A. Results of the surveys influenced Project design.  For example, the results of the 109 

2015 northern long-eared bat acoustic monitoring prompted modification of the 110 

Project Area to move it further to the north and away from the Missouri River.  This 111 

shift in the Project Area was also intended to reduce risk to other species associated 112 

with woodland and riparian habitats.  In addition, the results of the wetland and 113 

cultural resources desktop reviews were used to identify areas for avoidance.  114 

 115 

Q. Is there any environmental study work yet to be completed for the Project? 116 

A. Yes.  Prevailing Wind Park must complete wetland and waterbody delineations, 117 

cultural resource surveys and a rare plant habitat assessment to finalize the micro-118 

siting of turbines.  The wetland and waterbody delineations and rare plant habitat 119 

assessment are in process.  Additionally, Prevailing Wind Park is in the process of 120 

field verifying areas of potential untilled grasslands identified during the 2018 121 

desktop analysis.  122 

 123 
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In addition, the Western Area Power Authority (“WAPA”) is preparing an 124 

Environmental Assessment (“EA”) for the Project interconnection in accordance with 125 

the applicable requirements and standards of the National Environmental Policy Act 126 

(“NEPA”).  The proposed interconnection of the Project to WAPA’s transmission 127 

system is a Federal action under NEPA.  In order to execute an interconnection 128 

agreement to connect the Project to WAPA’s existing Utica Junction Substation, 129 

WAPA must analyze the potential environmental impacts of the Project to determine 130 

whether the Project would result in significant environmental impacts under NEPA.  131 

The EA is currently being prepared, and Prevailing Wind Park anticipates that WAPA 132 

will approve a final EA and issue a Finding of No Significant Impact (“FONSI”) in 133 

Fourth Quarter 2018. 134 

 135 

Q. Does the remaining environmental study work need to be completed to 136 

determine whether the Project complies with State siting requirements? 137 

A. No.  The remaining study work is not anticipated to affect the environmental analysis 138 

set forth in the Application, or the conclusion that the Project will meet all applicable 139 

local, state, and federal permitting requirements.   140 

 141 

IV. ENVIRONMENTAL SITE ANALYSIS OVERVIEW 142 

 143 

Q. Could you please provide a general overview of the Project Area from a land 144 

use perspective? 145 

A. Land use within the Project Area is predominantly agricultural, consisting of a mix of 146 

cropland, hayland, pastureland, and rangeland.  There are 83 occupied residences 147 

within the Project Area.   148 

 149 

Q. What steps will Prevailing Wind Park take to avoid, minimize, and/or mitigate 150 

impacts to the existing land uses? 151 

A. As discussed in more detail in Section 15.0 of the Application, Project construction 152 

will result in conversion of only a small portion of the land within the Project Area 153 

from existing land uses into a renewable energy resource.  Landowners will be 154 
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compensated for losses to crop production during Project construction, and following 155 

completion of construction, areas disturbed due to construction that will not host 156 

permanent facilities will be re-vegetated with vegetation types matching the 157 

surrounding agricultural landscape.   158 

 159 

There will be no displacement of residences or businesses due to construction of 160 

Project facilities. 161 

 162 

Q. Could you describe the existing geological and soil resources, seismic risks, 163 

and subsidence potential in the Project Area? 164 

A. Discussions of existing geological and soil resources are provided in Sections 11.1 165 

and 11.2 of the Application, respectively.  The risk of seismic activity in the vicinity of 166 

the Project Area is low, and the risk for subsidence within the Project Area is 167 

considered negligible.   168 

 169 

Q. What steps will Prevailing Wind Park take to avoid, minimize, and/or mitigate 170 

potential impacts to geologic and soil resources? 171 

A. In general, it is not anticipated that impacts to geologic resources will occur.  With 172 

respect to soil resources, the minimum amount of vegetation required to develop the 173 

Project will be removed in the areas associated with proposed Project components.  174 

The Project layout has been designed to limit construction cut and fill work and limit 175 

construction in steep slope areas.  During Project construction, Prevailing Wind Park 176 

will also develop and implement a Storm Water Pollution Prevention Plan 177 

(“SWPPP”) in accordance with South Dakota Department of Environmental and 178 

Natural Resources storm water permitting requirements, which will include the 179 

implementation of best management practices (“BMPs”) to control storm water runoff 180 

and mitigate erosion and sedimentation.  These BMPs may include use of silt 181 

fences, straw wattles, erosion control blankets, temporary storm water sedimentation 182 

ponds, and re-vegetation.  Finally, Project facilities will be decommissioned after the 183 

end of the Project’s operating life.  In connection with Project decommissioning, 184 

surfaces will be graded, reseeded, and restored as nearly as possible to their 185 
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preconstruction conditions.  After decommissioning of the Project is complete, no 186 

irreversible changes to soil resources will remain. 187 

 188 

Q. Could you describe the hydrologic resources, including surface and 189 

underground resources, present within the Project Area? 190 

A. A discussion of hydrologic resources within the Project Area is provided in Section 191 

12.0 of the Application.  The following types of hydrologic resources were analyzed 192 

with respect to the Project: 193 

 Groundwater resources:  The groundwater system underlying the Project 194 

Area is nearly exclusively based on glacial outwash aquifers.  Glacial drift and 195 

alluvium aquifers in South Dakota vary in depth from 0 to 400 feet, with a 196 

range of yield from 3 to 50 gallons per minute. 197 

 Surface water resources:  The Project Area is located within the Missouri 198 

River Basin surface water drainage system and is associated with the 199 

Missouri-Big Sioux Sub-Region of the Missouri Region. The Project Area is in 200 

the Lewis and Clark Lake Sub-Basin.  Drainage generally flows from the 201 

northwest to the southeast within this Sub-Basin, and named streams include 202 

Dry Choteau Creek and Little Emanuel Creek. 203 

 National Park Service Nationwide Rivers Inventory:  There are no NRI-listed 204 

rivers within the Project Area.  The closest NRI segment is the James River, 205 

located approximately 16 miles east of the Project Area. 206 

 Impaired waters:  There are no impaired waterbodies within the Project Area; 207 

the nearest downstream 303(d)-listed waterbody is Emanuel Creek, located 208 

approximately 2 miles east of the Project Area.  Emanuel Creek is also in the 209 

Lewis and Clark Lake Sub-Basin. 210 

 Floodplains:  There are no Federal Emergency Management Agency 211 

(“FEMA”) mapped floodplains within the Project Area.  FEMA flood maps are 212 

available for Charles Mix and Hutchinson counties but have not been 213 

produced for Bon Homme County. 214 

 215 

Q. Are significant impacts anticipated to hydrologic resources? 216 
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A. Significant impacts to hydrologic resources are not anticipated.  Construction of 217 

Project facilities, particularly wind turbine foundations and collector line trenches, 218 

could require groundwater dewatering; however, dewatering is not anticipated to be 219 

a major concern within the Project Area because wind turbines are typically placed 220 

at higher elevations where the water table tends to be deeper.  Project facilities have 221 

been designed to avoid impacts on surface water resources to the extent 222 

practicable.  223 

 224 

Q. What measures will Prevailing Wind Park employ to avoid, minimize, and/or 225 

mitigate potential impacts to hydrologic resources? 226 

A. As I previously noted, Prevailing Wind Park will develop and implement a SWPPP, 227 

which will result in the implementation of BMPs to control storm water runoff and 228 

mitigate erosion and sedimentation in connection with Project construction activities.   229 

 230 

Q. Could you describe the wetlands present within the Project Area? 231 

A. Desktop wetland determination reviews conducted to date for the proposed Project 232 

have identified a total of 2,696 acres of known and potential wetlands in the Project 233 

Area. 234 

 235 

Q. Are significant impacts anticipated to wetland resources? 236 

A. Based on the Project’s desktop wetland determination, the Project could result in 237 

permanent impacts to two wetlands (0.004 acre and 0.0002 acre of impacts) and 238 

three intermittent streams (62.4 linear feet). These permanent impacts are a result of 239 

access road crossings of these wetlands and streams. I note that for the three 240 

stream crossings,  appropriately designed culverts or low water crossings would be 241 

placed to maintain the free flow of water. 242 

 243 

Q. What measures will Prevailing Wind Park employ to avoid, minimize, and/or 244 

mitigate potential impacts to wetland resources? 245 

A. Prevailing Wind Park will obtain coverage under a United States Army Corps of 246 

Engineers (“USACE”) Section 404 permit in connection with impacts to wetlands or 247 
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waterbodies under the jurisdiction of the USACE and will comply with applicable 248 

permit requirements. 249 

 250 

Q. Are aquatic ecosystems present in the Project Area and, if so, what measures 251 

will Prevailing Wind Park employ to avoid, minimize, and/or mitigate potential 252 

impacts? 253 

A. As I previously discussed, surface waters are present within the Project Area; 254 

however, state or federal listed species are not expected to use these areas, and 255 

Prevailing Wind Park will employ various BMPs to avoid, minimize, and/or mitigate 256 

any impacts to aquatic habitat.   257 

 258 

Q. Are any federally-listed species, federally-designated critical habitat, or state-259 

listed species present within the Project Area? 260 

A. There is the low potential for certain federally-listed wildlife species to occur within 261 

the Project Area, including interior least tern, whooping crane, piping plover, red 262 

knot, Topeka shiner, and the northern-long eared bat.  No designated critical habitat 263 

for federally-listed wildlife species is present within the Project Area.  With respect to 264 

state-listed wildlife species, there is limited potential for the northern river otter.  265 

There is no potential for the pallid sturgeon to occur in the Project Area.  266 

Additionally, there is potential for the western prairie fringed orchid, a plant species 267 

federally listed as threatened, to occur in the Project Area.  See Sections 13.0 and 268 

14.0 of the Application for additional detail. 269 

 270 

Q. Is the Project anticipated to impact federally-listed species, federally-271 

designated critical habitat, or state-listed species? 272 

A. No.  Project facilities have been sited to avoid, to the extent practicable, impacts to 273 

federally-listed and other special-status wildlife species.  Impacts to federal 274 

threatened and endangered wildlife species resulting from Project construction and 275 

operations are anticipated to be low due to the low likelihood and/or frequency of 276 

species presence in the Project Area and implementation of species-specific 277 
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conservation measures, consistent with the Upper Great Plains Wind Energy Final 278 

Programmatic Environmental Impact Statement (“PEIS”), as appropriate.   279 

 280 

With respect to the western prairie fringed orchid, no impacts are likely to occur, as 281 

this species is possibly extirpated from South Dakota.  However, Prevailing Wind 282 

Park is completing a habitat assessment, and if suitable habitat is identified, areas of 283 

ground disturbance will be surveyed during the orchid’s blooming period prior to 284 

construction.  If the species cannot be avoided, USFWS will be contacted for 285 

guidance.  286 

 287 

Q. Discuss the analysis conducted of eagle use of the Project Area. 288 

A. In April 2016, Prevailing Winds, LLC conducted an aerial raptor nest survey, 289 

including eagle nests.  Three occupied bald eagle nests were recorded during the 290 

April 2016 survey, all outside the Project Area.  A total of six bald eagle nests (three 291 

occupied; three unoccupied) were documented during the survey; all bald eagle 292 

nests observed were outside of the Project Area.  The nearest occupied bald eagle 293 

nest to the Project Area is located approximately 0.5 mile from the Project Area (see 294 

Figure 1 in the Eagle Nest Monitoring Report in Appendix H to the Application).  The 295 

same nest is located approximately 2 miles from the nearest proposed turbine. This 296 

nest was confirmed to be active in March 2018. 297 

 298 

Bald eagle nest monitoring surveys were conducted at the nearest active bald eagle 299 

nest (0.5 mile from the Project Area) in 2015 and 2016 in accordance with agency 300 

recommendations to document flight paths and use within the vicinity of an active 301 

bald eagle nest identified during aerial raptor nest surveys conducted for the Project.  302 

The nest is located east of the Project (see Figure 1 in the Eagle Nest Monitoring 303 

Report in Appendix H to the Application).  In 2015, 27 bald eagle observations were 304 

recorded  during the 12 hours of surveys (see Table 1 in Appendix H to the 305 

Application); individual eagles, both adults and young-of-year birds, were observed 306 

multiple times.  Of the bald eagles observed, most were perched on or near the nest.  307 

Bald eagles were observed flying for only 11 minutes.  In 2016, 11 bald eagle 308 
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observations were documented during the 10 hours of surveys (see Table 1 in 309 

Appendix H to the Application).  As in 2015, individual bald eagles, both adults and 310 

young-of-year birds, were observed multiple times.  Bald eagles were observed 311 

flying for a total of 10 minutes 2016.  312 

 313 

Golden eagles have not been documented in the Project Area. There was one 314 

unidentified eagle was observed in 2016. 315 

 316 

Q. Is the Project anticipated to impact bald and golden eagles? 317 

A. The survey results indicate low use of the Project Area by bald eagles and likely no 318 

use by golden eagles.  Potential impacts during operations will be avoided, 319 

minimized, and/or mitigated, if necessary, as described in the Bird and Bat 320 

Conservation Strategy (“BBCS”), included as Appendix L to the Application.  321 

 322 

Q. Is the Project anticipated to impact other wildlife species? 323 

A. During Project construction activities, disruption of habitat could occur, thus, 324 

impacting other species of wildlife.  Permanent habitat loss will be minimal and 325 

localized.  Following construction, terrestrial wildlife species are expected to 326 

habituate to routine facility operation and maintenance activities in a manner similar 327 

to relationships with existing farming operations.   328 

 329 

With respect to wildlife species impacts, bird and bat species are typically the 330 

primary concern associated with wind energy facility construction and operation.  331 

The Project is likely to directly impact birds and bats.  However, the Project has been 332 

sited in an area and designed in a manner to avoid and minimize impacts to birds 333 

and bats.  For example, as discussed above, the Project Area has been modified to 334 

move it further to the north and away from the forested riparian habitat along the 335 

Missouri River.  Therefore, it is expected that impacts to birds and bats will be within 336 

acceptable levels.   337 

 338 
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Q. What measures will Prevailing Wind Park implement to avoid, minimize, or 339 

mitigate impacts to other wildlife species? 340 

A. Prevailing Wind Park will implement all applicable avoidance, minimization, and 341 

mitigation measures set forth in the PEIS, prepared jointly by WAPA and the 342 

USFWS.  As part of WAPA’s EA process, which I discuss further below, Prevailing 343 

Wind Park is coordinating with WAPA and the USFWS to identify additional 344 

mitigation measures that will be implemented for the Project as a condition of EA 345 

approval. 346 

 347 

With respect to bird and bat species, Prevailing Wind Park has prepared a BBCS 348 

(see Appendix L to the Application) in accordance with the USFWS Land-Based 349 

Wind Energy Guidelines.  The BBCS will be implemented to minimize impacts to 350 

avian and bat species during construction and operation of the Project.  See Section 351 

13.4 and Appendix L of the Application for a complete discussion of Prevailing Wind 352 

Park’s avoidance, minimization and mitigation strategies. 353 

 354 

Q. Is the Project anticipated to impact existing water or air quality? 355 

A. No, as discussed in Sections 17.0 and 18.0 of the Application, the Project is not 356 

anticipated to have significant impacts to water or air quality.   357 

 358 

Q. With respect to cultural resources, what steps has Prevailing Wind Park taken 359 

to identify cultural resources within the Project Area? 360 

A. In April 2018, Prevailing Wind Park conducted a Level I Cultural Resources Records 361 

Search for the Project Area and a 1-mile buffer (“Study Area”).  Data was collected 362 

from the South Dakota Archaeological Research Center (“SDARC”), including data 363 

regarding previously recorded archaeological sites and surveys, bridges, 364 

cemeteries, structures, and miscellaneous cultural features within the Study Area.  365 

The Level I Cultural Resources Records Search identified 11 previously documented 366 

archaeological sites, 27 previously inventoried architectural structures, and 20 367 

previously inventoried bridges within the Study Area.  This information was used to 368 

develop a construction guidance grid, which Prevailing Wind Park has used to site 369 
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Project facilities in areas that have a lower likelihood for containing intact cultural 370 

resources.  Prevailing Wind Project has not sited any Project facilities, including 371 

temporary disturbance areas, in areas identified as “Areas of Caution” on the 372 

construction grid.   373 

 374 

Beginning in June 2018, Prevailing Wind Park will conduct a Level III Archaeological 375 

Survey for all areas of temporary and permanent disturbance in the Project 376 

Area.  These areas may include, but are not limited to, the proposed turbine 377 

locations, substation, temporary work areas, staging areas, access roads, crane 378 

paths, met towers and cable routes.   379 

 380 

In addition to a Level III Archaeological Survey, Prevailing Wind Park will conduct a 381 

Historic Architectural Resources Reconnaissance Survey using a 2-mile area of 382 

potential effect that will cover both direct and indirect effects. The architectural 383 

survey and Historic Architectural Resources Reconnaissance Survey will focus on 384 

identifying and evaluating historic-era structures eligibility for listing in the National 385 

Register of Historic Places (“NRHP”).  386 

 387 

Q. Discuss the South Dakota State Historical Society’s (“SHPO’s”) involvement in 388 

establishing the cultural and architectural resource survey protocols 389 

employed for the Project. 390 

A. All cultural and architectural resource survey work conducted by Prevailing Wind 391 

Park will be conducted in accordance with the South Dakota Guidelines for 392 

Compliance with the Historic Preservation Act and South Dakota Codified Law 1-393 

19A-11.1   394 

 395 

As part of the NEPA process for approval of the WAPA interconnection, the Project 396 

will require compliance with Section 106 of the National Historic Preservation Act of 397 

1966, as amended.  As such, Prevailing Wind Park is coordinating with WAPA to 398 

determine the most appropriate inventory strategy for the Project.  WAPA is 399 
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consulting with SHPO and interested tribes as part of the Section 106 compliance 400 

process. 401 

 402 

Q. What steps will Prevailing Wind Park take to avoid, minimize, and/or mitigate 403 

impacts to cultural and tribal resources? 404 

A. For cultural resources identified during the surveys, a recommendation of NRHP-405 

eligibility of the resource will be made.  Sites determined to be NRHP-eligible will be 406 

avoided by the Project to the extent practicable.  If avoidance is not practicable, 407 

Prevailing Wind Park will work with WAPA and SHPO to develop appropriate 408 

minimization or mitigation measures. 409 

 410 

V. NEPA Process  411 

 412 

Q. Why is the Project subject to review under NEPA? 413 

A. As I previously discussed, the proposed interconnection of the Project to WAPA’s 414 

transmission system is a Federal action under NEPA. In order to execute an 415 

interconnection agreement to connect the Project to WAPA’s existing Utica Junction 416 

Substation, WAPA must analyze the potential environmental impacts of the Project 417 

to determine whether the Project would result in significant environmental impacts 418 

under NEPA. While WAPA must analyze impacts of the entire Project, WAPA’s 419 

Federal action is limited to the approval of the interconnection. 420 

 421 

Q. Please describe the NEPA environmental review process for the Project, and 422 

its current status.  423 

A. WAPA is preparing EA for the Project interconnection in accordance with applicable 424 

NEPA requirements.  The EA will tier off the analysis conducted in the PEIS, 425 

prepared jointly by WAPA and the USFWS. The PEIS assesses environmental 426 

impacts associated with wind energy development and identifies management 427 

practices to address impacts.  The EA for the Project will focus on site-specific 428 

issues that are not already addressed in sufficient detail in the PEIS.  The EA is 429 
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currently being prepared, and Prevailing Wind Park anticipates that WAPA will 430 

approve a final EA and issue a FONSI in Fourth Quarter 2018.  431 

 432 

VI. LOCAL PERMITTING 433 

 434 

Q. Has the Project obtained the land use approvals and building permits  435 

required for the Project from Bon Homme, Charles Mix, and Hutchinson 436 

counties? 437 

A. No, not at this time.  Prevailing Wind Park is coordinating with Bon Homme, Charles 438 

Mix, and Hutchinson counties and, as discussed above, has applied applicable 439 

county setbacks in designing the current Project configuration.  Prevailing Wind Park 440 

intends to file an application for a Large Wind Energy System Permit with Bon 441 

Homme County and for a conditional use permit in Hutchinson County this summer.  442 

Building permits will be obtained from each county prior to commencing Project 443 

construction activities for which the permit is required.  444 

 445 

VII. AGENCY COORDINATION 446 

 447 

Q. Please discuss Prevailing Wind Park’s agency coordination efforts. 448 

A. As discussed in Section 27.2 of the Application, Prevailing Wind Park has 449 

coordinated with various federal, state, and local agencies to identify concerns 450 

regarding the Project.  Numerous meetings and discussions have been held with the 451 

USFWS and South Dakota Game, Fish, and Parks (“SDGFP”) regarding avoidance, 452 

minimization, and mitigation of potential impacts to wildlife and associated habitat.  453 

Prevailing Wind Park anticipates that Project discussions with both agencies will 454 

continue, both directly and in connection with WAPA’s preparation of an EA for the 455 

Project interconnection in accordance with NEPA.   456 

 457 

Q. Discuss any comments provided by state and federal agencies regarding the 458 

Project and how Prevailing Wind Park has addressed, or will address, those 459 

comments. 460 
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A. The following agencies and local governments have provided comments concerning 461 

the Project:  USFWS; SDGFP; SHPO; Bon Homme County; Charles Mix County; 462 

and Hutchinson County.  As discussed in more detail in Section 27.2 of the 463 

Application, Prevailing Wind Park has considered these comments, and where 464 

applicable, they have been incorporated into Project design.   465 

 466 

Q. Is the Project compatible with existing land uses and future development in 467 

and around the Project Area? 468 

A. Yes, the proposed Project is compatible with the existing agricultural land uses in the 469 

Project Area. Over 60 percent of the Project Area consists of cropland.  The 470 

proposed wind farm is compatible with crop use as agricultural uses will continue 471 

within the Project Area during construction and operation of the Project.   The 472 

Project is not anticipated to interfere with any current or future land use in the Project 473 

Area.  474 

 475 

VIII. PERMITS AND APPROVALS 476 

 477 

Q. In addition to an Energy Facility Permit, what other permits are required for the 478 

Project? 479 

A. In addition to an Energy Facility Site Permit from the South Dakota Public Utilities 480 

Commission, various federal, state, and local approvals may be required for the 481 

Project.  Table 27-1 in the Application identifies potential permits or approvals 482 

required for construction and operation of the Project.  Table 27-1 also identifies the 483 

status of each permit/approval. 484 

 485 

Q. Will Prevailing Wind Park obtain all local, state, and federal permits required 486 

for the Project? 487 

A. Yes.  Prevailing Wind Park or its contractor will obtain all permits and licenses 488 

required for the Project. 489 

 490 

 491 
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IX. DECOMMISSIONING AND SITE RESTORATION 492 

 493 

Q. What is the estimated life of the Project? 494 

A. The anticipated life of the Project is approximately 30 years from the date of 495 

commencement of commercial operation. 496 

 497 

Q. Will the Project be decommissioned at the end of its useful life? 498 

A. Once the facilities constructed have reached the end of their useful life, it may be 499 

determined that it is appropriate to retrofit or otherwise upgrade the Project facilities 500 

and continue operations.  If retrofitting or upgrading is not done, then the Project will 501 

be decommissioned.  502 

 503 

Q. If the Project is decommissioned, will the Project comply with all applicable 504 

state and local requirements for structure removal and site restoration? 505 

A. Yes.  Decommissioning will comply with applicable state and local requirements, 506 

including the requirements of Bon Homme County, as described in greater detail in 507 

Section 24.0 of the Application.   508 

 509 

Q. Has Prevailing Wind Park analyzed the cost of decommissioning the Project? 510 

A. Prevailing Wind Park estimates that the costs of decommissioning will be in the 511 

magnitude of the estimate provided for the up to 72-turbine Dakota Range Wind 512 

Project.  The Dakota Range Wind Project developer estimated the cost per turbine 513 

(no resale) to be $38,900 per turbine.  Prevailing Wind Park has commissioned 514 

DNV-GL to provide a decommissioning plan with a cost estimate, which will be 515 

submitted to the Commission for review shortly after this application is submitted.   516 

 517 

Q. Who will be responsible for covering all anticipated decommissioning costs? 518 

A. Prevailing Wind Park will be responsible for covering all anticipated 519 

decommissioning costs.  520 

 521 

 522 
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 523 

X. CONCLUSION 524 

 525 

Q. Based on the analysis Prevailing Wind Park has conducted of the Project 526 

Area, has the Project been sited so as to minimize human and environmental 527 

impacts? 528 

A. Yes.  As discussed herein and throughout the Application, Prevailing Wind Park 529 

does not expect the Project to have any significant, long-term effects on humans or 530 

the environment.  Construction impacts are anticipated to be minor and temporary, 531 

and only 45 of the total 50,364 acres within the Project Area will be permanently 532 

impacted during the life of the Project.  Moreover, Prevailing Wind Park has 533 

committed to complying with all applicable regulatory and permit requirements, 534 

implementing resource-specific avoidance, minimization, and mitigation measures, 535 

and utilizing BMPs during construction and operation.  Therefore, the Project is not 536 

anticipated to have long-term negative impacts. 537 

 538 

Q. Does this conclude your Direct Testimony? 539 

A. Yes. 540 

 541 

Dated this 30th day of May, 2018. 542 

   543 

Bridget Canty 544 
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PROFESSIONAL EXPERIENCE 

sPower 
Permitting Manager 

Bridget Canty 
bcanty@spower.com 

831-430-6326 

• Manage permitting for 400 MW of wind energy 

• Develop environmental study and permitting strategies 

• Perform technical due-diligence for project acquisitions 

Exhibit A12-1 

November 2017 - Present 

• Negotiate project design and mitigation measure with local, state, and federal regulators to ensure 
project success. 

• Assist with permitting and environmental compliance throughout the construction and operation of 
projects 

• Identify and manage third-party consultants and legal counsel 

CH2M HILL (now Jacobs) 
Project Manager/Senior Biologist April 2008 - October 2017 

• Managed variety of renewable and conventional energy projects throughout the Western U.S. 
• Prepared permit applications consistent with requirements of NEPA, CEQA, ESA, BG EPA, MBTA, and CWA 

• Oversaw permitting of approximately 4.5 GW of renewable energy 

• Planned and led biological resource studies 

• Negotiated mitigation measures with local, state, and federal regulators to ensure project success. 
• Performed senior technical review of work products 

• Identified and managed third-party consultants 

URS Corp (now AECOM) 
Biologist/Project Manager April 2000-April 2008 

• Planned and conducted biological surveys of threatened, endangered, and rare wildlife species throughout 
Oregon, Washington, California, Utah, Idaho, and Nevada 

• Managed variety of small energy, port, and highway projects throughout the Oregon, Washington, Idaho 
and California 

• Managed third-party consultants 

EDUCATION 

M.S., Environmental Science & Resources (all but thesis) 
Portland State University, Portland, Oregon 

B.S., Biology 
Lewis & Clark College, Portland, Oregon 

2006 

1991 
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REGISTRATIONS/MEMBERSHIPS 
 
The Wildlife Society - Certified Wildlife Biologist 
The Wildlife Society Renewable Energy Working Group – Working Group Member 
National Wind Coordinating Collaborative – Member 
Raptor Research Federation - Member 
CA/NV Golden Eagle Working Group – Working Group Member 
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I. INTRODUCTION  1 

 2 

Q. Please state your name. 3 

A. My name is Bridget Canty.  4 

 5 

Q. Did you provide Direct Testimony in this docket on May 30, 2018? 6 

A. Yes. 7 

 8 

Q. What is the purpose of your Supplemental Direct Testimony? 9 

A. I will address the following topics in my Supplemental Direct Testimony: 10 

 An update regarding the wetland and cultural resource survey work for the 11 

Prevailing Wind Park Project (“Project”); 12 

 Lisa Schoenfelder’s comments at the July 12, 2018, public input meeting 13 

regarding the identification of her residence; and 14 

 The National Telecommunications and Information Administration’s (“NTIA”) 15 

review of the Project. 16 

 17 

Q. What exhibits are attached to your Supplemental Direct Testimony? 18 

A. The following exhibit is attached to my Supplemental Direct Testimony: 19 

 Exhibit 1: NTIA correspondence regarding the Project, dated June 7, 2018. 20 

 21 

II. WETLAND AND CULTURAL RESOURCE SURVEY UPDATE 22 

 23 

Q. In your Direct Testimony at page 4, you indicated that wetland field 24 

delineations for the Project were “in process.”  Have wetland field delineations 25 

now been completed? 26 

A. Yes.  Wetland field delineations were completed in June 2018 for the Project.  Based 27 

on these delineations, the Project will result in no permanent impacts to wetlands 28 

and only approximately 18.5 acres of temporary impacts.  Prevailing Wind Park will 29 

utilize best management practices (such as the use of construction mats) to mitigate 30 

potential temporary impacts. 31 
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 32 

Q. In your Direct Testimony at page 4, you indicated that the cultural resources 33 

archaeological survey was pending.  Do you have an update? 34 

A. Yes.  To date, the archaeological survey has included three mobilizations: June 11-35 

15, June 18-27, and July 9-18, 2018.  During those mobilizations, pedestrian field 36 

surveys were completed in all portions of the Project Area for which access was 37 

confirmed.  Only one newly-documented archaeological site was identified; this site 38 

consists of a historic artifact scatter and foundations, and additional survey and 39 

shovel testing will be completed in this area during the next archaeological 40 

mobilization. 41 

 42 

Q. Does Prevailing Wind Park intend to do additional cultural resources 43 

archaeological survey? 44 

A. Yes.  The next archaeological mobilization will focus on shovel testing at 16 areas, 45 

including the newly-documented archaeological site referenced above, consisting of 46 

approximately 39 acres (less than five percent of the Project Area).  Prevailing Wind 47 

Park will continue to coordinate with the South Dakota Historic Preservation Office 48 

(“SHPO”) regarding these surveys.   49 

 50 

 In addition, Prevailing Wind Park is coordinating with the Western Area Power 51 

Administration (“WAPA”) to support WAPA’s compliance with Section 106 of the 52 

National Historic Preservation Act.  As part of the Section 106 process, Prevailing 53 

Wind Park anticipates that certain interested tribes will conduct a Traditional Cultural 54 

Properties survey in the Project Area this fall. 55 

 56 

Q. Your Direct Testimony at page 5 also indicated that the historical/architectural 57 

survey was pending.  Do you have an update? 58 

A. Yes. The historical/architectural survey is currently underway and is expected to be 59 

completed in September 2018.  Prevailing Wind Park will coordinate with SHPO 60 

regarding this survey, as well. 61 

 62 
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III. RESIDENCE IDENTIFICATION 63 

 64 

Q. At the July 12, 2018, public input meeting, Ms. Lisa Schoenfelder noted that 65 

the Project maps did not include her residence in the vicinity.  Have you 66 

investigated this issue? 67 

A. Yes.  Prevailing Wind Park recognizes that Ms. Schoenfelder’s residence at 40228 68 

296th Street, Wagner, South Dakota, was not identified in the maps submitted with 69 

the Project’s Application.  However, we have determined that the owner of record of 70 

Ms. Schoenfelder’s residence was sent the required notice of the public input 71 

hearing for Project.  Ms. Schoenfelder’s residence is approximately 4,200 feet away 72 

from turbine 58, which is the nearest proposed turbine location to the residence.  73 

Additionally, based on the shadow flicker level contours shown in Appendix G 74 

(Shadow Flicker Duration Maps) to the Shadow Flicker Analysis report already 75 

prepared for the Project, Ms. Schoenfelder’s residence would experience less than 76 

30 hours of shadow flicker per year from the Project.  Also, based on Appendix D 77 

(Sound Level Contours) to the Sound Study already prepared for the Project, sound 78 

levels from the Project at Ms. Schoenfelder’s residence would be less than 45 dBA.  79 

Prevailing Wind Park continues to investigate the reason that Ms. Schoenfelder’s 80 

residence was not previously included, and will provide an update in further 81 

testimony. 82 

 83 

IV. NTIA CORRESPONDENCE 84 

 85 

Q. On page 15-17 of the Application, it notes that Prevailing Wind Park submitted 86 

a notification to NTIA and expected a determination in early June 2018.  Do 87 

you have an update? 88 

A. Yes.  In correspondence dated June 7, 2018, NTIA indicated that the Department of 89 

Energy (“DOE”) “identified concerns regarding blockage of their radio frequency 90 

transmissions.”  A copy of the NTIA correspondence is attached as Exhibit 3.  DOE 91 

requested that Prevailing Wind Park coordinate with WAPA’s Western Spectrum 92 

Program Manager. 93 
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 94 

Q. Has Prevailing Wind Park initiated coordination with WAPA? 95 

A. Prevailing Wind Park has directed its consultant to coordinate with WAPA regarding 96 

this issue.  On August 8, the Project’s consultant sent a letter via electronic mail to 97 

WAPA’s Western Spectrum Program Manager requesting additional review per the 98 

NTIA response letter. 99 

 100 

V. CONCLUSION 101 

 102 

Q. Does this conclude your Supplemental Direct Testimony? 103 

A. Yes. 104 

 105 

Dated this 10th day of August, 2018. 106 
 107 

 108 

 109 

  _______ 110 

Bridget Canty 111 
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UNITED STATES DEPARTMENT OF COMMERCE 
National Telecommunications and 
Information Administration 
Washington, 0.C. 20230 

JUN - 7 2018 

Mr. B. Benjamin Evans, P.E. 
Evans Engineering Solutions, LLC 
524 Alta Loma Drive 
Thiensville, WI 53092 

Exhibit A13-1 

Re: Prevailing Wind Project;'Revision 1: Bon Homme, Charles Mix & Hutchinson 
Counties, SD 

Dear Mr. Evans: 

In response to your request on April 4, 2018, the National Telecommunications and Information 
Administration provided to the federal agencies represented in the Interdepartment Radio Advisory 
Committee (!RAC) the plans for the Prevailing Wind Project, Revision I, located in Bon Homme, 
Charles Mix, and Hutchinson Counties, South Dakota. 

After a 45+ day period of review, one Federal agency, the Department of Energy (DOE), identified 
concerns regarding blockage of their radio frequency transmissions. Energy's concerns are noted 
here: 

This project has the potential to affect operations of the DOE Western Arca Power 
Administration, and turbine location data will be necessary for mitigation purposes. 
Energy requests that the developer coordinate directly with our Western Spectrum 
Program Manager: 

Scott E. Johnson, Sr. Telecom Engineer/ Spectrum Program Manager 
US Dept. of Energy, Western Area Power Admin Headquarters , P. 0. Box 
281213, Lakewood, Colorado 80228-8213 
Phone: (720) 962-7380; Fax: (720) 962-4080; email: sjohnson@wapa.gov 

While the other IRAC agencies did not identify any concerns regarding radio frequency blockage, 
this does not eliminate the need for the wind energy facilities to meet any other requirements 
specified by law related to these agencies. For example, this review by the IRAC does not eliminate 
any need that may exist to coordinate with the Federal Aviation Administration concerning flight 
obstruction. 

Thank you for the opportunity to review these proposals. 

P ter A. enhula 
Deputy Associate Administrator 
Office of Spectrum Management 
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I. INTRODUCTION  1 

 2 

Q. Please state your name. 3 

A. My name is Bridget Canty. 4 

 5 

Q. Did you provide Direct Testimony in this Docket? 6 

A. Yes.  I submitted Direct Testimony on May 30, 2018.  I also submitted Supplemental 7 

Direct Testimony on August 10, 2018. 8 

 9 

Q. What is the purpose of your Rebuttal Testimony? 10 

A. The purpose of my Rebuttal Testimony is to provide updates to my Supplemental 11 

Direct Testimony concerning the following: 12 

• The status of Prevailing Wind Park Project (“Project”) environmental 13 

surveys/studies; 14 

• The status of the Environmental Assessment (“EA”) being prepared in 15 

conjunction with Western Area Power Administration’s (“WAPA”) review of 16 

the Project’s interconnection to WAPA facilities;  17 

• Prevailing Wind Park, LLC’s (“Prevailing Wind Park”) re-review of potential 18 

residences within and near the Project area; 19 

• Small shifts of two turbines locations, one to meet the property line 20 

setback with the taller turbine, and another to avoid a microwave beam 21 

path. 22 

 23 

Q. Are there any exhibits attached to your Rebuttal Testimony?  24 

A. The following exhibits are attached to my Rebuttal Testimony: 25 

• Exhibit 1: Burns & McDonnell Memorandum, Potential House Field 26 

Review 27 

• Exhibit 2:   Revised Layout.  28 

 29 
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II. UPDATES TO SUPPLEMENTAL DIRECT TESTIMONY 30 

 31 

Q. In your Supplemental Direct Testimony at page 2, you indicated that Prevailing 32 

Wind Park intended to do additional archaeological field survey work as part 33 

of WAPA’s Section 106 process.  Do you have an update? 34 

A. Yes. Since my Supplemental Direct Testimony, all pedestrian surveys have been 35 

completed for archaeological resources.  During the three archaeological 36 

mobilizations, one newly documented archaeological site (field number PWND-D13-37 

001) was identified. Site PWND-D13-001 consists of a historic artifact scatter and 38 

foundations identified during the pedestrian survey of the collection line and 39 

alternative crane path to Turbine 64. Additional survey and shovel testing will be 40 

completed in this area during the next archaeological mobilization. South Dakota 41 

State site forms will be completed for this site and submitted to the South Dakota 42 

Archaeological Research Center (“SDARC”).  43 

 44 

 The next archaeological mobilization will occur following the completion of the 45 

Yankton Tribal Historic Preservation Office (“THPO”) Traditional Cultural Properties 46 

(“TCP”) survey. The Yankton Sioux Tribe (“YST”) began surveying for TCPs on 47 

September 24, 2018 and is expected to conclude surveys in late October or early 48 

November of this year. The next mobilization will focus on subsurface testing (shovel 49 

testing) at locations that do not contain TCP sites and areas that were not 50 

adequately reviewed by pedestrian survey due to limited ground surface visibility. A 51 

total of 16 areas within the Project area have been identified for subsurface testing 52 

pending the results of the TCP survey.  53 

 54 

 Prevailing Wind Park does not expect that the surveying will result in the need to 55 

shift turbines.  However, if archaeological surveys or TCP surveys identify sensitive 56 

resources, Prevailing Wind Park will avoid impacts by moving Project infrastructure 57 

where practicable. If complete avoidance is not practicable, Prevailing Wind Park will 58 

work with SHPO to minimize and mitigate impacts.  59 

 60 
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Q. In your Supplemental Direct Testimony at page 2, you indicated that a 61 

historical/architectural survey was currently underway.  Do you have an 62 

update? 63 

A. Yes. Prevailing Wind Park’s cultural resources consultant recently completed the 64 

historical/architectural survey.  During the survey, 324 properties were analyzed. 65 

One National Register of Historic Places (“NRHP”)-listed property was identified. 66 

Sixteen (16) properties were identified that were recommended eligible for the 67 

NRHP.  Of those 16 properties, two were fully accessed.  The remaining 14 are 68 

assumed eligible for the NRHP because they are not visible from public right-of-way 69 

and right of entry was not obtained.  A draft report summarizing the results is 70 

expected by mid-November and will be submitted to the State Historic Preservation 71 

Office for review and concurrence.  72 

 73 

Q. What is the status of WAPA’s environmental review of the Project? 74 

A. Prevailing Wind Park expects that WAPA will issue the draft EA this fall.  75 

 76 

Q. In your Supplemental Direct Testimony at page 3, you stated that Prevailing 77 

Wind Park was continuing to investigate the omission of Ms. Schoenfelder’s 78 

residence on Project figures.  Do you have an update? 79 

A. Yes.  As discussed in Prevailing Wind Park’s response to Staff Data Request 1-2, 80 

the inhabited status of dwellings was first determined in 2016.  As I understand it, at 81 

this time, the inhabited status of dwellings was determined by (1) reviewing aerial 82 

photography to determine location of residences in and around the Project footprint; 83 

(2) reviewing aerials and drawing on local knowledge of the area to determine 84 

obvious occupied residences; (3) field verifying dwellings with indeterminate status; 85 

(4) contacting landowners to verify occupancy status; and (5) using tax rolls to 86 

determine ownership and addresses of residences.   87 

  88 

 This year, on behalf of Prevailing Wind Park, Burns & McDonnell undertook a 89 

verification process that was just completed to ensure that inhabited residences 90 
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within the Project area and within a one-half mile of the Project (“Verification Area”) 91 

were accounted for. 92 

 93 

Q. What verification process did Burns & McDonnell undertake?  94 

A. The verification process is described in the September 22, 2018 memorandum from 95 

Burns & McDonnell, which is attached as Exhibit 1.  Generally, Burns & McDonnell 96 

first reviewed aerial imagery to identify potential additional occupied residences 97 

within the Verification Area.  That effort resulted in 28 potential structures. Two 98 

representatives of Burns & McDonnell then spent two days in South Dakota to 99 

evaluate the status of the 28 locations.   100 

  101 

Q. What were the results of Burns & McDonnell’s work?  102 

A. Burns & McDonnell identified one additional potential occupied residence in the field 103 

(for a total of 29 structures), which was also further evaluated.  Of the 29 structures, 104 

Burns & McDonnell determined that there were nine additional occupied residences, 105 

including the Schoenfelder property in Wagner, within the Verification Area.  Four of 106 

the additional occupied residences are located in the Project Area; five are outside 107 

the Project Area. The distances from the additional occupied residences to the 108 

nearest turbine range from 2,427 to 12,865 feet. This brings the total occupied 109 

residences in the Verification Area to 146.  110 

 111 

Q. How is Prevailing Wind Park using the results of the Burns & McDonnell 112 

review?  113 

A. Prevailing Wind Park directed Burns & McDonnell to conduct updated shadow flicker 114 

and sound analyses that included these receptors.  The results of those analyses 115 

are provided in the rebuttal testimony of Chris Howell and Aaron Anderson.   116 

 117 

Q. Has Prevailing Wind Park made any changes to the Project based on the 118 

review of potential occupied residences?  119 

A. Yes. In the review, we identified an occupied residence within 900 feet of turbine 120 

location T19.  While the turbine location could meet all applicable setback, shadow 121 

 
015239



 

5 

flicker and sound requirements, and the residence is owned by a participating 122 

landowner, Prevailing Wind Park decided to eliminate this turbine location due to its 123 

proximity to an occupied residence.  With the removal of this location, the closest 124 

turbine to an occupied residence is 1,556 feet (T61).   125 

 126 

Q. Please describe the two minor turbine shifts that Prevailing Wind Park has 127 

made.   128 

A. As Peter Pawlowski testified in his Rebuttal Testimony, the GE3.8-137 is being 129 

modified with a taller hub to allow the transformer to be housed within the turbine.  130 

That modification increases the total system height to 590 feet, 5.5 inches.  This 131 

results in a minimum setback from property lines of non-participating landowners of 132 

649.61 feet.  To meet this setback requirement, a shift of turbine location T38, which 133 

was 647 feet away from the nearest non-participating property line, was required.  134 

We moved it 10 feet to the west away from the property line, bringing the setback to 135 

657 feet. 136 

 137 

The second move was for turbine location T40, 50 feet to the north.  This move was 138 

coordinated with the National Telecommunications and Information Administration to 139 

ensure no conflict with microwave beam paths.   140 

 141 

The removal of T19 and the two minor turbine shifts were evaluated in the Project’s 142 

updated shadow flicker and noise analyses I referenced above.  Exhibit 2 shows the 143 

revised Project layout that includes the additional nine occupied residences, reflects 144 

the two turbine shifts, and notes the removal of T19.  145 

  146 
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 147 

III. CONCLUSION 148 

 149 

Q. Does this conclude your Rebuttal Testimony? 150 

A. Yes. 151 

 152 

Dated this 26th day of September, 2018. 153 

  154 

   155 
Bridget Canty 156 

 157 
 158 
64841916 159 
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Exhibit A14-1 

BURNSt.,MSDONNELL 

Date: 

To: 

From: 

Subject: 

September 22, 2018 

Bridget Canty 

Ed Bowers 

Prevailing Wind Park Project, Potential House Field Review 

Prevailing Wind Park, LLC engaged Burns & McDonnell (Burns) to conduct an independent 
review of residences within the Prevailing Wind Park project area (Project Area) and within a 
half-mile of the Project Area (Verification Area). Prevailing Wind Park, LLC directed Burns to 
evaluate whether there were any occupied residences in the Verification Area that were not 
included in the 137 occupied residences shown in the Application for a Facility Permit in South 
Dakota Public Utilities Commission Docket ELI 8-026. This memorandum describes the 
verification process and the results of our investigation. 

Burns first reviewed aerial imagery to identify potential occupied residences within the 
Verification Area. Through that process, Burns identified 28 structures that could be 
residences. The 28 were assigned house numbers XX-1 through XX-28. 

The locations of these 28 structures were field reviewed on September 17 and 18, 2018 by 
Angie Woehler, assistant environmental scientist and Ed Bowers, environmental scientist. 

We drove by each of the identified 28 potential residences and visually observed the general 
appearance for signs that the structure could be considered occupied. Signs of potential 
occupation included the presence of a mailbox, visible electric or other utility service to the 
house, condition of the driveway or access to the house (maintained versus tall vegetation), and 
the overall condition of the house. 

Houses with some signs of occupation, but that displayed evidence of long-term structural and 
property decline (broken out windows, holes and damage to roof, overgrown vegetation, etc.) 
were classified as non-occupied. In cases where visual observation of the potential house was 
restricted, we relied upon visual signs to assess whether the house was occupied. In cases where 
there were some signs of occupancy as well as abandonment, the house was presumed to be 
occupied. 

We recorded notes about our observations and took a photo(s) of each of the houses to support 
our classification decision. The location and occupation status for each house was also 
recorded into a geographic information system (GIS) geodatabase using a global positioning 
system (GPS) enabled laptop computer with ArcGIS 10.4 software. Recording G IS data 
provides a record of each house that can be viewed and evaluated in relationship to other 
resources in the project area, particularly the proximity to proposed wind turbines. Using G IS 
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with GPS also provided us a means of efficiently navigating to each house while documenting 
our search area. 
 
As part of our field work reviewing the 28 structures, we also looked for any discrepancies 
in the status of nearby residences previously identified in the Application.  No discrepancies 
were observed.   
 
During the process of classifying the 28 identified structures, we observed an additional 
potential residence, bringing the total potential residences to 29. The structure had not been 
identified as a potential residence in the desktop review due to its general appearance.  
 
In the field, we observed a second structure next to XX-22 that appeared to have electric service 
connected to an electric meter, had what looked like a newer roof installed, and gave the overall 
appearance it could be occupied.  Rather than change the location of XX-22 to this structure, we 
added it to the geodatabase as XX-22A, and classified it as occupied. We also recorded the 
location of a few structures that we observed, which were not part of the prior study and not 
included in the 28 potential houses.  These were recorded into the geodatabase in case they are 
later observed on aerials and their status is brought into question.  None of these additional 
structures was determined to be an occupied residence. 
 
Of the 29 structures evaluated, we classified 20 houses as non-occupied and nine structures 
as occupied residences.  A spreadsheet is attached that provides the house numbers we 
observed matched with the reference numbers of photos taken of the house and the field 
notes recorded during our observation.  
 
Ed F. Bowers 
 

 
 
Enclosure: House Status Classification Spreadsheet 
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Prevailing Wind House Status Classification

House 
Number Photo Number Field Notes

Occupation 
Status Property Status Latitude_DMS Longitude_DMS

Date Field 
Classified

XX-01 Photo 032

Mailbox and gate (locked) both look newer. 
Electricity present, No access to house, but 

appears on aerial layer. Landowner had 
contacted project team prior to field visit Occupied Non-participating 43d 5' 55.232" N 98d 8' 32.940" W 18-Sep-18

XX-02 Photo 028 & 029 No mailbox, no electric, broken windows Non-occupied Non-participating 43d 11' 1.833" N 98d 8' 40.131" W 18-Sep-18

XX-03 Photos 006 & 007
Has electric, several old cars, gate locked. Does 

not appear to be occupied Non-occupied Non-participating 43d 10' 35.127" N 98d 3' 6.224" W 17-Sep-18

XX-04 Photo 005
Has AC unit, satellite dish, electric, no mailbox. 

Looks livable Occupied Non-participating 43d 11' 21.356" N 98d 3' 2.897" W 17-Sep-18

XX-05 Photo 003
House gone, barn present. No mailbox, no 

electric Non-occupied Non-participating 43d 12' 5.113" N 98d 0' 40.937" W 17-Sep-18
XX-06 Photo 027 Dog in yard, Overall looks occupied Occupied Non-participating 43d 4' 11.480" N 97d 57' 50.740" W 17-Sep-18

XX-07 Photo 025

No mailbox, rope gate, no access but driveway 
mowed and clear, has electric and newer 

vehicles outside Occupied Non-participating 43d 2' 52.807" N 97d 59' 12.417" W 17-Sep-18

XX-08 Photos 023 & 024
Satellite dish but very overgrown, no mailbox, 

damage to roof visible Non-occupied Non-participating 43d 2' 27.827" N 97d 59' 26.585" W 17-Sep-18

XX-09 Photo 022
Chickens and cats in yard, electric, looks 

occupied Occupied Non-participating 43d 1' 43.601" N 97d 58' 54.005" W 18-Sep-18

XX-10 Photo 014
Boarded_up windows, overgrown vegetation 

on driveway, does not appear occupied Non-occupied Non-participating 43d 1' 32.372" N 98d 4' 50.731" W 17-Sep-18

XX-11 Photo 041
Satellite dish, house has decorations for 

autumn and appears well kept and occupied Occupied Non-participating 43d 2' 34.786" N 98d 9' 46.298" W 18-Sep-18

XX-12 Photo 031
No mailbox, no electric, damage to roof, locked 

gate Non-occupied Non-participating 43d 7' 23.940" N 98d 10' 14.558" W 18-Sep-18

XX-13 Photo 008
No mailbox, gate open, but no sign of traffic on 

driveway,  broken windows Non-occupied Leased 43d 8' 11.171" N 98d 4' 12.108" W 17-Sep-18

XX-14 Photo 009

Has electric, no mailbox, gate locked with "No 
Trespassing", Looks like frequently visited, but 

not occupied Non-occupied Leased 43d 8' 3.304" N 98d 4' 2.772" W 17-Sep-18

XX-15 Photo 039
No mailbox, tall vegetation on driveway, roof 

damaged Non-occupied Leased 43d 5' 5.351" N 98d 6' 15.889" W 18-Sep-18

XX-16 Photo 010
Has long driveway, has electric, satellite dish, 

dawn-to-dusk light, propane tank Occupied Leased 43d 5' 33.462" N 98d 3' 48.488" W 17-Sep-18

XX-17 Photos 037 & 038
No mailbox, but has electric. Damaged and 

broken windows Non-occupied Leased 43d 4' 49.482" N 98d 6' 36.828" W 18-Sep-18
XX-18 Photo 011 Has mailbox, looks livable Occupied Leased 43d 4' 55.837" N 98d 4' 8.622" W 17-Sep-18
XX-19 Photo 040 Broken glass, overgrown vegetation Non-occupied Leased 43d 2' 43.987" N 98d 5' 21.487" W 18-Sep-18
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Prevailing Wind House Status Classification

House 
Number Photo Number Field Notes

Occupation 
Status Property Status Latitude_DMS Longitude_DMS

Date Field 
Classified

XX-20 Photos 001 & 002
Appears abandoned, has electric, but no sign of 

life Non-occupied Leased 43d 11' 44.326" N 97d 59' 33.618" W 17-Sep-18
XX-21 Photo 030 No gate, mailbox, electric. Broken windows Non-occupied Non-participating 43d 10' 19.688" N 98d 9' 57.741" W 18-Sep-18

XX-22 Photos 032- 035

Gate locked, no mailbox. House originally 
identified is overgrown with trees and 

considered unoccupied. Non-occupied Non-participating 43d 4' 51.192" N 98d 9' 18.526" W 18-Sep-18

XX-22A Photos 036

Located next to potential house XX.22. Gate 
was locked (In Google Earth photo there is no 

gate and a mailbox is present at end of 
driveway). Has newer roof, has electic meter 
visible on side of building, driveway appears 

maintained and used (no tall grass). Could not 
gain closer view, so considered occupied Occupied Non-participating 43d 11' 47.88" N 98d 1' 15.89" W 18-Sep-18

XX-23 Photo 026
Has mailbox, but overgrown with vegetation, 

windows broken. House looks very fragile Non-occupied Non-participating 43d 4' 52.288" N 97d 59' 19.726" W 17-Sep-18

XX-24 Photos 012 & 013 Overgrown vegetation, no mailbox, no electric Non-occupied Non-participating 43d 3' 57.850" N 98d 4' 12.042" W 17-Sep-18

XX-25 Photo 016 & 017
Gate locked and way back from road, no 

access, no mailbox, no electric Non-occupied Leased 43d 2' 53.592" N 98d 3' 15.406" W 17-Sep-18
XX-26 Photo 018 & 019 Overgrown vegetation, broken windows Non-occupied Leased 43d 2' 17.864" N 98d 0' 49.813" W 17-Sep-18
XX-27 Photos 020 & 021 Locked gate, no mail box, no access Non-occupied Leased 43d 1' 36.832" N 98d 0' 44.229" W 17-Sep-18

XX-28 Photo 015

House and surrounding trees appear to have 
been removed. Structure in background shows 
up behind house on aerials and is not believed 

to be  occupied either Non-occupied Non-participating 43d 1' 30.692" N 98d 4' 2.560" W 17-Sep-18
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I. INTRODUCTION AND QUALIFICATIONS 

Q. Please state your name, employer, and business address. 

A. My name is Michael MaRous. I am the owner and president of MaRous & 

Company. My business address is 300 South Northwest Highway, Suite 204, Park 

Ridge, Illinois 60068. 

Q. Briefly describe your educational and professional background. 

A. I graduated from the University of Illinois at Urbana-Champaign with a B.S. in 

Urban Land Economics and began my career working with a Chicago real estate 

appraisal and consulting firm. I founded MaRous & Company in 1980. I have a 

South Dakota State Certified General Appraisal License, No. 1467CG. 

During my career, I have appraised real estate located in more than 25 states and 

reflecting a total value in excess of $15 billion. Properties include general 

industrial, commercial, and residential parcels, as well as vacant land and also 

specialized properties and interests, including air/development rights, billboards, 

cemeteries, easements, golf courses, gambling facilities, schools, streets, tank 

farms, waste transfer stations, utility and railroad rights-of-way, and energy-related 

projects. 

Energy-related projects include the Dakota Range Wind Project in Codington 

County and Grant County, Deuel Harvest Wind Farm in Deuel County, and the 

Crocker Wind Farm in Clark County, all in South Dakota; the Grand Ridge V and 

Otter Creek wind farms in LaSalle County, the Pleasant Ridge Wind Farm in 

Livingston County, the Walnut Ridge Wind Farm in Bureau County, the McLean 

County Wind Farm in McLean County, and the Twin Forks Wind Farm in Macon 

County, all in Illinois; the Freeborn Wind Farm in Freeborn County, Minnesota; the 

Ida II Wind Farm in Ida County, the Palo Alto County Wind Farm in Palo Alto 

County, both in Iowa; the Orangeville Wind Farm in Wyoming County, New York; 

the Dorchester County Solar Farms in Dorchester County, Maryland; and the 
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Badger Hollow Solar Farm in Iowa County, Wisconsin; and proposed natural gas

fired electric plants in various locations. 

My statement of qualifications is included at the end of the August 10, 2018 Market 

Impact Analysis ("Market Analysis") for the Prevailing Wind Park Project attached 

as Exhibit 1. 

II. OVERVIEW 

Q. What is your role in the Prevailing Wind Park Energy Facility (11Project")? 

A. I was retained by Prevailing Wind Park, LLC ("Prevailing Wind Park") to prepare an 

independent market analysis of the potential impact, if any, the Project would have 

on the value of the properties in the general area of the Project in Bon Homme, 

Hutchinson and Charles Mix counties ("Project area"). Specifically, the analysis 

addressed the question of whether market data indicates that the Project will have 

an effect on the value of residential uses and/or agricultural land in proximity to the 

proposed wind turbines. When I use the phrase "proximity to wind turbines," I 

generally mean turbines within five times the tip height of a wind turbine. 

Q. What is the purpose of your Supplemental Direct Testimony? 

A. The purpose of my testimony is to provide information specific to South Dakota 

and the Project area in Charles Mix, Bon Homme, and Hutchinson counties with 

respect to the potential impact of wind turbines on rural residential and agricultural 

property. 

Q. Have such studies been conducted previously in South Dakota? 

A. I conducted similar studies in connection with the Dakota Range Wind Project and 

Crocker Wind Farm Project. Those studies were filed with the South Dakota 

Public Utilities Commission ("Commission") in Docket Nos. EL 18-003 ("Dakota 

Range") and EL 17-055 ("Crocker''), respectively. 
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The potential impact, if any, which wind farms have on property values was also 

addressed in research performed by Mr. David Lawrence on behalf of the 

Commission Staff in the Dakota Range proceeding. Mr. Lawrence's research 

focused on the potential impacts, if any, that wind towers have on rural residential 

and agricultural properties, respectively, in Brookings County. 

Q. Have peer-reviewed studies been conducted previously in South Dakota? 

A. There are no peer-reviewed studies that have studied South Dakota properties. 

was also unable to locate any other peer-reviewed market analysis specific to 

South Dakota wind farms. Large-scale peer-reviewed studies have evaluated the 

potential impact of wind turbines on property values outside of South Dakota. 

While these studies are not specific to South Dakota, they are authoritative studies 

that have produced consistent results. In my report, and in my testimony, I 

address how these studies support my analysis. 

Q. Please identify the sections of the Application that your testimony supports. 

A. My testimony supports Section 20.1.2.3, Property Value Impacts and the associated 

appendices, Appendix P (2009 Berkeley Property Values Study) and Appendix Q 

(2013 Berkeley Property Values Study). 

Q. What exhibits are attached to your Supplemental Direct Testimony? 

A. In addition to my Market Analysis, Exhibit 1, I am sponsoring the following exhibits: 

• 

• 

Exhibit 2: Brian Guerin, Jason Moore, Jamie Stata, and Scott Bradfield 

(2012). Impact of Industrial Wind Turbines on Residential Property 

Assessment in Ontario: 2012 Assessment Base Year Study. Municipal 

Property Assessment Corporation. 

Exhibit 3: Jason Moore, Jamie Stata, and Scott Bradfield (2016). Impact of 

Industrial Wind Turbines on Residential Property Assessment in Ontario: 

2016 Assessment Base Year Study. Municipal Property Assessment 

Corporation. 
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• 

• 

• 

• 

Exhibit 4: Corey Lang and James Opaluch (2013). Effects of Wind 

Turbines on Property Values in Rhode Island. Environmental and Natural 

Resource Economics, University of Rhode Island. 

Exhibit 5: Richard J. Vyn and Ryan M. McCullough (2013). The Effects of 

Wind Turbines on Property Values in Ontario: Does Public Perception 

Match Empirical Evidence? University of Guelph, Canada. 

Exhibit 6: Carol Atkinson-Palombo and Ben Hoen (2014). Relationship 

between Wind Turbines and Residential Property Values in 

Massachusetts. University of Connecticut and Lawrence Berkeley National 

Laboratory. 

Exhibit 7: Surrebuttal Testimony of David Lawrence on Behalf of the Staff 

of the South Dakota Public Utilities Commission, In re the Matter of the 

Application by Dakota Range /, LLC and Dakota Range II, LLC for a 

Permit of a Wind Energy Facility in Grant County and Codington County, 

South Dakota, for the Dakota Range Wind Project, Docket No. EL 18-003, 

(June 8, 2018). 

Ill. MARKET ANALYSIS FOR PREVAILING WIND PARK PROJECT 

Q. How did you familiarize yourself with the Project? 

A. To familiarize myself with the Project, I reviewed documents relating to the 

proposed Project, including the Application filed in this matter, engineering 

information, and several pre-filed testimonies. I reviewed the proposed layout and 

representative turbine models in the Application and the applicable regulations and 

zoning ordinances. 

As a function of my work, I am generally familiar with the current market for real 

estate toward eastern South Dakota. To further develop my knowledge of the 

market, and specifically the market in and around the Project area, I researched 

property values and market conditions through a variety of methods (e.g., 
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interviews With market participants, survey of assessors, public records, and online 

research). I also visited the Project area on June 14, 2018. 

Q. What data did you evaluate in conducting your market value analysis? 

A. The Market Analysis brings together several different data sources and ways of 

evaluating the potential impacts of wind turbines on properties. As detailed further 

in the Market Analysis, I evaluated the footprint of the Project, as well as the 

surrounding area, and reviewed rural residential and agricultural property sales 

data. I also researched agricultural land values in Bon Homme, Charles Mix, and 

Hutchinson counties and in other counties in South Dakota in which wind farms are 

located, and looked at market trends for both agricultural and residential land for 

the past five years. I also considered the economic impact on the larger 

community by the approval of the use as proposed. In addition, I considered the 

opinions of assessors in eight South Dakota counties with active wind projects. In 

addition to analyzing South Dakota-specific information, I considered my prior 

analyses for wind projects in similar counties in Minnesota, Iowa, and Illinois, 

including paired sales and discussions with assessors in counties with active wind 

farms. I also considered the analysis of Mr. Lawrence in the Dakota Range 

proceeding, attached as Exhibit 7. Finally, I reviewed relevant literature on wind 

farm property value impact analyses previously conducted and interviewed local 

real estate professionals, including brokers and six auctioneers throughout South 

Dakota. 

Q. Could you discuss in more detail the matched pair analysis you conducted? 

A. Yes. Broadly speaking, the purpose of a matched pair (or paired sales) analysis is 

to determine whether and how a particular characteristic or factor affects, if at all, 

the value of real estate. In this case, the factor being reviewed is a proximate wind 

turbine. To conduct the matched pair analysis in this instance, I needed to identify 

sales that were proximate to wind turbine(s) and sales that were not proximate to 

wind turbine(s). After those sales are identified, then an appraiser like me can go 

through the process of comparing the two properties, making adjustments as 
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· appropriate to account for the properties' differences, and determining, based on 

the data, whether proximity to wind farms affected the prices. 

To gather the necessary information to conduct a matched pair analysis in this 

case, I reviewed data on the market for single-family houses in the area of the 

proposed wind farm and from other areas in the county from public sources, and 

from the Bon Homme County, Charles Mix County, and Hutchinson County public 

records, and public records from nine other counties in South Dakota. 1 The 

research throughout Bon Homme County, Charles Mix County, and Hutchinson 

County indicated that there was a relative lack of sales proximate to wind turbines 

in these counties. 

To bolster the quantity and quality of the data to be analyzed, I looked beyond Bon 

Homme, Charles Mix, and Hutchinson counties. The most substantial sales data 

found in South Dakota from locations in the general market area of a wind farm, 

based on data research from the entire state, were residences proximate to the 

Buffalo Ridge Wind Farms in Brookings County. Mr. Lawrence first identified six 

proximate residential sales in Brookings County during the Crocker proceeding. I 

conducted further research to determine if there were any additional proximate 

sales using the Beacon subscription service, another source of property sales 

information for Brookings County. I concluded that the six sales Mr. Lawrence had 

identified were appropriate sales for purposes of my analysis. I then researched 

Brookings County sales data to determine whether there was a comparable non

proximate sale for each that could be used to conduct a paired sales analysis. I 

found six non-proximate sales and conducted a paired sales analysis using six 

pairs of property sales in Brookings County. 

I also reviewed matched pair sales data in rural areas of Minnesota, Iowa, and 

Illinois. 

, Deuel County, Clark County, Codington County, Grant County, Aurora County, Brookings County, Day 

County, Hyde County, and Jerauld County. 
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Q. What were your conclusions from the matched pair analysis? 

A. As detailed in the Market Analysis, there is no record evidence to support a 

conclusion that proximity to wind turbines affects residential property values. In all 

cases, when I evaluated the two properties in detail and made appropriate 

adjustments for factors that can affect a property's value, such as building size, 

building type and quality, lot size, location, utilities and sale date, the prices of the 

two properties were essentially the same on a per square foot value. The value of 

agricultural properties with turbine leases is positively affected. 

These conclusions are consistent with what I have studied on other wind farm 

projects in South Dakota, Minnesota, Iowa, and Illinois. The data and conclusions 

in the Market Analysis are also consistent with the similar data and conclusions 

provided in the Surrebuttal Testimony of Mr. Lawrence that is attached at Exhibit 7. 

Q. Do your conclusions align with the other data you considered in your Market 

Analysis? 

A. Yes. The data and conclusions in the paired sales analysis are consistent with the 

information that we learned from interviewing market participants such as local real 

estate professionals, interviewing assessors, and reviewing peer-reviewed 

literature, as well as with the work done on behalf of Commission Staff by Mr. 

Lawrence, and with my own prior work. 

Q. Your company interviewed local real estate professionals, auctioneers, and 

brokers in South Dakota to gather information about how wind turbines 

affected values of proximate properties, if at all. Please provide an overview 

of your contacts with local real estate professionals. 

A. We contacted local real estate professionals to discuss market conditions, specific 

market transactions, and to investigate whether they had experience with, or 

knowledge of any impact of wind farms on residential property values. Interviews 

were conducted with six auctioneers throughout South Dakota. A summary of 
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those interviews is included in the Market Analysis. Their experience echoes my 

report findings and conclusions, mainly that turbine leases have a positive effect 

on the values of agricultural land under wind leases and that there is no market 

evidence that wind farms negatively impact the values of properties in proximity to 

turbines. 

Q. Your company also interviewed assessors in South Dakota, Iowa, Illinois and 

Minnesota regarding the potential property value impacts of wind farms. 

What was the purpose of those interviews? 

A. My interviews of assessors in South Dakota was intended to be another data point 

for my overall analysis of the potential impact of wind turbines on property values. 

Appraisers routinely and reasonably rely upon information provided by assessors 

to prepare market analyses and appraisals and I believe it was appropriate to do 

so here. The assessors have experience in assessing properties in counties 

where wind farms are located. The assessors' interactions with landowners and 

knowledge of landowner complaints about valuation and formal value appeals is 

valuable data and indicates that wind farms have not resulted in reduced 

assessments on proximate properties. 

Q. Please provide an overview of the assessors survey effort you completed. 

A. In South Dakota specifically, we surveyed assessors in eight South Dakota 

counties that each had more than 25 operational wind turbines: Aurora County, 

Brookings County, Campbell County, Charles Mix County, Day County, Hyde 

County, Jerauld County, and McPherson County. We spoke with assessors in 

each county to gather information on their experience regarding the impact of wind 

farms upon market values and/or assessed values of surrounding properties. We 

conducted similar interviews of assessors in 26 counties in Iowa, 8 counties in 

Minnesota, and 18 counties in Illinois. 

Q. You interviewed assessors in eight counties in South Dakota where there are 

more than 25 wind turbines.2 Why did you select these counties when there 
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are 12 counties that have operating wind turbines in the state of South 

Dakota? 

A. I chose to focus on wind farms that had more than 25 wind turbines to better match 

the scale of the up to 61-turbine Prevailing Wind Park Project both in number of 

turbines and project footprint. 

The sizes of the wind farms in the 12 counties in South Dakota with wind turbines 

vary greatly. Two of the 12 counties have just two wind turbines (Brule County) or 

three wind turbines (Miner County). Two other counties have wind farms that are 

half the size of my study threshold: Hand County has 10 turbines and Clark County 

has 11 turbines belonging to the Oak Tree Farm which was developed by an upper 

end Hunt Club and Inn. The Oak Tree Wind Farm is adjacent to their lodge, with 

meeting and wedding facilities. This is one of the more desirable if not the most 

valuable recreational facility in Clark County. I concluded that these wind farms 

were not good comparables to the Prevailing Wind Park Project because of their 

smaller sizes. 

That leaves eight counties with more than 25 wind turbines. As I noted, I included 

all eight of those counties in the South Dakota Assessors Survey contained in my 

Market Analysis. 

Q. Knowing that assessors do not have to be licensed as appraisers for their 

work, why do you think the assessors are nevertheless a meaningful source 

of information? 

A. While assessors may have less formal training than appraisers, they are required 

to complete specified property valuation training, and also have personal 

knowledge of the market in their area. A county assessor must obtain the Certified 

Appraiser Assessor designation from the South Dakota Department of Revenue.3 

To be eligible for this certification, they must have "at least one year of full-time 

2 Aurora County, Brookings County, Campbell County, Charles Mix County, Day County, Hyde County, 

McPherson County, and Jerauld County. 

3 SD Laws 10-3-1.1; SD Laws 10-3-1.2; SD Admin. Rules 64:02:01 :14. 
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experience in the assessing and appraising field, have completed and passed the 

required training prescribed in § 64:02:01 :16, and ha[ve] passed the certification 

examination."4 Assessors also have first-hand knowledge of property values in 

their communities. They receive input on factors influencing value and know of 

complaints from parties protesting the assessor's opinion of market value. As a 

result, assessors are a helpful source of information for my Market Analysis. 

Q. What were the results of your assessor surveys? 

A. The South Dakota assessors and all other assessors interviewed reported that 

there was no market evidence to support a negative impact on residential property 

values as a result of the development of and proximity to a wind farm: 

• In the past 18 months, two assessor's offices have experienced a real 

estate tax appeal based upon wind farm-related concerns, but the appeals 

were denied by both counties, Aurora County and Campbell County. 

• There had been no reductions in assessed valuations due to proximity to 

wind turbines. 

• Residential assessed values had fluctuated consistently as influenced by 

market conditions, with no regard for proximity to a wind turbine. 

• Virtually all assessors volunteered that the wind farms provided positive 

economic benefits to their counties and, in fact, had a positive impact on 

real estate values overall. 

• County assessors consistently reported that whatever initial concern there 

may have been regarding property values during the planning and approval 

stages of the various wind farms, it dissipated after the wind farm was 

constructed. Further, county assessors repeatedly stated that county 

revenues and revenues to individual farms outweighed any initial concerns 

that residents had about the wind farms adjoining their communities. 

4 SD Admin. Rules 64:02:01 :05. 
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Q. Please explain why you believe that sales and assessor data from 

Minnesota, Iowa and Illinois are relevant to the issue of whether the Project 

may impact property values in South Dakota. 

A. The wind farm areas I studied in Minnesota, Iowa, and Illinois are relevant to 

evaluating the potential impact of wind farms on property values in the Project area 

for several reasons. First, the areas are all in high wind areas and have similar 

agricultural economies (corn, soybeans, and livestock, including cattle, hogs, and 

poultry), similar demographics, and similarly low density (small acreage) rural 

residential properties. In these areas, rural land values are largely driven by 

productivity and many farmers are economically struggling. Second, the market 

participants (buyers) for agricultural land are similar in these areas, primarily local 

farmers and national investors. Third, the local economies are driven by the 

positive or negative of climate and economy for agricultural products. Fourth, the 

infrastructure is generally aged and school districts in particular are struggling to 

fund existing infrastructure, add quality teachers, and add new technology, which 

makes the areas less desirable to new residents. Fifth, there is low economic job 

potential in these areas and the best and brightest are not returning after high 

school, because of lack of infrastructure, area amenities, and limited job 

possibilities. 

Q. Based on your analysis, what conclusions did you reach? 

A. As detailed in my Market Analysis, I concluded that there was no market data 

indicating the Project would have a negative impact on either rural residential or 

agricultural property values in the area surrounding the Project. Further, market 

data from South Dakota, as well as from other states, supports the conclusion that 

the project will not have a negative impact on rural residential or agricultural 

property values in the surrounding area. In addition, for agricultural properties that 

host turbines, the additional income from the wind lease may increase the value 

and marketability of those properties. These conclusions are further supported by 

relevant peer-reviewed literature, as well as by my own decades of experience, my 

12 

 
015258



Exhibit A15

Page 13 of 19

recent work on similar issues in South Dakota. and the work done on behalf of the 

Commission's Staff by Mr. Lawrence in a recent proceeding. 

l will address my review of the relevant peer-reviewed literature next, and then the 

recent work Mr. Lawrence did in connection with wind farm projects before the 

Commission. 

IV. PEER-REVIEWED LARGE-SCALE STUDIES 

Q. The Application and the Market Analysis include a discussion of peer

reviewed studies, including the Lawrence Berkeley National Laboratory 

('1LBNL") studies. Can you please provide additional details regarding the 

LBN L studies? 

A. The 2009 and 2013 LBNL studies are included in Appendices P and Q of the 

Application.5 LBNL is a member of the national laboratory system supported by the 

U.S. Department of Energy through its Office of Science. It is managed by the 

University of California and is charged with conducting unclassified research 

across a wide range of scientific disciplines. LBNL conducted regression studies 

on a nationwide basis i_n 2009 and 2013 to study the potential effects of the 

proximity of wind turbines on property values. 

Q. What methodologies did the LBNL Studies employ? 

A. The 2009 study included an analysis of 7,489 sales within 10 miles of 11 wind 

farms and 125 post-construction sales within one mile of a wind turbine. The 2009 

study used rural settings and wind farms with more than 50 turbines. The 2013 

study included 51,276 sales located in nine states and proximate to 67 wind farms, 

and 376 post-construction sales within one mile of a wind turbine. Like the 2009 

study, all were located in rural settings and near wind farms of more than 50 

turbines. The 2013 study "used a number of sophisticated techniques to control for 

5 Ernest Orlando Lawrence Berkeley National Laboratory, The Impact of Wind Power Projects on 
Residential Property Values in the United States: A Multi-Site Hedonic Analysis (December 2009) and 
Ernest Orlando Lawrence Berkeley National Laboratory, A Spatial Heclonic Analysis of the Effects of 
Wind Energy Facilities on Surrounding Property Values in the United States (August 2013). 
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other potential impacts on home prices, including collecting data that spanned well 

before the wind facilities' development was announced to after they were 

constructed and operating. This allowed the researchers to control for any pre

existing differences in home sales prices across their sample and any changes that 

occurred due to the housing bubble."6 

Q. Please discuss the conclusions of the LBNL Studies. 

A. Neither study found statistical evidence that home values near wind turbines were 

affected. Specifically, with respect to the 2013 study, LBNL states that "[t]his 

study, the most comprehensive to-date, builds on both the previous Berkeley Lab 

study as well as a number of other academic and published United States studies, 

which also generally find no measureable impacts near operating turbines."1 

Q. Do you agree with the conclusions of the LBNL Studies? 

A. Yes. The studies found no statistically significant relationship between wind 

turbines and property value, which is consistent with my conclusions noted above. 

Q. Are there any other peer-reviewed studies that conclude that there is no 

significant evidence of negative impact on property values from wind 

turbines? 

A. Yes. There are several studies that, combined, reviewed more than 2,500 

transactions within one mile of operating turbines. They all found no evidence of 

value impact. 

Q. Please describe these other studies. 

A. The studies I was referencing are summarized below: 

• The Municipal Property Assessment Corporation's ("MPAC") studies on the 

Impact of Industrial Wind Turbines on Residential Property Assessment in 

6 "No Evidence of Residential Property Value Impacts Near U.S. Wind Turbines, a New Berkeley Lab 
Study Finds" (August 27, 2013), http://newscenter.lbl.gov/2013/08/27/no-evidence-of-residential-property
value-impacts-near-us-wind-turbines-a-new-berkeley-lab-study-finds/. 

1 Id. 
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Ontario. This study was originally conducted in 2008 and updated in 2012 

("MPAC 2012") (attached as Exhibit 2) and 2016 ("MPAC 2016") (attached 

as Exhibit 3). The conclusions in both studies are similar: "there is no 

statistically significant impact on sale prices of residential properties in these 

market areas resulting from proximity to an IWT [Industrial Wind Turbine], 

when analyzing sale prices." Exhibit 2 at 6. Using 2,051 properties and 

generally accepted time adjustment techniques, MPAC "cannot conclude 

any loss in price due to the proximity of an IWT." Exhibit 2 at 30. Further, 

Appendix G of the MPAC 2012 study "Re-sale Analysis" states in the 

"Summary of Findings" that "MPAC's own re-sale analysis using a generally 

accepted methodology for time adjustment factors indicates no loss in price 

based on proximity to the nearest IWT." Exhibit 2 at 163 (Appendix G). 

• Corey Lang and James Opaluch (2013). Effects of Wind Turbines on 

Property Values in Rhode Island. Environmental and Natural Resource 

Economics, University of Rhode Island. (Attached as Exhibit 4). Structured 

similarly to the LBNL Studies, this study included 48,554 total sales 

proximate to 10 wind farms, and 412 post-construction sales within one mile 

of a turbine. These wind farms were mostly small facilities in urban settings. 

The study included nuisance and scenic vista stigmas. The report stated, 

"Both the whole sample analysis and the repeat sales analysis indicate that 

houses within a half mile had essentially no price change ... " after the 

turbines were erected. Exhibit 4 at 18. The study found no statistical 

evidence of a large, adverse effect of wind turbines on property values. 

• Richard J. Vyn and Ryan M. McCullough (2013). The Effects of Wind 

Turbines on Property Values in Ontario: Does Public Perception Match 

Empirical Evidence? University of Guelph, Canada. (Attached as Exhibit 

§). This study analyzed two wind farms in Melancthon Township, Ontario, 

Canada, using 5,414 total sales and 18 post-construction sales within one 

kilometer of a wind turbine. The study included nuisance and scenic vista 

stigmas. The study concluded that: "these results do not corroborate the 
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concerns regarding potential negative impacts of turbines on property 

values." Exhibit 5 at 2. 

Carol Atkinson-Palombo and Ben Hoen (2014). Relationship between Wind 

Turbines and Residential Property Values in Massachusetts. University of 

Connecticut and Lawrence Berkeley National Laboratory. (Attached as 

Exhibit 6). This study included 312,677 total sales proximate to 26 wind 

farms, and 1,503 post-construction sales within one mile of a wind turbine. 

These wind farms were located in urban settings and were primarily 

proximate to small wind farms. The study included wind turbines and other 

environmental amenities/disamenities (including beaches and open 

spaces/landfills, prisons, highways, and major roads) together, for nuisance 

stigma. "Although the study found the effects from a variety of negative 

features ... and positive features ... the study found no net effects due to 

the arrival of turbines." Exhibit 6 at 3. 

V. RELEVANT INFORMATION FROM RECENT WIND PROJECTS IN SOUTH 

DAKOTA BEFORE THE COMMISSION 

Q. Have you testified before the Commission regarding other wind projects in 

South Dakota? 

A. Yes. As noted above, I have performed analyses on the impact of wind farms on 

property values for multiple wind projects in South Dakota. For example, the 

Crocker (EL 17-055) and the Dakota Range (EL 18-003) proceedings. I offered 

testimony in both of those matters. My testimony, which was based on the in

depth analyses I performed, included my conclusion that there was no market 

evidence that proximity to a wind turbine adversely affected property values in 

those cases. My testimony in this case reaches the same conclusion and is 

supported by additional data. 

Q. Does the testimony offered by Mr. Lawrence in the Dakota Range proceeding 

align with your conclusions? 
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A. Yes. Mr. Lawrence filed testimony in June of 2018 that aligns with my conclusions. 

Specifically, Mr. Lawrence's research led him to conclude that, based on the 

evidence and research he had conducted, 

(1) "the evidence supports the presumption there have been no adverse 

effects on the selling price of rural residential properties in proximity to a 

wind tower, turbine or wind project," Exhibit 7 at 5; and 

(2) "the research supports the presumption there have been no adverse 

effects on the selling price of agricultural properties in proximity to and 

within the boundaries of the property with a wind tower." Exhibit 7 at 6. 

While Mr. Lawrence points out that additional research could be performed that 

would incorporate additional sales, his work, along with mine, demonstrate that 

anecdotes and/or similar assertions that wind projects decrease the value of 

nearby properties do not withstand scrutiny and are unsupported by data. 

Mr. Lawrence's work also helped to demonstrate that allegations that the values of 

rural residential properties within the viewshed of a wind project are negatively 

affected are not supported by the data. The Rural Residential Transaction 

Summary Table at Exhibit 1 to Mr. Lawrence's testimony (which is attached as 

Exhibit 7 to my testimony) showed that seeing and/or hearing wind turbines does 

not reduce nearby properties' values: 

17 
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····-·······- .... . .. ······- -··-··-· ··-··-·"--·~-----···-·--·--··· ·--··· 

Rural Residential Transadkln SLiminaryTQle : 

Physical 
Interview Sales 

Consistem::y of 
Transaction Property Evidence Evidence Evidence 

Sale Evidence with Overall 
Reference Type of 

of Effects of Effects 
Interview Conclusion 

Effects Evidence 

Rural 
No 

BK1 Yes None None Consistent measurable 
Residential 

effects 

Rural 
No 

BK1 Yes None None Consistent measurable 
Residential 

effects 

Rural 
No 

BKJ Yes None None Consistent measurable 
Residential 

effects 

Rural 
No 

BK4 Yes None Nooe Consistent measurable 
Residential 

effects 

Rural 
No 

Bl<S *None• None None Consistent measurable 
Residential 

effects 

Rural 
No 

BK7 Yes None None Consistent measurable· 
Residential 

effects 
••Turblnas ware not In operation during tl'la site visit of BKS. Winds 11,:ht and variable • .. 

Likewise, Mr. Lawrence's work on agricultural properties suggests that the value of 

properties proximate to wind farms is not decreased and that the value of 

properties that host turbines is likely increased. See Exhibit 7 at 5-6. There is no 

data that supports the opposite conclusion. 

VI. CONCLUSION 

Q. Do you have any concluding remarks? 

A. Yes. Having studied the potential impacts of wind farm projects on properties in 

South Dakota and across the Midwest, the data consistently shows that property 

values are not negatively impacted by proximate wind farm projects. As set forth 

above and in my Market Analysis, sales data, interviews with market participants, 

real estate professionals and assessors, peer-reviewed literature, and testimony 

on behalf of Commission Staff all consistently support the conclusion that there is 
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no record evidence to support a conclusion that proximity to wind turbines 

negatively affect proximate rural residential or agricultural property values. 

Q. Does this conclude your Supplemental Direct Testimony? 

A. Yes. 

Dated this 10th day of August, 2018. 

~~----
Michael MaRous 
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Minneapolis, Minnesota 55402 

Attention: Ms. Lisa Agrimonti, Attorney at Law 

Subject: Market Impact Analysis 

Proposed Prevailing Wind Park 
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Bon Homme County, Charles Mix County, and Hutchinson County, South Dakota 

Dear Ms. Agrimonti, 

In accordance with your request, the proposal to develop a wind farm in Bon Homme County, Charles 

Mix County, and Hutchinson County, South Dakota, has been analyzed and this market impact analysis 

has been prepared. 

MaRous & Company has conducted similar market impact analyses and studies for a variety of clients 

and for a number of different proposed developments over the last 30 years. Clients have ranged from 

municipalities, counties, and school districts, to corporations, developers, and citizen's groups. Energy

related projects that MaRous & Company has worked on include the Deuel Winds Wind Farm in Deuel 

County, the Dakota Range Wind Project in Codington County and Grant County, and the Crocker Wind 

Farm in Clark County, all in South Dakota; the Grand Ridge V and Otter Creek Wind Farms in LaSalle 

County, the Pleasant Ridge Wind Farm in Livingston County, the Walnut Ridge Wind Farm in Bureau 

County, the McLean County Wind Farm in McLean County, and the Twin Forks Wind Farm, in Macon 

County, all in Illinois; the Freeborn County Wind Farm in Freeborn County, Minnesota; the Ida II Wind 

Fann in Ida County, the Palo Alto County Wind Farm in Palo Alto County, both in Iowa; the Orangeville 

Wind Farm in Wyoming County, New York; the Dorchester County Solar Farms in Dorchester County, 

Maryland; and the Badger Hollow Solar Farm in Iowa County, Wisconsin; and proposed natural gas-fired 

electric plants in various locations. Some of the other types of proposals that MaRous & Company has 

analyzed include: commercial developments such as shopping centers and big-box retail facilities; 

religious facilities such as mosques and mega-churches; residential developments such as high-density 

multifamily and congregate-care buildings and large single-family subdivisions; recreational uses.such as 

skate parks and lighted high school athletic fields; and industrial uses such as waste transfer stations, 

land-fills, and quarries. 

In addition to this experience, MaRous & Company has appraised a variety of properties in the large 

market area of the proposed project in South Dakota, in North Dakota, in Iowa, and in Minnesota in the 

last 3 years, including: industrial facilities, food processing plants, and warehouse and distribution 

facilities ranging in size from 50,000 to 1,000,000 square feet, and more than 20 major retail facilities. 

300 SOUTH NORTHWEST HIGHWAY • SUITE 204 • PARK RIDGE. ILLINOIS 60068 
(847] 384-2030 • FAX (847) 692-5498 • www.morous.com 
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Purpose and Intended Use of the Study 
 
The purpose of this appraisal assignment is to analyze the potential impact, if any, on the value of the 

surrounding rural residential and agricultural properties due to the development of the proposed wind 

farm. Specifically, this study is designed to address the question of whether the development of the 

proposed wind farm will have an effect on the value of residential uses and/or agricultural land in 

proximity to the turbines. Any other use or user of this report is considered to be unintended. 
 

Executive Summary 
 
As a result of the market impact analysis undertaken, I concluded that there is no market data indicating 

the project will have a negative impact on either rural residential or agricultural property values in the 

surrounding area. Further, market data from South Dakota, as well as from other states, supports the 

conclusion that the project will not have a negative impact on rural residential or agricultural property 

values in the surrounding area. Finally, for agricultural properties that host turbines, the additional income 

from the wind lease may increase the value and marketability of those properties. These conclusions are 

based on the following:  

- The proposed use will meet or exceed all the required development and operating standards; 
- Controls are in place to insure on-going compliance; 
- There are significant financial benefits to the local economy and to the local taxing bodies from 

the development of the proposed wind farm; 

- The proposed wind farm will create well-paid jobs in the area which will benefit overall market 
demand; 

- An analysis of recent residential sales proximate to existing wind farms, which includes 
residential sales within five times turbine tip height, did not support any finding that proximity to 
a wind turbine had any impact on property values; 

- An analysis of agricultural land values in the area and in other areas of the state with wind farms 
did not support any finding that the agricultural land values are negatively impacted by the 
proximity to wind turbines; 

- Studies indicate that wind turbine leases add value to agricultural land; 
- A survey of County Assessors in eight South Dakota counties in which wind farms are located 

determined that there was no market evidence to support a negative impact upon residential 
property values as a result of the development of and the proximity to a wind farm, and that there 
were no reductions in assessed valuations; 

- A survey of County Assessors in eight Minnesota counties in which wind farms are located 
determined that there was no market evidence to support a negative impact upon residential 
property values as a result of the development of and the proximity to a wind farm, and that there 
were no reductions in assessed valuations; 
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- A survey of County Assessors in 26 Iowa counties in which wind farms are located determined 
that there was no market evidence to support a negative impact upon residential property values 
as a result of the development of and the proximity to a wind farm, and that there were no 
reductions in assessed valuations; and 

- A survey of County Assessors in 18 Illinois counties in which wind farms are located determined 
that there was no market evidence to support a negative impact upon residential property values 
as a result of the development of and the proximity to a wind farm, and that there were no 
reductions in assessed valuations.  

 

Definition of Market Value 
 

When discussing market value, the following definition is used: 

The most probable price a property should bring in a competitive and open market under all conditions 
requisite to a fair sale, the buyer and seller each acting prudently and knowledgeably, and assuming 
the price is not affected by undue stimulus. Implicit in this definition is the consummation of a sale as 
of a specified date and the passing of title from seller to buyer under conditions whereby: 

- Buyer and seller are typically motivated; 
- Both parties are well informed or well advised, and acting in what they consider their own best 

interests; 

- A reasonable time is allowed for exposure in the open market; 
- Payment is made in terms of cash in U.S. dollars or in terms of financial arrangements 

comparable thereto; and 

- The price represents the normal consideration for the property sold unaffected by special or 
creative financing or sales concessions granted by anyone associated with the sale.1 

 

Scope of Work and Reporting Process 
 

Information was gathered concerning the real estate market generally and the market of the area 
surrounding the proposed conditional use specifically. The uses in the surrounding area were considered. 
The following summarizes the actions taken: 

- Review of the applicable codes and/or regulations and/or other public documents for Bon Homme 
County, Charles Mix County, and Hutchinson County on wind energy; 

- Review of the Application to the South Dakota Public Utilities Commission for Facility Permit 
for the proposed Prevailing Wind Park, LLC, including associated appendices; 

- Direct Testimony and Resumes of Expert Witnesses: 
 James Damon 
 Bridget Canty 
 Keith Thorstad 
 Aaron Anderson 
 Chris Howell 

                                                      
1 (12 C.F.R. Part 34.42(g); 55 Federal Register 34696, August 24, 1990, as amended at 57 Federal Register 12202, 
April 9, 1992; 59 Federal Register 29499, June 7, 1994) 
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- Review of the demographics in the area of the proposed wind farm; 
- Data on the general market area of the proposed wind farm, and on the other areas in South 

Dakota and/or Bon Homme County, Charles Mix County, and Hutchinson County in which 
existing wind farms are located; 

- Data on the market for single-family houses in the immediate area of the proposed wind farm and 
from other areas in the county from public sources, and from the Bon Homme County, Charles 
Mix County, and Hutchinson County public records, and public records from nine other counties 
in South Dakota2; 

- Local real estate professionals were interviewed concerning recent sales in the area, local market 
conditions, and the impact of wind turbines on property values in the area; 

- Properties used for development of the matched pairs were physically inspected on the exterior, 
and photographs of the interiors were reviewed where available; 

- Inspections were performed of the subject area and the areas in nearby counties with existing 
wind farms by Michael S. MaRous on June 14, 2018. As well as inspections of Clark County by 
Michael S. MaRous on April 5-6, 2018, inspections of Codington County and Grant County by 
Michael S. MaRous and Joseph M. MaRous on February 18-19, 2018, and inspections of Deuel 
County by Michael S. MaRous on October 4-5, 2017. 

 

This document is considered to conform to the requirements of the Uniform Standards of Professional 

Appraisal Practice and Advisory Opinions (USPAP). This letter is a brief recapitulation of the appraisal 

data, analyses, and conclusions; additional supporting documentation is retained in the MaRous and 

Company office file. There are no extraordinary assumptions or hypothetical conditions included in the 

market study. 
 

In order to form a judgment concerning the potential impact, if any, on the value of the surrounding 

residential properties of the approval of the conditional use for the proposed wind farm, I have considered 

the following: 

- The character and the value of the residential and agricultural properties in the general area of the 
proposed wind farm; 

- Agricultural land values in Bon Homme County, Charles Mix County, and Hutchinson County, 
and in other South Dakota counties in which wind farms are located; 

- Market trends for both residential and agricultural land up to the past 5 years; 
- The economic impact on the larger community by the approval of the conditional use as 

proposed; and 
- The impact on the value of the surrounding residential and agricultural properties by the approval 

of the proposed wind farm. 
 
 

                                                      
2 Deuel County, Clark County, Codington County, Grant County, Aurora County, Brookings County, Day County, Hyde County, and Jerauld 
County 
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Description of Area and Proposed Development Area Analysis3 
 

Bon Homme County is located in the southeast region of the state of South Dakota. The 2017 population 

for Bon Homme County was estimated to be 6,949 persons, down from 7,070 in 2010. The county 

population is situated in approximately 2,434 households as of 2017. The median household income was 

estimated to be $44,290. Of the total approximately 2,970 housing units in the county, 535 or 

approximately 18 percent are vacant. The median single-family house value was $89,813. 
 

The unemployment rate in Bon Homme County as of 2017 was 0.8 percent, and the median weekly 

household wage in 2017 was $791. 
 

Charles Mix County is located in the southeast region of the state of South Dakota. The 2017 population 

for Charles Mix County was estimated to be 9,508 persons, up from 9,129 in 2010. The county population 

is situated in approximately 3,417 households as of 2017. The median household income was estimated to 

be $38,242. Of the total approximately 3,995 housing units in the county, 579 or approximately 14.5 

percent are vacant. The median single-family house value was $87,929. 
 

The unemployment rate in Charles Mix County as of 2017 was 5.7 percent, and the median weekly 

household wage in 2017 was $683. 
 

Hutchinson County is located in the southeast region of the state of South Dakota. The 2017 population 

for Hutchinson County was estimated to be 7,412 persons, up from 7,343 in 2010. The county population 

is situated in approximately 3,007 households as of 2017. The median household income was estimated to 

be $45,305. Of the total approximately 3,462 housing units in the county, 454 or approximately 13.1 

percent are vacant. The median single-family house value was $90,101. 
 

The unemployment rate in Hutchinson County as of 2017 was 1.8 percent, and the median weekly 

household wage in 2017 was $809. 
 

The largest city in the southeast region of the state is Yankton, with 14,557 persons, and it is located 

approximately 30 miles southeast of the subject’s eastern border. The largest city in Bon Homme County 

is Springfield, with 1,938 persons, and it is located approximately 12 miles south of the subject’s southern 

border. The largest city in Charles Mix County is Wagner, with 1,482 persons, and it is located 

approximately 5.5 miles west of the subject’s western border. The largest city in Hutchinson County is 

Parkston, with 1,826 persons, and it is approximately 12 miles north of the subject’s northern border. 

Other nearby cities consist of Avon, which is located directly adjacent to the south of the project foot 

print, with 949 persons, and Tripp, which is located directly adjacent to the northeast of the project foot 

print, with 638 persons. 
                                                      
3 The demographic data included in this section of the report are taken from Site-to-do-Business, https://www.stdb.com. Unless otherwise 
indicated, the data is from 2017. 
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The proposed wind farm is located on the borders of Bon Homme County, Charles Mix County, and 

Hutchinson County, and will be in the townships of Choteau Creek, Lone Tree, Oak Hollow, Fair, and 

Northwest Bon Homme. A copy of a map of the proposed footprint of the wind farm is located in the 

addenda to this report. 

 
Like the majority of South Dakota, this area is primarily rural in nature. In addition to farms, there are 

single-family houses situated on either smaller lots or larger farmsteads. The following tables summarize 

recent sales of these types of residences in the general area of the proposed Prevailing Wind Park, and the 

census population of Avon, Scotland, and Wagner from 2000 to 2017. A map illustrating the location of 

each of these sales is included in the addenda to this market impact study. 
 

RECENT SINGLE‐FAMILY RESIDENTIAL SALES SUMMARY 
IN THE AREA NEAREST TO THE PROPOSED PREVAILING WIND PARK 

No. Location Sale Price 
Sale 
Date 

Distance to 
Proposed 
Wind Farm 
Footprint 

(Ft.) 

Site 
Size 

(Acres) 

Year 
Built 

Building 
Size      

(Sq. Ft.) 

Sale Price 
Per Sq. Ft. of 

Bldg. Area 
Incl. Land 

1 
312 Main St. N. 
Avon, South Dakota 

$104,000  11/17 6,600 0.19 1973 2,160 $48.15 

2 
411 2nd S. S.W. 
Wagner, South Dakota 

$105,000  11/17 35,640 0.26 1979 1,340 $78.36 

3 
311 Main St. N. 
Avon, South Dakota 

$110,000  5/17 6,600 0.27 1900 1,823 $60.34 

4 
416 3rd St. S.W. 
Wagner, South Dakota 

$112,000  5/17 37,540 0.25 1976 1,248 $89.74 

5 
128 Park St. N.E.  
Wagner, South Dakota 

$123,500  10/15 35,165 0.26 1930 2,390 $51.67 

6 
29672 394th Avenue.  
Wagner, South Dakota 

$150,000  7/17 40,020 1.00 1972 1,600 $93.75 

7 
29261 415th Ave. 
Scotland, South Dakota 

$160,000  9/16 25,870 5.00 1925 1,652 $96.85 

                  
 
 

POPULATION BY CENSUS YEAR  

   AVON, SOUTH DAKOTA  SCOTLAND, SOUTH DAKOTA  WAGNER, SOUTH DAKOTA 

Year 2000 2010 2017 2000 2010 2017 2000 2010 2017 

Population 1,063 991 949 1,462 1,238 1,189 3,394 3,309 3,385 
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Proposed Project 
 
The proposed project currently is expected to generate up to 219.6 megawatts from up to 61 wind 

turbines. The turbines will be the GE 3.8-137 model with an output of 3.83 megawatts each and will be 

approximately 586 feet (178.5 meters) to the top of the blade tip. The proposed project area is described 

in a map in the addenda to this market study. All turbines will be new, and none will be experimental or 

prototype equipment. The turbine specifications are described in the following table. 
 

The total cost is estimated to be $297,000,000 with a possible fluctuation of +/- 20 percent. Ancillary 

construction includes 16-foot to 36-foot-wide gravel-covered access roads, an underground electrical 

power collector system and communications lines, a collector substation that will increase voltage from 

34.5 kV to 115 kV, an interconnection switching station to send power across the Western Area Power 

Administration’s existing Utica Junction Substation, up to four meteorological towers, an operations and 

maintenance building, and temporary construction areas. Agreements with each county and with 

townships impacted will identify roads to be used and any terms for use of those roads by the project will 

require repairing of any damage caused by the project. All setback, noise, and shadow flicker standards 

for participants and nonparticipants will be met for each turbine. The specific setback, noise, and shadow 

flicker requirements are illustrated in the below table. 
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Turbine Model8 

Characteristic GE 3.8- 137 

ameplate capacity 3.83 MW 

Hub height 110 meters (36 l feet) 

Rotor diameter 137 meters ( 449 feet) 

Total height 178.5 +/- l meters 

(586 +/- 3 feet) 

Cut-in speedb 3 mis 

Rated speecf 12 mis 

Cut-out speedd 25 mis over 600s 

30 mis over 30s 

34 mis over 3s 

Rotor area 14,741 m2 

Rotor speed Variable - max is around 13.6 rpm 
(a) MW • megowau: m.ls • meters per second: m' • squnre meters: rpm • revolutions per minute 
(b) ut-in wind speed • wind speed at which turbine begins operation 
(c) Rn1ed speed = wind speed n1 which 1urbine reaches i1s ra1ed capnci1y 
(d) Cu1-ou1 wind speed O wind speed above which 1urbinc shu1s down opera1ion 
(e) High Wind Opem1ion package 
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Approximately 140 residential properties within the proposed project area are proximate to a proposed 

wind turbine. Below is a table summarizing the distances of the wind turbines to the nearby residential 

properties.  

Turbine Distances to Nearest Residential Properties Within the Project Area of 
Prevailing Wind Park 

    

Shortest Distance in Feet 1,556 

Furthest Distance in Feet 21,687 

Average Distance in Feet 5,522 
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Category Requirements/Commitments 

State Requirements 

Setback Turbine hall be et back at lea t 500 feet or 1.1 time the height of the tower, 
whichever is greater, from any surrounding property line (SDCL 43-13-24) . 

Bon Homme County Requirements3 

Setback (a) Di tance from currently occupied off-site re idences, bu ine and public 
buildings shall be not less than one thousand (1,000) feet. Distance from the residence 
of the landowner on who e property the tower(s) are erected shall be not le s than five 
hundred (500) feet or one point one ( 1.1) times the ystem height, whichever is 
greater. For the purpo e ofthi section only, the term "bu ine " doe not include 
agricu I tural uses. 

oise 

(b) Distance from right-of-way of public roads shall be not le than five hundred 
(500) feet or one point one (I . I) times the system height, whichever is greater. 

(c) Di tance from any property line hall be not le than five hundred (500) feet or 
one point one (I . I ) time the system height, whichever is greater, unles appropriate 
easement has been obtained from adjoining property owner. 

oise level produced by the LWES shall not exceed forty-five (45) dBA, a erage A
weighted sound pressure at inhabited dwelling existing at the time the permit 
application is filed, unless a signed waiver or easement is obtained from the owner of 
the dwell ing. 

The permittees hall submit a report of predicted noise levels at habitable residential 
dwelling within one mile ofpropo ed tower location to the Board no le than forty
five (45) day prior to commencing con truction. 

Voluntary Commitments in Charles Mix and Hutchinson Counties 

Setback (a) Di tance from currently occupied off- ite re idence , bu ine and public 

oi e 

building will be not le than I ,000 feet. Di tance from the re idence of the 
landowner on whose property the tower(s) are erected will be not less than 500 feet or 
I. I times the system height, whichever is greater. The term "business" does not 
include agricultural u es. 

(b) Distance from right-of-way of public roads will be not less than 500 feet or 1.1 
times the system height, whichever is greater. 

(c) Distance from any property line will be not less than 500 feet or I. I times the 
system height, whichever is greater, unless appropriate easement has been obtained 
from adjoining property owner. 

oi e level produced by the wind turbine will not exceed 45 dBA, average A
weighted sound pre sure at currently inhabited dwellings, unle s a signed waiver or 
ea ement i obtained from the owner of the dwelling. 

Shadow Flicker Commitment 

Shadow 
Flicker 

Shadow flicker produced by the wind turbines will not exceed 30 hours per year at 
currently inhabited dwellings of non-participant . 

(a) Bon Homme County, South Dakota, Zoning Ordinance (amended ovcmbcr 3, 2015) 
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Project Benefits 
 
Total direct economic benefits of the Prevailing Wind Park project are estimated to be approximately 

$60,000,000. These benefits will be generated by real estate taxes, annual payments to participating land 

owners, and good-neighbor agreements. In accordance with the State of South Dakota’s property 

assessment requirements for wind turbines, real estate tax benefits for the entire Prevailing Wind Park are 

estimated to be greater than $790,430 per year, or approximately $23,713,000 over 30 years, if the full 

capacity is constructed.  

 
Annual payments to participating landowners and good-neighbor agreements will add significantly to the 

local economy. Participating landowners will be receiving a share of more than $1,230,000 in annual 

payments, or approximately $37,000,000 over the entire life of the project. Additionally, the project will 

generate approximately 245 temporary construction jobs and is expected to create approximately 8 to 10 

permanent jobs when fully operational. Prevailing Wind Park, LLC anticipates that approximately 80 

percent of all the jobs created will be locally hired. 

 
When adding the annual tax revenue to the annual land rent payments, plus the permanent job revenue, 

the economic annual benefit due to the project could exceed $2,000,000. It is estimated that 41 acres of 

cropland and 4 acres of pasture land could be used for the wind farm, support facilities, and transmission 

lines. The lost cropland rent at an average of $190 per acre, could be less than $7,800 per year. The lost 

pasture land rent at an average of $64 per acre, could be less than $250 per year. Simply compared, the 

annual economic benefits of greater than $2,000,000 compared to lost crop/pasture land rents of 

approximately $8,050, is a substantial annual and long-term economic benefit to the area. 

 
Further direct impacts of the project will come from contributions to the community, such as donations to 

various local festivals and fairs in Avon and Bon Homme County, sponsoring a program booklet 

advertisement of local businesses for Czech Days in Tabor, and donating the Avon Little League 

scoreboard in Avon. Further indirect impacts from the construction of the project, including permits and 

construction jobs, as well as induced impacts from the increase in household spending also are 

anticipated. 
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Market Impact Analysis 
 
A market impact analysis is undertaken to develop an opinion as to whether the proposed wind farm will 

have an effect on the value of residential properties and/or agricultural land in proximity to the turbines. 

This analysis includes: 

- A matched pair analyzing the impact on value of residential properties proximate to a wind farm 

in Brookings County, South Dakota, as well as matched pairs developed in counties with similar 

demographics, land use, and economic characteristics, just east of this area in Minnesota, and in 

similarly rural counties in Iowa and Illinois; 

- The value of agricultural land in the southeast region of South Dakota in the areas with existing 
wind farms; 

- Interviews of local real estate professionals; 

- The results of a survey of assessors in South Dakota, Iowa, Minnesota, and Illinois with existing 

wind farms in their respective jurisdictions; and 

- The results of several academic and peer-reviewed studies of the impact of wind turbines on 

residential property values. 

 
Matched Pair Analysis 
 
A matched pair analysis is a methodology which analyzes the importance of a selected characteristic, in 

this instance proximity to a wind turbine, to the value of a property.4 This technique compares the sale of 

a property in proximity to the selected characteristic to the sale of a similar property in the same market 

area and under similar market conditions but without the proximity to the selected characteristic. 

 
It is difficult to find properties that are identical except for proximity to a wind turbine, and which also 

occurred under substantially similar market conditions, especially in rural areas. Many sales in the area 

also are conducted privately from family member to family member, or passed down from generation to 

generation, causing there to be a lack of sale information or, in most cases, the properties do not sell at 

full value. The research throughout Bon Homme County, Charles Mix County, and Hutchinson County 

indicated that there was a lack of sales proximate to wind turbines in any county. The most substantial 

sale data found in South Dakota from locations in the general market area of a wind farm, based on data 

research from the entire state, were residences proximate to the Buffalo Ridge Wind Farms in Brookings 

County.  

 

                                                      
4 See the discussion “Paired Sales Analysis” and “Sale/Resale Analysis” in Bell, Randall, MAI, Real Estate Damages, Applied Economics and 
Detrimental Conditions, Second Edition, Appraisal Institute, 2008, pages 25-27. The ideal is to review a sale and resale of a property in proximity 
to a selected characteristic, to compare it to a sale and resale of a similar property without such proximity, and to then analyze whether the 
proximity to the selected characteristic influenced the change in value. However, in rural areas it usually is not possible to find data for this type 
of “pure pair” analysis. 

Exhibit A15-1

Page 13 of 79r 1U1 l MAROUS 
~ &COMPANY  

015278



Ms. Lisa Agrimonti 
Proposed Prevailing Wind Park, LLC   
August 10, 2018 

 

14 
 

Due to the lack of sales data proximate to wind turbines in South Dakota, data from nearby states that 

have a stronger presence of wind turbines, similar demographics, similar economics, and similar 

agricultural characteristics, have been analyzed. 

 

Details of the sales included in this analysis are retained in the MaRous & Company office files; maps in 

the addenda to this report illustrate the location of the properties. Unless otherwise indicated, none of the 

purchasers in these transactions appear to own any other property in proximity, and none of the 

transactions appear to have a wind turbine lease associated with the property. 

 
South Dakota Analysis - Brookings County Matched Pair No. 1 
 
The Buffalo Ridge Wind Farms are located in Brookings County in the East-Central region of South 

Dakota and consist of 129 turbines that began commercial operations in 2009. Both phases I and II are 

located primarily in Brookings County. Phase I came online in 2009 with 24 turbines generating 

approximately 50.4 MW of power. Phase II was much larger, following the first phase the next year in 

2010 with 105 turbines generating approximately 210 MW of power. A property located at 21088 487th 

Avenue, Elkton, South Dakota, sold in October 2016 for $183,000. The nearest turbine is approximately 

1,028 feet to the south of this property. 

This property is compared with a similar property located at 5705 Rathum Loop, Brookings, South 

Dakota, that sold in June 2015, which is not located proximate to any wind turbines. The salient details of 

these two properties are summarized in the table below. 

 

The following aerial map illustrates the relationship of the 487th Avenue property to the closest wind 

turbines. 
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BROOKINGS COUNTY MATCHED PAIR NO. 1 

  

1A - Proximate to a Wind 
Turbine 

1B - Not Proximate to a Wind 
Turbine 

Address 
21088 487th Ave.  5705 Rathum Loop 
Elkton, SD 57026 Brookings, SD 57006 

Distance from Turbine  1,028 Feet N/A 

Sale Date October 14, 2016 June 5, 2015 

Sale Price $183,000 $142,000 

Sale Price/Sq. Ft. (A.G.)  $66.64  $68.33  

Year Built 2003 1973 

Building Size (Sq. Ft.) 2,746 2,078 

Lot Size (Acres) 8.00 0.49 

Style   
One-story, frame (vinyl)  One-story; frame (vinyl)  

5 bedrooms, 3 bath 3 bedrooms, 1 bath 

Basement Partial Crawlspace/Partially finished 

Utilities 

Central air;  Central air;  

Forced-air heat;  Forced-air heat;  

Well & septic Well & septic 

Other 
1-car attached garage           

patio, deck, utility buildings 

1-car attached garage;  
3-car detached garage;  

patio, deck, utility buildings 

      
 

 
 

 
 

21088 487th Avenue 
 
 
 
 
 
 
 
 
 
 
 

5705 Rathum Loop 
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Both the 487th Avenue property and the Rathum Loop property are ranch-style houses, however Rathum 

Loop appears to contain only three bedrooms, whereas 487th Avenue has five bedrooms. An upward 

adjustment of Rathum Loop for the superior building style of 487th Avenue is required. In the case of the 

Rathum Loop property, there are utility buildings, a detached three-car garage, and a one-car attached 

garage; however, the 487th Avenue property has a just one larger utility building and an attached one-car 

garage. A downward adjustment for the superior outbuildings of Rathum Loop is required. The 487th 

Avenue building is of newer construction and Rathum Loop is approximately 50 years old. Both 

properties are considered to be in normal condition by the Brookings County Assessor. An upward 

adjustment of Rathum Loop is required due to 487th Avenue’s newer vintage. An upward adjustment is 

made for the larger building size of the 487th Avenue property. The 487th Avenue property is also situated 

on a much larger lot than that of the Rathum Loop property requiring an upward adjustment; however, 

both lots are surrounded by agricultural and pasture land, which mitigates the size differential to some 

degree. The Rathum Loop property has a superior location to the 487th Street property due to its close 

proximity to the town of Brookings, requiring a downward adjustment. 
 
Considering the adjustments noted in the following table for the older vintage and smaller size of the 

Rathum Loop property and for the superior market conditions of the 487th Avenue property, the difference 

in the sale price does not support the conclusion that proximity to the wind turbines had a negative impact 

on the value of the 487th Avenue property.  

 

South Dakota Analysis - Brookings County Matched Pair No. 2 
 
A property located at 19824 478th Avenue, Toronto, South Dakota, sold in March 2011 for $235,000. The 

nearest turbine is approximately 1,548 feet to the northwest of this property. 
 
This property is compared with a similar property located at 20485 475th Avenue, Brookings, South 

Dakota, that sold in August 2016, which is not located proximate to any wind turbines. The salient details 

of these two properties are summarized in the table below. 
 
The following aerial map illustrates the relationship of the 478th Avenue property to the closest wind 

turbines. 

 

SALE 
NO.

ADDRESS
SALE 
DATE

YEAR 
BUILT

BUILDING 
SIZE

LOT 
SIZE

LOCATION STYLE BASEMENT UTILITIES
OUT-

BUILDINGS

1B
5705 Rathum Loop           
Brookings, South Dakota

+ + + + - + B B -

+

-

B

ADJUSTMENT GRID MATCHED PAIR NO. 1

Positive adjustment based on comparable being inferior in comparison to property #1A

Negative adjustment based on comparable being superior in comparison to property #1A

No adjustment necessary

Exhibit A15-1

Page 16 of 79r 1U1 l MAROUS 
~ &COMPANY  

015281



Ms. Lisa Agrimonti 
Proposed Prevailing Wind Park, LLC   
August 10, 2018 

 

17 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

BROOKINGS COUNTY MATCHED PAIR NO. 2 

  

2A - Proximate to a Wind 
Turbine 

2B - Not Proximate to a 
Wind Turbine 

Address 
19824 478th Ave.  20485 475th Ave.  

Toronto, SD 57268 Brookings, SD 57002 
Distance from Turbine  1,548 Feet N/A 

Sale Date March 14, 2011 August 10, 2016 

Sale Price $235,000 $300,000 

Sale Price/Sq. Ft. (A.G.)  $100.38  $129.53  

Year Built 1998 2016 

Building Size (Sq. Ft.) 2,341 2,316 

Lot Size (Acres) 9.50 19.10 

Style   
1.5-story, frame (stone/vinyl)  One-story; frame (vinyl)  

3 bedrooms, 1.2 bath 4 bedrooms, 3 bath 

Basement Partial Full 

Utilities 

Radiant floor heat;  Central air;  

Well & septic Geothermal heat; 

  Well & septic 

Other 
1-car attached garage              3-car attached garage            
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19824 478th Avenue 
 
 
 
 
 
 
 
 
 
 

20485 475th Avenue  
 
 
 
 
 

 
Although the 478th Avenue property is a 1.5-story house and the 475th Avenue property is a ranch-style 

house, the two houses are of equivalent size. In the case of the 475th Avenue property, there is an attached 

three-car garage, while the 478th Avenue property has an attached one-car garage. A downward 

adjustment for the superior outbuildings of 475th Avenue is required. The 475th Avenue building is of 

newer construction than 478th Avenue property. Both properties are considered to be in normal condition 

by the Brookings County Assessor. A downward adjustment of 475th Avenue is required for its newer 

vintage, as well as a downward adjustment of 475th Avenue for its superior market conditions. The 475th 

Avenue property is situated on a much larger lot than that of the 478th Avenue property requiring a 

downward adjustment; however, both lots are surrounded by agricultural and pasture land, which 

mitigates the size differential to some degree. The 475th Avenue property has a superior location to the 

478th Avenue property due to its close proximity to the town of Brookings, requiring a downward 

adjustment. 
 
Considering the adjustments noted in the following table for the newer vintage and superior market 

conditions of the 475th Avenue property, the difference in the sale price does not support the conclusion 

that proximity to the wind turbines had a negative impact on the value of the 478th Avenue property.  

SALE 
NO.

ADDRESS
SALE 
DATE

YEAR 
BUILT

BUILDING 
SIZE

LOT 
SIZE

LOCATION STYLE BASEMENT UTILITIES
OUT-

BUILDINGS

2B
20485 475th Ave.             
Brookings, South Dakota

- - B - - B - - -

+

-

B

Positive adjustment based on comparable being inferior in comparison to property #2A

Negative adjustment based on comparable being superior in comparison to property #2A

No adjustment necessary

ADJUSTMENT GRID MATCHED PAIR NO. 2
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South Dakota Analysis - Brookings County Matched Pair No. 3 
 
A property located at 20937 486th Avenue, Elkton, South Dakota, sold in December 2011 for $175,000. 

The nearest turbine is approximately 1,433 feet to the northeast of this property. 

 
This property is compared with a similar property located at 518 West 44th Street S, Brookings, South 

Dakota, that sold in October 2017, which is not located proximate to any wind turbines. The salient 

details of these two properties are summarized in the table below. 

 
The following aerial map illustrates the relationship of the 486th Avenue property to the closest wind 

turbines. 
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BROOKINGS COUNTY MATCHED PAIR NO. 3 

  

3A - Proximate to a Wind 
Turbine 

3B - Not Proximate to a 
Wind Turbine 

Address 
20937 486th Ave.  518 W. 44th St. S 
Elkton, SD 57026 Brookings, SD 57006 

Distance from Turbine  1,433 Feet N/A 

Sale Date December 1, 2011 October 9, 2017 

Sale Price $175,000 $175,900 

Sale Price/Sq. Ft. (A.G.)  $79.26  $104.70  

Year Built 1918 1990 

Building Size (Sq. Ft.) 2,208 1,680 

Lot Size (Acres) 14.28 4.55 

Style   
Two-story, frame (vinyl)  One-story; frame (vinyl)  

4 bedrooms, 2 bath 3 bedrooms, 2 bath 
Basement Partial Crawlspace 

Utilities 
Central air;  Central air;  

Forced-air heat;  Forced-air heat;  
Well & septic Well & septic 

Other 2-car attached garage           2-car detached garage           

      
 

 
 

20937 486th Avenue 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

518 W. 44th Street S 
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The 486th Avenue property is a two-story house and the 44th Street South property is a one-story house, 

and the 486th Avenue has an extra bedroom. The superior style and number of bedrooms of the 486th 

Avenue property requires an upward adjustment. In the case of the outbuildings, both properties have a 

two-car garage. The 44th Street South building is of newer construction than 486th Avenue property, 

which is 100 years old. Both properties are considered to be in normal condition by the Brookings County 

Assessor. A downward adjustment of 44th Street South is required for its newer vintage, as well as a 

downward adjustment of 44th Street South for its superior market conditions. The 486th Avenue property 

is situated on a much larger lot than that of the 44th Street South property requiring an upward adjustment; 

however, both lots are surrounded by agricultural and pasture land, which mitigates the size differential to 

some degree. 

 

Considering the adjustments noted in the following table for the newer vintage and superior market 

conditions of the 44th Street South property, the difference in the sale price does not support the 

conclusion that proximity to the wind turbines had a negative impact on the value of the 486th Avenue 

property.  

 

South Dakota Analysis - Brookings County Matched Pair No. 4 
 
A property located at 19636 475th Avenue, Toronto, South Dakota, sold in November 2013 for $530,000. 

The nearest turbine is approximately 2,309 feet to the southeast of this property. 

 
This property is compared with a similar property located at 46246 214th Street, Volga, South Dakota, that 

sold in December 2016, which is not located proximate to any wind turbines. The salient details of these 

two properties are summarized in the table below. 

 
The following aerial map illustrates the relationship of the 475th Avenue property to the closest wind 

turbines. 

SALE 
NO.

ADDRESS
SALE 
DATE

YEAR 
BUILT

BUILDING 
SIZE

LOT 
SIZE

LOCATION STYLE BASEMENT UTILITIES
OUT-

BUILDINGS

3B
518 W. 44th St. S.             
Brookings, South Dakota

- - + + B + + B B

+

-

B

Negative adjustment based on comparable being superior in comparison to property #3A

No adjustment necessary

ADJUSTMENT GRID MATCHED PAIR NO. 3

Positive adjustment based on comparable being inferior in comparison to property #3A
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BROOKINGS COUNTY MATCHED PAIR NO. 4 

  

4A - Proximate to a Wind 
Turbine 

4B - Not Proximate to a 
Wind Turbine 

Address 
19636 475th Avenue.  46246 214th Street. 
Toronto, SD 57268 Volga, SD 57071 

Distance from Turbine  2,309 Feet N/A 

Sale Date November 21, 2013 December 21, 2016 

Sale Price $530,000 $317,000 

Sale Price/Sq. Ft. (A.G.)  $151.60  $182.81  

Year Built 1989 2001 

Building Size (Sq. Ft.) 3,496 1,734 

Lot Size (Acres) 13.00 10.43 

Style   
One-story; frame (vinyl)  One-story; frame (vinyl)  

5 bedrooms, 3 bath 4 bedrooms, 3 bath 

Basement Partial Full 

Utilities 
Central air;  Central air;  

Forced-air heat;  Geothermal heat;  
Well & septic Well & septic 

Other 
3-car attached garage;  1-car attached garage;  

two commercial utility buildings;  2-car detached garage           
gazebo                    
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19636 475th Avenue 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

46246 214th Street  
 
 
 
 
Both the 475th Avenue property and the 214th Street property are one-story ranch style houses. In the case 

of the outbuildings, the 475th Avenue property is superior with two large commercial-style utility 

buildings and a three-car attached garage compared to the 214th Street property with a two-car detached 

garage and a one-car attached garage. The superiority of the 475th Avenue buildings requires an upward 

adjustment. The 214th Street building is of newer construction than 475th Avenue property. Both 

properties are considered to be in normal condition by the Brookings County Assessor. A downward 

adjustment of 214th Street is required for its newer vintage, as well as a downward adjustment of 214th 

Street for its superior market conditions. The 475th Avenue property is situated on a larger lot than that of 

the 214th Street property requiring an upward adjustment; however, both lots are surrounded by 

agricultural and pasture land, which mitigates the size differential to some degree.  

 

Considering the adjustments noted in the following table for the newer vintage and superior market 

conditions of the 214th Street property, the difference in the sale price does not support the conclusion that 

proximity to the wind turbines had a negative impact on the value of the 475th Avenue property.  

SALE 
NO.

ADDRESS
SALE 
DATE

YEAR 
BUILT

BUILDING 
SIZE

LOT 
SIZE

LOCATION STYLE BASEMENT UTILITIES
OUT-

BUILDINGS

4B
46246 214th St.                 
Volga, South Dakota

- - + + B B - - +

+

-

B No adjustment necessary

ADJUSTMENT GRID MATCHED PAIR NO. 4

Positive adjustment based on comparable being inferior in comparison to property #4A

Negative adjustment based on comparable being superior in comparison to property #4A
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South Dakota Analysis - Brookings County Matched Pair No. 5 
 
A property located at 48646 207th Street, Elkton, South Dakota, sold in March 2014 for $190,000. The 

nearest turbine is approximately 1,118 feet to the west of this property. 

 
This property is compared with a similar property located at 5705 Rathum Loop, Brookings, South 

Dakota, that sold in June 2015, which is not located proximate to any wind turbines. The salient details of 

these two properties are summarized in the table below. 

 
The following aerial map illustrates the relationship of the 207th Street property to the closest wind 

turbines. 
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BROOKINGS COUNTY MATCHED PAIR NO. 5 

  

5A - Proximate to a Wind 
Turbine 

5B - Not Proximate to a 
Wind Turbine 

Address 
48646 207th Street.  5705 Rathum Loop 

Elkton, SD 57026 Brookings, SD 57006 
Distance from Turbine  1,118 Feet N/A 

Sale Date March 26, 2014 June 5, 2015 

Sale Price $190,000 $142,000 

Sale Price/Sq. Ft. (A.G.)  $87.96  $68.33  

Year Built 1936 1973 

Building Size (Sq. Ft.) 2,160 2,078 

Lot Size (Acres) 6.95 0.49 

Style   
Two-story, frame (vinyl)  One-story; frame (vinyl)  

3 bedrooms, 3 bath 3 bedrooms, 1 bath 

Basement Partial Crawlspace/Partially finished 

Utilities 

Central air;  Central air; 

Forced-air heat;  Forced-air heat; 

Well & septic Well & septic 

Other 
1-car attached garage; 1-car attached garage; 
2-car detached garage 3-car detached garage; 

 patio, deck, utility buildings 
      

 
 

 
 
 
 
 
48646 207th Street  
 
 
 
 
 
 
 
 
 

 
5705 Rathum Loop  
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Although the 207th Street property is a two-story house and the Rathum Loop property is a ranch-style 

house, the two houses are of equivalent size. However, an upward adjustment to Rathum Loop is required 

for the superior building style of 207th Street property. In the case of the Rathum Loop property, there are 

utility buildings, a detached three-car garage, and a one-car attached garage. In comparison, the 207th 

Street property has an attached one-car garage and a detached two-car garage. A downward adjustment 

for the superior outbuildings of Rathum Loop is required. Although the Rathum Loop building is of 

newer construction, it is still approximately 50 years old. The 207th Street property is closer to 80 years 

old. Both properties are considered to be in normal condition by the Brookings County Assessor. A 

downward adjustment of Rathum Loop is required for its newer vintage, as well as a downward 

adjustment of Rathum Loop for its superior market conditions. The 207th Street property is situated on a 

much larger lot than that of the Rathum Loop property requiring an upward adjustment; however, both 

lots are surrounded by agricultural and pasture land, which mitigates the size differential to some degree. 

The Rathum Loop property has a superior location to the 207th Street property due to its close proximity 

to the town of Brookings, requiring a downward adjustment. 

 
Considering the adjustments noted in the following table for the newer vintage and superior market 

conditions, yet smaller lot size of the Rathum Loop property, the difference in the sale price does not 

support the conclusion that proximity to the wind turbines had a negative impact on the value of the 207th 

Street property.  

 

South Dakota Analysis - Brookings County Matched Pair No. 6 
 
A property located at 20922 485th Avenue, Elkton, South Dakota, sold in August 2010 for $180,000. The 

nearest turbine is approximately 1,959 feet to the south, as well as twelve other turbines within 

approximately a half mile to the east, of this property. 

 
This property is compared with a similar property located at 46464 218th Street, Volga, South Dakota, that 

sold in November 2014, which is not located proximate to any wind turbines. The salient details of these 

two properties are summarized in the table below. 

 

SALE 
NO.

ADDRESS
SALE 
DATE

YEAR 
BUILT

BUILDING 
SIZE

LOT 
SIZE

LOCATION STYLE BASEMENT UTILITIES
OUT-

BUILDINGS

5B
5705 Rathum Loop           
Brookings, South Dakota

- - B + - + B B -

+

-

B

ADJUSTMENT GRID MATCHED PAIR NO. 5

Positive adjustment based on comparable being inferior in comparison to property #5A

Negative adjustment based on comparable being superior in comparison to property #5A

No adjustment necessary
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The following aerial map illustrates the relationship of the 485th Avenue property to the closest wind 

turbines. 

 

BROOKINGS COUNTY MATCHED PAIR NO. 6 

  

6A - Proximate to a Wind 
Turbine 

6B - Not Proximate to a 
Wind Turbine 

Address 
20922 485th Avenue. 46464 218th Street. 

Elkton, SD 57026 Volga, SD 57071 
Distance from Turbine  1,959 Feet N/A 

Sale Date August 4, 2010 November 14, 2014 

Sale Price $180,000 $190,600 
Sale Price/Sq. Ft. (A.G.)  $107.14  $113.45  
Year Built 1992 1918 

Building Size (Sq. Ft.) 1,680 1,680 
Lot Size (Acres) 13.35 15.00 

Style   
One-story; frame (vinyl) Two-story; frame (vinyl) 

4 bedrooms, 2 bath 5 bedrooms, 2 bath 

Basement Partial Full 

Utilities 
Central air; Central air; 

Geothermal heat; Forced-air heat; 
Well & septic Well & septic 

Other 1-car attached garage           1-car detached garage           
      

Exhibit A15-1

Page 27 of 79

1' 
I 

I 

--L-m-------=--- I m==='-=----1._ -· m--m----

. , : , .: .20922 485th Avenue 

r 1U1 l MAROUS 
~ &COMPANY  

015292



Ms. Lisa Agrimonti 
Proposed Prevailing Wind Park, LLC   
August 10, 2018 

 

28 
 

 
 
 
 
 
20922 485th Avenue  
 
 
 
 
 
 
 
 
 
 

 
46464 218th Street  

 
 
 
 
The 218th Street property is a two-story house with five bedrooms and the 485th Avenue property is a one-

story ranch style house with four bedrooms. The superior style of the 218th Street property requires a 

downward adjustment. In the case of the outbuildings, both properties have a one-car garage. The 485th 

Avenue building is of newer construction than the 218th Street property, which is 100 years old. Both 

properties are considered to be in normal condition by the Brookings County Assessor. An upward 

adjustment of 218th Street is required for 485th Avenue’s newer vintage, as well as a downward 

adjustment of 218th Street for its superior market conditions. The 218th Street property is situated on a 

larger lot than that of the 485th Avenue property requiring an upward adjustment; however, both lots are 

surrounded by agricultural and pasture land, which mitigates the size differential to some degree.  

 
Considering the adjustments noted in the following table for the older vintage, yet superior market 

conditions of the 218th Street property, the difference in the sale price does not support the conclusion that 

proximity to the wind turbines had a negative impact on the value of the 485th Avenue property.  

 

SALE 
NO.

ADDRESS
SALE 
DATE

YEAR 
BUILT

BUILDING 
SIZE

LOT 
SIZE

LOCATION STYLE BASEMENT UTILITIES
OUT-

BUILDINGS

6B
46464 218th St.                 
Volga, South Dakota

- + B B B - - + B

+

-

B

Negative adjustment based on comparable being superior in comparison to property #7A

No adjustment necessary

ADJUSTMENT GRID MATCHED PAIR NO. 6

Positive adjustment based on comparable being inferior in comparison to property #7A
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Matched Pair Analysis- Minnesota, Iowa, and Illinois Counties 
 
In addition to analyzing sales in the subject project area, we have researched sales in proximity to several 

existing wind farms in rural areas of Minnesota, Iowa, and Illinois, due to the lack of data in South 

Dakota and similarity in land use to rural areas of the region, in order to discover whether residential 

property values in these areas were impacted by their locations. The following are the results of the most 

recent of these studies. Location adjustments were not considered for the matched pairs in Minnesota, 

Iowa, and Illinois. 

As with the Brookings County research, details of these sales are retained in the MaRous & Company 

office files; maps in the addenda to this report illustrate the location of these matched pairs. Unless 

otherwise indicated, none of the purchasers in these transactions appear to own any other property in 

proximity, and none of the transactions appear to have a wind turbine lease associated with the property. 

 
Minnesota Analysis - Freeborn County Matched Pair No. 1 
 
Freeborn County, Minnesota, is located north adjacent to central Iowa. Matched Pair No. 1 considers the 

sale of a property in the footprint of the Bent Tree Wind Farm in Freeborn County, which has been 

operational since February 2011. The house is located at 69525 305th Street, Hartland, sold in March 

2016. This house is approximately 2,375 feet from the nearest turbine; there are several turbines located 

to the south and southeast. 

 
This sale is compared with a similar property located at 70308 240th Street, Albert Lea, that sold in May 

2016. Wind turbines are visible from the house, but the turbines are more than 1.5 miles away. The 

location is very rural in nature. Market conditions are considered to be substantially similar at the dates of 

sale. The salient details of these two properties are summarized in the table below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exhibit A15-1

Page 29 of 79r 1U1 l MAROUS 
~ &COMPANY  

015294



Ms. Lisa Agrimonti 
Proposed Prevailing Wind Park, LLC   
August 10, 2018 

 

30 
 

FREEBORN COUNTY MATCHED PAIR NO. 1 

  

1A - Proximate to a 
Wind Turbine 

1B - Not Proximate to a 
Wind Turbine 

Address 
69525 305th Street. 70308 240th Street. 
Hartland, MN 56042 Albert Lea, MN 56007 

Distance from Turbine  2,375 (nearest) NA 

Sale Date March 31, 2016 May 16, 2016 

Sale Price $89,000 $100,000 

Sale Price/Sq. Ft. (A.G.)  $57.12  $61.80  

Year Built 1880 1925 

Building Size (Sq. Ft.) 1,558 1,618 

Lot Size (Acres) 5.51 4.01 

Style   
Farm house; frame (vinyl) Farm house; frame (vinyl) 
3 or 4 bedrooms, 2 bath 3 bedrooms, 2 bath 

Basement Full, unfinished Partial, unfinished 

Utilities 
No central air; Central air; 
propane heat; natural gas heat; 
Well & septic Well & septic 

Other 2-car detached garage; 2.5-car detached garage; 
deck, outbuildings deck, outbuildings 

        

 
 
 
 

 
69525 305th Street 

 
 
 
 
 
 
 
 
 
 
 
 
 

70308 240th Street 
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Both properties are older, farm-house style and of frame construction with vinyl siding. They are 
somewhat similar in size. However, the 240th Street house is superior to the 305th Street house in 
condition; it is classified by the Assessor as being in better condition and is described in the online listing 
as having been renovated recently. The 305th Street house does not have central air conditioning, and 
does not have natural gas available; however, the 240th Street house has both. Both the central air 

conditioning and the availability of natural gas are considered superior factors for 240th Street requiring a 
downward adjustment. An upward adjustment is made for the full basement of 305th Street compared to 
the partial basement of 240th Street. 

 
The house on 240th Street has a site size approximately 1.5 acres smaller than that of the 305th Street 
house. However, this is more than offset by its location on a hard-surface road, as well as the proximity to 
Interstate 90 access and to the city of Albert Lea. 

 

 
 

Iowa Analysis - Hancock County Matched Pair No. 1 
 
Hancock County is located in northern Iowa and is a largely rural county, primarily agricultural in nature. 

The county has two areas of wind turbines, the Hancock County wind farm in the southeast portion of 

Hancock County and the Crystal Lake Energy Center in the northwest portion of Hancock County. 

 
Crystal Lake I Wind Farm is located in Hancock County in north central Iowa and consists of 100 

turbines that began commercial operations in 2008. Phases II and III located primarily in Winnebago 

County, added another 80 and 44 turbines, respectively, and began operations in approximately 2009. A 

property located at 2685 Ford Avenue, Britt, sold in May 2016, for $155,400. The sale previously sold in 

October 2012 for $150,000. The nearest turbine is approximately 2,000 feet to the north and west of this 

property. 

 

 

 

 

 

SALE 
NO.

ADDRESS
SALE 
DATE

YEAR 
BUILT

BUILDING 
SIZE

LOT 
SIZE

LOCATION STYLE BASEMENT UTILITIES
OUT-

BUILDINGS

1B
70308 240th St.
Albert Lea, Minnesota

B - B B - B + - B

+

-

B

ADJUSTMENT GRID MATCHED PAIR NO. 1

Positive adjustment based on comparable being inferior in comparison to property #7A

Negative adjustment based on comparable being superior in comparison to property #7A

No adjustment necessary
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The following aerial map illustrates the relationship of the Ford Avenue property to the closest wind 

turbines. 
 

 
This property is compared with a similar property located at 2855 Taft Avenue that sold in December 

2014 and is not located proximate to any wind turbines. Market conditions between December 2014 and 

May 2016 are considered to have been stable to improving in this area of Iowa. The salient details of 

these two properties are summarized in the table below. 
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HANCOCK COUNTY MATCHED PAIR NO. 1 

  

1A - Proximate to a Wind 
Turbine 

1B - Not Proximate to a 
Wind Turbine 

Address 
2685 Ford Ave. 2855 Taft Ave. 
Britt, IA 50423 Garner, IA 50438 

Distance from Turbine  2,020 (nearest) NA 

Sale Date May 20, 2016 December 22, 2014 

Sale Price $155,400 $190,000 

Sale Price/Sq. Ft. (A.G.)  $81.62  $94.25  

Year Built 1959 1975 

Building Size (Sq. Ft.) 1,904 2,016 

Lot Size (Acres) 2.08 1.22 

Style   
Ranch; frame (metal siding) Split level; frame 

3 bedrooms, 2 bath 3 bedrooms, 2 bath 

Basement Full, finished None; slab 

Utilities 
Central air; In-wall air; 

Well & septic Electric heat; 
 Well & septic 

Other 
2-car attached garage; 2.5-car attached garage; 
1-car detached garage; patio, deck, utility buildings 

patio, porch, shed  
        

 

 
 
 
 
 
 

2685 Ford Avenue 
 
 
 
 
 
 
 

 

2855 Taft Avenue 
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Although the Ford Avenue property technically is a ranch-style house, and the Taft Avenue property is a 

split-level-style house, both properties have lower levels that comprise a family room and an additional 

room. An upward adjustment for the superior market condition of the Ford Avenue property is made. In 

the case of the Ford Avenue property, the additional lower-level room is a kitchen, and the basement 

square footage is not included in the building size and an upward adjustment is made for this feature. In 

the case of the Taft Avenue property, the lower level is not below grade, and the area, which includes a 

family room and a bedroom, is included in the square footage. The Taft Avenue building is of newer 

construction and a downward adjustment is made; however, the Ford Avenue property has been 

adequately maintained. Both properties are considered to be in normal condition by the Hancock County 

Assessor. An upward adjustment is made for the central air of Ford Avenue compared to the in-wall air 

conditioning of Taft Avenue. The Ford Avenue property is situated on a larger lot than that of the Taft 

Avenue property; however, both lots have wooded areas along the rear property line, which mitigate the 

size differential to a large degree. 

 
 
When the adjustments noted above for newer construction and the superior above-grade location of the 

second family room are made to the sale price of the Taft Avenue house, the two properties have 

essentially the same per square foot value. In other words, the higher per foot sales price for the Taft 

Avenue house is justified by its superior condition and location. Thus, the difference in the sale price does 

not support the conclusion that proximity to the wind turbines had a negative impact on the value of the 

Ford Avenue property. 

 

 

 

 

SALE 
NO.

ADDRESS
SALE 
DATE

YEAR 
BUILT

BUILDING 
SIZE

LOT 
SIZE

LOCATION STYLE BASEMENT UTILITIES
OUT-

BUILDINGS

1B
2855 Taft Ave.              
Garner, Iow a

+ - B B - + - + B

+

-

B

ADJUSTMENT GRID MATCHED PAIR NO. 1

Positive adjustment based on comparable being inferior in comparison to property #7A

Negative adjustment based on comparable being superior in comparison to property #7A

No adjustment necessary
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Illinois Analysis - Macon County Matched Pair No. 1 
 
Matched Pair #1 considers the recent sale of a property located at 8873 North Glasgow Road, 

Warrensburg, that is 1,855 feet from the nearest wind turbine located within the subject, the Twin Forks 

Wind Farm, with approximately four additional turbines visible from the property to the north and west.  
 

This sale is compared with a similar property located at 1511 Hunters View Drive, Mount Zion, that sold 

in June 2013. The location is in a suburban setting, but the area is still very rural in nature. The salient 

details of these two properties are summarized in the table below. 

 

MACON COUNTY MATCHED PAIR NO. 1 

  

1A - Proximate to a Wind 
Turbine 

1A - Prior Sale 
1B - Not Proximate to a 

Wind Turbine 

Address 
8873 North Glasgow Rd. 8873 North Glasgow Rd. 1511 Hunters View Dr. 
Warrensburg, IL 62573 Warrensburg, IL 62573 Mount Zion, IL 62549 

Distance from Turbine  1,855 (nearest) NA NA 

Sale Date June 12, 2017 March 25, 2014 June 31, 2013 

Sale Price $214,000 $184,000 $193,000 

Sale Price/Sq. Ft. (A.G.)  $124.35  $106.91  $91.90  

Year Built 2006 2006 2006 

Building Size (Sq. Ft.) 1,721 1,721 2,100 

Lot Size (Acres) 1.04 1.35 0.21 

Style   
1-story, frame (vinyl) 1-story, frame (vinyl) 2-story, frame (vinyl/brick) 
4 bedrooms, 2 bath 3 bedrooms, 2 bath 4 bedrooms; 2.1 bath 

Basement Full; partially finished Full; unfinished Full; finished 

Utilities 
Geothermal heat & cooling; Geothermal heat & cooling; Central Air; 

Well & septic Well & septic Forced-air heat;  
  Public Sewer 

Other 
2.5-car attached garage; 2.5-car attached garage; 3-car attached garage; 

front porch and deck front porch patio 
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8873 North Glasgow Road 
 
 
 
 
 
 
 
 

1511 Hunters View Drive 
 
 

 

 

 

The house at 8873 North Glasgow Road, is located approximately 8 miles northwest of Decatur, in a rural 

area. According to the Macon County Assessor’s records, this house previously sold in March 2014 for 

$184,000. This indicates an increase in value of approximately 16 percent during a period where 

residential sale prices generally were not increasing. There is no lease for a wind turbine on this property. 

According to the most recent selling broker, there was an issue with the well test; the yard was dug up to 

find the well and to treat the problem. The yard has since returned to normal condition. The broker also 

stated that the house is in excellent condition and showed very well. The sellers added a wrap-around 

deck and finished part of the basement to add a fourth bedroom. The seller was being relocated and was 

offered a low price for the relocation fee; the sellers put the house on the market on their own and were 

able to sell it almost immediately for greater than the asking price. The broker stated that the turbine 

being installed proximate to the property is a possible reason for the quick sale at a higher price, which 

indicates that having a turbine close to this property potentially had a positive effect on the sale. 

 
The house on Hunters View Drive, has a similar, rural location, yet is situated in a suburban setting, and 

is approximately 4 miles south of Decatur. Although this house sits on a smaller lot than the Glasgow 

Road property, this is offset by the extra bedroom and by the second floor. The property is not near a 

wind farm. 
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The comparison will be made to the March 2014 date of sale because it is most similar in time to the sale 

date of the Hunters View Drive property. 

 
 Road property. Downward adjustments are made for the superior building size of the Hunters View 

Drive property. When the adjustments noted above are made to the sale price of the Glasgow Road house, 

the two properties have essentially the same per square foot value. Therefore, although the Hunters View 

Drive house is larger, the higher per foot sales price for the Glasgow Road house is justified by its 

superior condition and amenities, and its larger lot size. Thus, the difference in the sales price does not 

support the conclusion that there is any diminution in value resulting from the proximity of the Glasgow 

Road property to wind turbines. This is further supported by the subsequent sale of the Glasgow Road 

property, at which time the 2017 sale price increased by $17.44 per square foot over the 2014 sale price. 

the 2017 sale price increased by $17.44 per square foot over the 2014 sale price. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SALE 
NO.

ADDRESS
SALE 
DATE

YEAR 
BUILT

BUILDING 
SIZE

LOT 
SIZE

LOCATION STYLE BASEMENT UTILITIES
OUT-

BUILDINGS

1B
1511 Hunters View  Drive 
Mount Zion, Illinois

+ B - + - B B + B

+

-

B

Positive adjustment based on comparable being inferior in comparison to property #7A

Negative adjustment based on comparable being superior in comparison to property #7A

No adjustment necessary

ADJUSTMENT GRID MATCHED PAIR NO. 1
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Illinois Analysis - McLean County Matched Pair No. 1 
 

McLean County Matched Pair No. 1 considers the sale of a house located at 29394 E 850 North Road, 

Ellsworth, that sold in November 2015 for $207,000. This house is located approximately 1,865 feet from 

the nearest turbine, and there are several wind turbines visible to the north and east. The following 

photograph is of the wind turbines visible from the house, with the majority visible in the distance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This property is compared with a similar property located at 26298 E 1000 North Road, Downs, that sold 

in March 2015 for $220,000. This property is not located near wind turbines; however, there are some 

visible more than 1 mile to the east. Market conditions are considered to be similar. Both properties are 

situated in rural locations. The salient details of these two properties are summarized in the table below. 
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MCLEAN COUNTY MATCHED PAIR NO. 1 

  

1A - Proximate to a Wind 
Turbine 

1B - Not Proximate to a Wind 
Turbine 

Address 
29394 E 850 North Rd. 26298 E 1000 North Rd. 

Ellsworth, IL 61737 Downs, IL 61736 
Distance from Turbine  1,865 (nearest) N/A 

Sale Date November 17, 2015 March 11, 2015 

Sale Price $207,000 $220,000  

Sale Price/Sq. Ft. (A.G.)  $86.25  $82.71  

Year Built 1978 1978 

Building Size (Sq. Ft.) 2,400 2,660 

Lot Size (Acres) 1.70 2.49 

Style   
Two-story, frame (vinyl/brick) Two-story, frame (vinyl)  

4 bedrooms; 2 bath 4 bedrooms; 2 bath 

Basement Full, finished Full, finished 

Utilities 
Central air; Central air; 

 Propane heat;  Propane heat; 
 Well & septic  Well & septic 

Other 
2.-car detached garage; 2.5-car attached garage; 
patio, deck, small shed large storage shed 

        

 

 

 

 

 

 29394 E 850 North Road 

 

 

 

 

 

 

 

26298 E 1000 North Rd. 

 

 

 

Exhibit A15-1

Page 39 of 79r 1U1 l MAROUS 
~ &COMPANY  

015304



Ms. Lisa Agrimonti 
Proposed Prevailing Wind Park, LLC   
August 10, 2018 

 

40 
 

Both houses are of similar construction type, vintage, and size. Both had been updated recently, with the 

house at 29394 E 850 North Road having been updated more extensively than the other. Both have 

finished basements; however, basement build-out in the house at 26298 E 1000 North Road is not 

completely finished. The house at 26298 E 1000 North Road has a large shed with a drive-in door. The 

superior interior features and the larger shed are offset by the approximately ½-acre larger site size of the 

property at 26298 E 1000 North Road. Both houses are located on paved roads. 

 

 
 

The analysis of the sales at 29394 E 850 North Road and at 26298 E 1000 North Road does not support a 

finding that the proximity to the wind turbines had a negative impact on value. 

 
Illinois Analysis - McLean County Matched Pair No. 2 
 

McLean County Matched Pair No. 2 considers the sale of a house located at 25156 E 1400 North Road, 

Ellsworth, that sold in November 2015 for $196,000. This house is located approximately 2,210 feet from 

the nearest turbine, but there are several turbines proximate to the south, southeast, and southwest. 

 
The following photograph is of the wind turbines visible from the property. 

 

 

SALE 
NO.

ADDRESS
SALE 
DATE

YEAR 
BUILT

BUILDING 
SIZE

LOT 
SIZE

LOCATION STYLE BASEMENT UTILITIES
OUT-

BUILDINGS

1B
26298 E 1000 North Rd.    
Dow ns, Illinois B B B - B B B B -

+

-

B

ADJUSTMENT GRID MATCHED PAIR NO. 1

Positive adjustment based on comparable being inferior in comparison to property #7A

Negative adjustment based on comparable being superior in comparison to property #7A

No adjustment necessary
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This property is compared with a similar property located at 787 E 1300 North Road, Sibley, that sold in 

March 2015 for $125,000. This property is not located near wind turbines. Market conditions are 

considered to be similar. Although this property is located in Ford County, both properties have similar, 

rural locations. The salient details of these two properties are summarized in the table below. 

 

MCLEAN COUNTY MATCHED PAIR NO. 2 

  

2A - Proximate to a Wind 
Turbine 

2B - Not Proximate to a Wind 
Turbine 

Address 
25156 E 1400 North Rd. 787 E 1300 North Rd.  

Ellsworth, IL 61737 Sibley, IL 61773 
Distance from Turbine  2,210 (nearest) N/A 

Sale Date November 1, 2015 March 13, 2015 

Sale Price $196,000 $125,000  

Sale Price/Sq. Ft. (A.G.)  $66.58  $49.56  

Year Built 1890 1900 

Building Size (Sq. Ft.) 2,944 2,522 

Lot Size (Acres) 4.14 3.36 

Style   
1.5-story, frame (vinyl)  Two-story, frame (vinyl)  

4 bedrooms; 2 bath 4 bedrooms; 2 bath 

Basement Full, finished Full, partially finished 

Utilities 
Central air; Central air; 

 Propane heat;  Propane heat; 
 Well & septic  Well & septic 

Other 
1-car attached garage; 2.-car detached garage; 

porch; deck, large shed 
machine shop  
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    25156 E 1400 North Road 

 

 

 

 

 

 

 

787 E 1300 North Road 

 

 

 

 

Both houses are of similar construction type, vintage, and size. Both have been remodeled in the recent 

past. The E 1400 North Road house has a large freestanding garage/machine shed that has water and 

electricity, which is superior to the older shed on the site of the E 1300 North Road house. Also, the site 

size of the E 1400 North Road house is approximately ¾ acre larger than the E 1300 North Road house. 

Both factors are reflected in its higher sale price.  

 

 
 

The analysis of the sales at 25156 E 1400 North Road and 787 E 1300 North Road does not support a 

finding that the proximity to the wind turbines had a negative impact on value. 

 

 

 

 

SALE 
NO.

ADDRESS
SALE 
DATE

YEAR 
BUILT

BUILDING 
SIZE

LOT 
SIZE

LOCATION STYLE BASEMENT UTILITIES
OUT-

BUILDINGS

2B
787 E 1300 North Rd.        
Sibley, Illinois

B B + + B B B B B

+

-

B

Negative adjustment based on comparable being superior in comparison to property #7A

No adjustment necessary

ADJUSTMENT GRID MATCHED PAIR NO. 2

Positive adjustment based on comparable being inferior in comparison to property #7A
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Illinois Analysis - McLean County Matched Pair No. 3 
 
McLean County Matched Pair No. 3 considers the sale of a house located at 25017 E 1400 North Road, 

Ellsworth, that sold in September 2015 for $159,000. This house is located approximately 1,573 feet from 

the nearest turbine, and there are several turbines proximate to the south, southeast, and southwest.   

 
The following photograph is of the wind turbines visible from the property. 
 

 
 

This property is compared with a similar property located at 10837 Yankee Town Road, Farmer City, that 

sold in October 2016 for $134,000. This property is not located near wind turbines. Market conditions are 

considered to be slightly superior at the date of sale of this property. Although this house is located in 

DeWitt County, both properties have similar rural locations. The salient details of these two properties are 

summarized in the table below. 
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MCLEAN COUNTY MATCHED PAIR NO. 3 

  

3A - Proximate to a Wind 
Turbine 

3B - Not Proximate to a Wind 
Turbine 

Address 
25017 E 1400 North Rd. 10837 Yankee Town Rd.  

Ellsworth, IL 61737 Farmer City, IL 61842 
Distance from Turbine  1,573 (nearest) N/A 

Sale Date September 3, 2015 October 3, 2016 

Sale Price $159,000 $134,000  

Sale Price/Sq. Ft. (A.G.)  $81.45  $68.37  

Year Built 1880 1908 

Building Size (Sq. Ft.) 1,952 1,960 

Lot Size (Acres) 2.87 4.00 

Style   
Two-story, frame (vinyl)  Two-story, frame (vinyl)  

4 bedrooms; 2 bath 4 bedrooms; 2 bath 
Basement Full, finished Full, finished 

Utilities 
Central air; Central air; 

 Propane heat;  Propane heat; 
 Well & septic  Well & septic 

Other 
No separate garage; No separate garage; 

large shed with drive-in doors;  large shed with drive-in doors;  
other farm buildings other farm buildings 

        

 

 

 

 

    25017 E 1400 North Road 

 

 

 

10837 Yankee Town Road 

 

 

 

Exhibit A15-1

Page 44 of 79[M l MAROUS 
&COMPANY  

015309



Ms. Lisa Agrimonti 
Proposed Prevailing Wind Park, LLC   
August 10, 2018 

 

45 
 

Both houses are of similar construction type, vintage, and size. Both have been remodeled and updated. 

Neither property has a garage; both have large buildings with drive-in doors for cars and other equipment. 

Both properties have other farm buildings on the site. The Yankee Town Road house has a site that is 

approximately 1.25 acres larger than that of the E1400 North Road house. 

 
The analysis of the sales at 25017 E 1400 North Road and 10837 Yankee Town Road does not support a 

finding that the proximity to wind turbines had a negative impact on value. 
 

Matched Pair Analysis Conclusions 
 
Based on these matched pairs and sales/resales of properties proximate to wind turbines, there does not 

appear to have been any measurable negative impact on surrounding property values due to the proximity 

of a wind farm. 
 

Agricultural Land Values 
 
Agricultural land values are typically tied to the productivity of the land and to the commodity prices of 

crops like corn and soy beans. Other factors include favorable interest rates, and the supply of land 

compared to the number of buyers. The most recent “Ag Letter” for the 9th District, which includes South 

Dakota, and is published by the Federal Reserve of Minneapolis, indicated a modest 3 percent increase in 

agricultural land values after 3 years of mild downward year-over-year changes. 
 

The South Dakota Agricultural Land Trends 1991-2016 produced by South Dakota State University
5 

reported agricultural land values in Bon Homme County and Hutchinson County averaged $5,089 per 

acre in 2016, and $5,326 per acre in 2015. The reported land values in Charles Mix County averaged 

$4,563 per acre in 2016, and $4,580 per acre in 2015. A more recent survey covering the period between 

February 2016, and February 20176 land value in Bon Homme County and Hutchinson County averaged 

$5,427 per acre, and Charles Mix County averaged $4,425 per acre. The most likely buyer of agricultural 

land in South Dakota is an existing farmer or investor, with neighboring farmers paying higher prices than 

investors. The prognosis appears to be for stable land values. The following table and map illustrate 

overall average values as of February 1, 2017, by region. 
                                                      
5 https://igrow.org/up/resources/07-3007-2016.pdf 2016 SDSU South Dakota Farm Real Estate Survey 
6 https://igrow.org/up/resources/07-3007-2017.pdf 2017 SDSU South Dakota Farm Real Estate Survey 

SALE 
NO.

ADDRESS
SALE 
DATE

YEAR 
BUILT

BUILDING 
SIZE

LOT 
SIZE

LOCATION STYLE BASEMENT UTILITIES
OUT-

BUILDINGS

3B
10837 Yankee Tow n Rd.  
Farmer City, Illinois

- B B - B B B B B

+

-

B

ADJUSTMENT GRID MATCHED PAIR NO. 3

Positive adjustment based on comparable being inferior in comparison to property #7A

Negative adjustment based on comparable being superior in comparison to property #7A

No adjustment necessary
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NORTHWEST NORTH CENTRAL NORTH 

Crop $1,142 Crop $4,030 EAST 

Pasture $650 Pasture $1,914 Crop $4,654 
Pasture $2,089 

CENTRAL 
$3,291 EAST 
$2,011 CENTRAL 

Crop $6,160 
SOUTHWEST SOUTH Pasture $2,546 
Crop $1,427 CENTRAL 

Pasture $887 Crop $2,203 
Pasture $1,150 

Crop = all non-irrigated cropland including alfalfa 
Pasture = all grass land 

Table 3 . Average reported va lue and annual percentage change in value of South Dakota agr icu ltura l land by type of land by 
region, February 2013-2017. 

wt North South 
SoutheHt ,._ t al Northeast ,._ tr I Central ,._ tral Southwest Northw•t STATE 

Type of Lend ....,n r ....,n a .....,n -· Nonirrigated Cropland 

Average value, 2017 • $5,569 $6,160 $4,654 

Average value, 2016 $5,653 $6,116 $4,613 

Average value, 2015 $5,887 $6,329 $5,066 

Average value, 2014 $6,331 $7,114 $5,291 

Average value, 2013 $5,903 $6,828 $4,843 

Annual % d1ange 17/16 -1.5% 07% 0.9 % 

Pasture/ Rangeland .. 

Average value. 2017 • • $2,450 $2 ,546 $2,089 

Average value, 2016 $2,566 $2,781 $2,028 

Average value, 2015 $2,719 $2,727 $2,136 

Average value, 2014 $2,698 $2,861 $1,859 

Average value, 2013 $2,308 $2,765 $1,759 

Annual % d1ango 17/16 -4 .5% -85% 3.0 % 

Source 2017 and earlier South Dakota Farm Real Estate Market Surveys 
•cropland now includes all alfalfa acres 
• • 2017 pasture land variable has been rsdaf.nad and includes all grass acres 
Statewide average land values are based on 2002 land use we1gh1S 

r 1U1 l MAROUS 
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$4,030 

$4,177 

$4,275 

$4,614 

$4,562 

-3 ,5% 

$1,914 

$1 ,957 

$1,758 

$1,600 

$1,473 

-2 .2% 

$3,291 $2,203 $1,427 $1,142 $3,903 

$3,843 $2,168 $1,264 $1 ,187 $4,094 

$3,895 $2,283 $1,347 $1,193 $4,265 

$3,953 $2,087 $820 $870 $4,478 

$3,580 $1,994 $900 $792 $4,249 

-14.4% 1.6% 129% -3.8% -4 .7% 

$2,011 $1 , 150 $887 $650 $1,215 

$2,219 $1,330 $715 $760 $1,222 

$2,100 $1,338 $851 $630 $1,187 

$1,828 $1,187 $571 $436 $987 

$1,636 $994 $529 $444 $909 

-9.4% -135% 24.1% -14,5% -0.6 % 
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The following table summarizes a small sample size of most recent agricultural land sales larger than 70 

acres in the southeast region of South Dakota nearest to the proposed Prevailing Wind Park. There were 

limited recent agricultural land sales in Bon Homme County, Charles Mix County, or Hutchinson County. 

 
RECENT LAND SALES SUMMARY 

IN THE AREA NEAREST TO THE PROPOSED PREVAILING WIND PARK 

No. Location Sale Price 
Sale 
Date 

Land Area 
(Acres) 

NCCPIS* 
Sale Price 
Per Acre 

1 
297th St. & 430th Ave.                
Lesterville, South Dakota      

Land Sale #1 - 1 Parcel $100,651  3/14 73.19 34.2 $1,375.20 

2 
300th St. & 431st Ave.                
Lesterville, South Dakota      

Land Sale #2 - 2 Parcels $122,500  9/14 244.49 47.0 $501.04 

3 
298th St. & 431st Ave.                
Lesterville, South Dakota      

Land Sale #3 - 1 Parcel $790,000  4/15 153.18 34.7 $5,157.33 

4 
44221 SD Rte. 46                      
Irene, South Dakota      

Land Sale #3 - 1 Parcel $944,500  2/18 153.25 44.6 $6,163.13 
              

*National Commodity Crop Productivity Index - based on AcreValue.com GIS informational map. The NCCPI uses a scale of 0 to 100, with 0 having a 
lower productivity potential and 100 a higher potential. This scale was developed using soil chemical and physical properties, water availability, climate, 
and landscape values. The NCCPI has indexes for corn, wheat and cotton (USDA, 2008) 

Agricultural Land Sales and Wind Farms 
 
The above land sales reveal that the agricultural land near the area of the proposed project footprint is 

below average for the southeast region of South Dakota and adding wind turbines and land leases should 

only benefit the land prices and productivity. There was a lack of significant data to discover any sales of 

South Dakota farmland in which the transaction included a wind turbine, and upon closer inspection, the 

existing wind farms are located in fairly remote areas of the state with few or no residential houses within 

3 miles. However, there were a few sales in Freeborn County, Minnesota, which is home to the Bent Tree 

Wind Farm and has similar demographics to the Prevailing Wind Park. The following table summarizes 

the three sales in 2015 and 2016 of farmland with turbine leases. Although this survey is not exhaustive, it 

appears that the turbines may have had a positive impact on the sale price. 
 

 
 

Number 
of Sales

Range in Sale 
$/Acre

Average Sale 
$/Acre

Number 
of Sales

Range in Sale 
$/Acre

Average Sale 
$/Acre

Bent Tree Wind Farm 2 $7,011 to $9,502 $8,257 1 $7,011 $7,011
County Average $6,547 $6,416

AGRICULTURAL LAND VALUES WITH TURBINES - FREEBORN COUNTY

2015 2016
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Wind turbines typically are considered to be of significant benefit to farmers; Franklin County, Iowa 

reported lowering real estate taxes for the county as a whole because of the taxes generated by the wind 

turbines in that county. Support for good prices comes from the lack of land for sale, stable commodity 

prices, and low interest rates. Marginal land in areas where wind turbines are located or proposed is 

popular with investors.7 

 
Although there has been no study of the impact of wind turbines on agricultural land sales for South 

Dakota that I could discover, a report in Illinois, the 2016 Illinois Land Values and Lease Trends, 

indicated that the impact of wind turbine leases is being felt in McLean, Livingston, and Woodford 

counties, where turbine leases have provided “income diversification, beyond agriculture, which makes 

these tracts more attractive to an outside investor.”8 Further, they noted that “investors are still paying a 

little more of a premium for the wind turbines just as they had in the past few years.”9 The 2018 Illinois 

Farmland Values and Lease Trends states that, in the state of Illinois, agricultural land values have been 

stable to slightly down with an optimistic view that economic challenges of higher corn prices will be 

overcome by the greater production of the record setting harvests throughout 2016 to 2018.     

 
Overall, it appears that there is little or no relationship between agricultural land values and the location 

of wind farms, with productivity being the driving force behind land values. However, wind farm lease 

revenue does appear to add to the marketability and value. 

 
Real Estate Professionals 
 
Real estate professionals were contacted to discuss market conditions, specific market transactions, and to 

investigate whether they had experience with, or knowledge of any impact of wind farms on residential 

property values. Jim Aesoph of Aesoph Real Estate, Inc. is a broker with 27 years of experience in 

northeast South Dakota. MaRous and Company contacted Mr. Aesoph due to his highly regarded 

reputation in the region. He stated that he contacted the assessors of the adjacent Codington, Grant, and 

Roberts counties to discuss land prices in each respective county, and each of them informed Jim that they 

are not aware of any effect on land prices due to new wind projects in the area. He also stated that 5 years 

ago land prices were roughly $6,000 per acre, and now the average acre price is approximately $4,000. 

The reduction in land prices, he mentions, is not due to the wind project, but due to the production of corn 

on the land. 
 
 

                                                      
7 http://www.agriculture.com/farm-management/farm-land/farmland-sales-hard-to-find-as-growers-hold-tight-keeping-land-value Accessed 
September 18, 2017. 
8 Klein, David E., and Schnitkey, Gary, 2016 Illinois Land Values and Lease Trends, Illinois Society of Professional Farm Managers and Rural 
Appraisers, Page 38. 
9 Ibid. Page 42. 
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Interviews were conducted with six auctioneers throughout South Dakota. Marshall Hansen of Bob 

Hansen Auction stated that while turbines closer to home could possibly keep a buyer away, in areas of 

low population the development of turbines have a positive effect on the area. Mr. Hansen also stated that 

chemicals, such as insecticides, pose a larger impact on wildlife and gamebirds than turbines. Lenny 

Burlage of Burlage-Peterson Auctions stated that turbines do not negatively affect residential values but 

can affect each individual person differently. Jackson Hagerfeld of Advantage Land Company stated that 

he does see any impact on land from wind turbines, and the recent land sale prices are driven up by the 

limited amount of properties on the market. Jim Thorpe of Thorpe Realty & Auction stated that turbine 

leases have positively impacted landowners with turbines on their land. Mr. Thorpe also stated that he has 

noticed a movement of buyers from larger cities buying properties that are being sold off by the aging 

population that are moving out of the area. Jeff Juffer of Juffer Incorporated stated that from the existing 

turbines within the Beethoven Wind Farm footprint have not had any effect, positive or negative, on the 

local market. Mr. Juffer also states that Avon and the immediate surrounding area is lacking in industry 

and would benefit from an outside influence to attract businesses to the area. Lastly, Glen Peterson of 

Peterson Auctioneers states that in the past two years there has been a demand for land that is not 

dependent on if a turbine is on the land or not, which can be assumed that turbines do not affect land sales 

in any way, positively or negatively. 

 
Local real estate appraiser and auctioneer Gregg Hubner published a book that attempted to reveal the 

negative aspects of the wind industry. In summary, the book discusses his opinion on what is important to 

people living in the southeast region of South Dakota, and how wind turbines and the wind industry as a 

whole disrupt their way of life. 

 
Mr. Hubner attempts to prove why the wind industry is harmful by breaking down parts of energy acts 

instituted by congress. He accuses investors, such as Warren Buffett, of claiming wind is safe but then 

hiding dangerous facts in order to make money for themselves while hurting the local residents, as well as 

accusing the wind companies of being deceptive, “scamming” local residents, giving and taking bribes, 

and bringing in a non-local workforce from other parts of the country or other parts of the world. He 

unsuccessfully attempts to show that climate change is not real, which would mean that there is not a need 

for renewable energy sources, such as wind, and uses secondhand data that started at the Massachusetts 

Institute of Technology but was conservatively skewed by the only media source Mr. Hubner used 

throughout the book. He also attempts to use case studies and certain medical reports, in which most of 

these reports have been proven to be a form of pseudoscience, to explain environmental and health effects 

caused by proximity of turbines. Upon reading and performing a detailed fact checking of this book we 

find that there is no data in Mr. Hubner’s book that could prove any negative impact on market value of 

real estate caused by the proximity to wind turbines. 
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Rick Mummert of Ron Holton Real Estate reported that residential conditions in both Freeborn and 

Mower counties in Minnesota had been stable through the last 3 years, primarily due to the very rural 

nature of the area; however, the area is benefitting from the low interest rates. He reported that the 

Highway 14 corridor had experienced increases in residential values; in his opinion, the difference was 

due to the more developed nature of the area and the availability of jobs. 
 
Interviews with brokers proximate to wind farms in Illinois yielded similar results. Although a number of 

them wished to remain anonymous, they stated that they did not believe that the proximity to wind 

turbines had any bearing on the sale prices of residential properties in the area. 
 
Michael Crowley, Sr., SRA of Real Estate Consultants, Ltd., Spring Valley, Illinois, has had extensive 

experience with wind farm development in Central Illinois, including projects in Bureau, Whiteside, and 

Lee counties. Mr. Crowley has been unable to document any loss in property values attributable to the 

proximity of wind turbines. 

 

South Dakota Assessors Survey - November 2017 
 
 In November 2017, and updated in April 2018, my office conducted a survey of the supervisor of 

assessments or a deputy supervisor in eight counties in South Dakota in which wind farms with more than 

25 turbines currently are operational, and South Dakota has more than seven wind farms with a combine 

total of 400 wind turbines. As of 2016, the AWEA reported there were approximately 14 wind projects 

with a combined total of approximately 583 wind turbines in the state with additional farms being added 

each year. The interviews were intended to allow the assessment officials to share their experience 

regarding the wind farm(s) impact upon the market values and/or assessed values of surrounding 

properties. The detailed analysis is attached in the addenda at the end of this report. The following is a 

summary of the results of that survey:  

- Without exception, the interviewees reported that there was no market evidence to support a 

negative impact upon residential property values as a result of the development of and the 

proximity to a wind farm facility. In some counties, this results from the very rural nature of the 

area in which the projects are located; 

- In the past 5 years, the only assessor’s office to have experienced a real estate tax appeal based 

upon wind farm-related concerns was Aurora County, but the appeal was denied by the county. 

There have been no reductions in assessed valuations related to wind turbines; 

- As the available market data does not support the claim of a negative impact upon residential or 

agricultural values, residential and agricultural assessed values have fluctuated consistently 

within counties as influenced by market conditions, with no regard for proximity to a wind farm; 

- Virtually all assessors volunteered that the wind farms provided positive economic benefits to 

their counties and, in fact, had a positive impact on real estate values. 
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Iowa Assessors Survey - August/September 2017 
 
In August and September 2017 my office conducted a survey of the supervisor of assessments or a staff 

member in 26 counties in Iowa in which wind farms with more than 25 turbines currently are operational. 

As of 2016, the AWEA reported there were approximately 107 wind projects with a combined total of 

approximately 4,143 wind turbines in the state with additional farms being added each year. The 

interviews were intended to allow the assessment officials to share their experience regarding the wind 

farm(s) impact upon the market values and/or assessed values of surrounding properties. The following is 

a summary of the results of that survey:  

- Without exception, the interviewees reported that there was no market evidence to support a 

negative impact upon residential property values as a result of the development of and the 

proximity to a wind farm facility. In some counties, this results from the very rural nature of the 

area in which the projects are located; 

- In the past 18 months, the assessor’s offices have not experienced a real estate tax appeal based 

upon wind farm-related concerns. There have been no reductions in assessed valuations related to 

wind turbines; 

- As the available market data do not support the claim of a negative impact upon residential 

values, residential assessed values have fluctuated consistently within counties as influenced by 

market conditions, with no regard for proximity to a wind farm; 

- Virtually all assessors volunteered that the wind farms provided positive economic benefits to 

their counties and, in fact, had a positive impact on real estate values; 

- Agricultural properties are taxed based upon a productivity formula that is not impacted by 

market data and external influences. 

 
Minnesota Assessors Survey - January 2017 
 
 In late January 2017, my office conducted a survey of the supervisor of assessments or a deputy 

supervisor in eight Minnesota counties where large numbers of wind turbines currently are operational. 

There are several counties with small numbers of wind turbines that were not included in the survey. As 

of 2015, the AWEA reported there were approximately 97 wind projects with a combined total of 

approximately 2,400 wind turbines in the state with additional farms being added each year. The 

interviews were intended to allow the assessment officials to share their experience regarding the wind 

farm(s) impact upon the market values and/or assessed values of surrounding properties. The following is 

a summary of the results of that survey: 

- With one exception, the interviewees reported that there was no market evidence to support a 

finding that there has been a negative impact upon residential property values as a result of the 

development of and the proximity to a wind farm facility. In some counties, the assessors 

believed this to be the result of the very rural nature of the area in which the projects are located; 
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- The exception, the Dodge County Assessor, reported receiving two complaints from residential 

property owners regarding the value impact of proximity to wind turbines; however, the Assessor 

was unable to find data to support the contentions; 

- Without exception, where there was sufficient data to analyze, the County Assessors reported that 

both residential and agricultural assessed property values within the wind farm footprints have 

fluctuated consistently within counties as influenced by market conditions, with no regard for 

proximity to a wind farm. 

 
Bruce Nielson, Lincoln County Assessor reported a recent residential transaction in a township in which 

wind turbines are located that sold $70,000 higher than the assessor’s opinion of market value. 

 
Illinois Assessors Survey - Updated October 6 - 19, 2016 
 
In March 2015, and updated in October 2016, my office conducted a survey of the supervisor of 

assessments or a staff member in 18 counties in Illinois in which wind farms currently are operational. As 

of 2016, the AWEA reported there were approximately 48 wind projects with a combined total of 

approximately 2,579 wind turbines in the state with additional farms being added each year. The 

interviews were intended to allow the assessment officials to share their experience regarding the wind 

farm(s) impact upon the market values and/or assessed values of surrounding properties. The detailed 

analysis is attached in the addenda at the end of this report. The following is a summary of the results of 

that survey: 

- Without exception, the interviewees reported that there was no market evidence to support a 

negative impact upon residential property values as a result of the development of and the 

proximity to a wind farm facility. In some counties, this results from the very rural nature of the 

area in which the projects are located; 

- In the past 18 months, the assessor’s offices have not experienced a real estate tax appeal based 

upon wind farm-related concerns. There have been no reductions in assessed valuations related to 

wind turbines;10
 

- As the available market data do not support the claim of a negative impact upon residential 

values, residential assessed values have fluctuated consistently within counties as influenced by 

market conditions, with no regard for proximity to a wind farm; 

- Agricultural properties are taxed based upon a productivity formula that is not impacted by 

market data and external influences.

                                                      
10 A law suit was apparently filed in 2013 against the Supervisor of Assessments in Vermilion County by a homeowner proximate to wind 
turbines; however, there has been no further action on the matter. 
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Literature Review 
 
I am familiar with several academic and peer-reviewed studies of the impact of wind turbines on 

residential property values. There are no peer reviewed studies for the state of South Dakota, however the 

following studies are consistent with our findings in South Dakota.11 These are summarized below: 

 
Municipal Property Assessment Corporation (MPAC) Study, Ontario, Canada 

This study originally was conducted in 2008 and was updated in 2012 and 2016. The conclusions in all 

three studies are similar: “there is no statistically significant impact on sale prices of residential properties 

in these market areas resulting from proximity to an IWT [Industrial Wind Turbine], when analyzing sale 

prices.” (2012 Study, Page 5; emphasis in original) Using 2,051 properties and generally accepted time 

adjustment techniques, MPAC “cannot conclude any loss in price due to the proximity of an IWT.” (2012 

Study, Page 29) Further, Appendix G of the 2012 MPAC report “Re-sale Analysis” states in the 

“Summary of Findings” “MPAC’s own re-sale analysis using a generally accepted methodology for time 

adjustment factors indicates no loss in price based on proximity to the nearest IWT.” 

 
Lawrence Berkeley National Laboratory (LBNL) Studies, Nationwide, 2009, and 2013 

The 2009 study included analysis of 7,489 sales within 10 miles of 11 wind farms and 125 post- 

construction sales within 1 mile of a wind turbine. The study used rural settings and wind farms of more 

than 50 turbines, and considered area stigma, scenic vista sigma, and nuisance stigma in varying distances 

from a wind turbine. The 2013 LBNL study included 51,276 sales located in nine states and proximate to 

67 wind farms, and 376 post-construction sales within 1 mile of a wind turbine. Like the 2009 study, all 

were located in rural settings and near wind farms of more than 50 turbines. This study concentrated on 

nuisance stigma in varying distances from a wind turbine. The study found no statistically significant 

evidence that turbines affect sale prices. Neither study found statistical evidence that home values near 

turbines were affected. 

 
University of Rhode Island, Rhode Island, 2013 

Structured similarly to the LBNL studies, this study included 48,554 total sales proximate to 10 wind 

farms, and 412 post-construction sales within 1 mile of a turbine. These wind farms were mostly small 

facilities in urban settings. The study included nuisance and scenic vista stigmas. Page 421 of the report 

stated, “Both the whole sample analysis and the repeat sales analysis indicate that houses within a half 

mile had essentially no price change ...” after the turbines were erected. 

 
 

                                                      
11 Although I have read these studies, the substance of these summaries was taken from a seminar conducted by the Appraisal Institute on March 
5, 2015.  
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University of Guelph, Melancthon Township, Ontario, Canada, 2013 

This study analyzed two wind farms in the township, using 5,414 total sales and 18 post-construction 

sales within 1 kilometer of a wind turbine. The study included nuisance and scenic vista stigmas. Page 

365 of the study stated that “These results do not corroborate the concerns regarding potential negative 

impacts of turbines on property values.” 

University of Connecticut/LBNL, Massachusetts, 2014 

This study included 312,677 total sales proximate to 26 wind farms, and 1,503 post-construction sales 

within 1 mile of a wind turbine. These wind farms were located in urban settings and primarily were 

proximate to small wind farms. The study included wind turbines and other environmental 

amenities/disamenities (including beaches and open spaces/landfills, prisons, highways, major road, and 

transmission lines) together, for nuisance stigma. “Although the study found the effects from a variety of 

negative features ... and positive features ... the study found no net effects due to the arrival of turbines.” 

These studies had a combined number of 2,500 transactions within 1 mile of operating turbines and found 

no evidence of value impact. 
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Conclusions

As a result of the market impact analysis undertaken, I concluded that there is no market data indicating 

the project will have a negative impact on either rural residential or agricultural property values in the 

surrounding area. Further, market data from South Dakota, as well as other states, supports the conclusion 

that the project will not have a negative impact on rural residential or agricultural property values in the 

surrounding area. Finally, for agricultural properties that host turbines, the additional income from the 

wind lease may increase the value and marketability of those properties. These conclusions are based on 

the following: 

- The proposed use will meet or exceed all the required development and operating standards;
- Controls are in place to insure on-going compliance;
- There are significant financial benefits to the local economy and to the local taxing bodies from

the development of the proposed wind farm;

- The proposed wind farm will create well-paid jobs in the area which will benefit overall market
demand;

- An analysis of recent residential sales proximate to existing wind farms did not support any
finding that proximity to a wind turbine had a negative impact on property values;

- An analysis of agricultural land values in Iowa did not support any finding that agricultural land
values are negatively impacted by the proximity to wind turbines;

- Reports from Minnesota, Iowa, and Illinois indicate that wind turbine leases add value to
agricultural land; and

- A survey of County Assessors in 8 South Dakota counties, 26 Iowa counties, 8 Minnesota
counties, and 18 Illinois counties in which wind farms with more than 25 turbines are located
determined that there was no market evidence to support a negative impact upon residential
property values as a result of the development of and the proximity to a wind farm, and that there
were no reductions in assessed valuation.

This report is based on market conditions existing as of June 11, 2018. This market impact study has been 
prepared specifically for the use of the client and to potentially support an application to allow the 
development of the Prevailing Wind Park in Bon Homme County, Charles Mix County, & Hutchinson 
County, South Dakota. Any other use or user of this report is considered to be unintended. 

Respectfully submitted, 

MaRous & Company 

Michael S. MaRous, MAI, CRE 
South Dakota Certified General #1641-T-2018 (9/14/18 expiration) 

Illinois Certified General - #553.000141 (9/19 expiration) 
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I do hereby certify that: 

CERTIFICATE OF REPORT 

1. The statements of fact contained in this report are true and correct;

2. The reported analyses, opinions, and conclusions are limited only by the reported assumptions and limiting
conditions, and are my personal, impartial, and unbiased professional analyses, opinions, conclusions, and
recommendations:

3. I have no present or prospective personal interest in the property that is the subject of this report and no

personal interest with respect to the parties involved;

4. I have performed no services, as an appraiser or in any other capacity, regarding the property that is the
subject of this report within the three-year period immediately preceding acceptance of this assignment;

5. I have no bias with respect to the property that is the subject of the work under review or to the parties
involved with this assignment;

6. My engagement in this assignment was not contingent upon developing or reporting predetermined results;

7. My compensation for completing this assignment is not contingent upon the development or reporting of

predetermined value or direction in value that favors the cause of the client, the amount of the value opinion,
the attainment of a stipulated result, or the occurrence of a subsequent event directly related to the intended
use of this appraisal consulting assignment;

9. My analyses, opinions, and conclusions were developed, and this report has been prepared in conformity with

the Uniform Standards of Professional Appraisal Practice;

10. I have made a personal inspection of the subject of the work under review;

11. Joseph M. MaRous provided significant appraisal review assistance to the person signing this certification;

12. The reported analysis, opinions, and conclusions were developed, and this report has been prepared, in
conformity with the Code of Professional Ethics and Standards of Professional Appraisal Practice of the
Appraisal Foundation;

12. The use of the report is subject to the requirements of the Appraisal Institute relating to review by its duly
authorized representatives; and

13. As of the date of this report, Michael S. MaRous, MAI, CRE, has completed the continuing education
requirements for Designated Members of the Appraisal Institute.

Respectfully submitted, 

MaRous & Company 

Michael S. MaRous, MAI, CRE 
South Dakota Certified General #1641-T-2018 (9/14/18 expiration) 
Illinois Certified General - #553.000141 (9/19 expiration) 
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ADDENDA 
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Proposed Prevailing Wind Park Footprint 

PROPOSED PREVAILING WIND PARK FOOTPRINT 

* SDPUC Application, Figure 2 - Configuration/Topographic Map 
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Charles Mix County 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bon Homme County 

Recent Single-Family Residential Sales Location Map 
 

RECENT SINGLE-FAMILY RESIDENTIAL SALES LOCATION MAP 
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Land Sales Location Map 

 
LAND SALES LOCATION MAP 
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Brookings County, South Dakota Matched Pair Location Map 

 
BROOKINGS COUNTY, SOUTH DAKOTA MATCHED PAIR LOCATION MAP 
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Freeborn County, Minnesota Matched Pair Location Map 

 
 

FREEBORN COUNTY, MINNESOTA MATCHED PAIR LOCATION MAP 
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Hancock County, Iowa Matched Pair Location Map 
 

HANCOCK COUNTY, IOWA MATCHED PAIR LOCATION MAP 
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Macon County, Illinois Matched Pair Location Map 

 
MACON COUNTY, ILLINOIS MATCHED PAIR LOCATION MAP 
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McLean County, Illinois Matched Pair Location Map 

 
McLEAN COUNTY, ILLINOIS MATCHED PAIR LOCATION MAP 
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IMPROVED SALE PHOTOGRAPHS 
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South Dakota County Assessor Survey Analysis 
 
A survey of assessors in 8 counties in South Dakota which wind farms currently are operational has been 
undertaken. The supervisors or deputy supervisors of assessments were interviewed. The interviews were 
intended to allow the assessment officials to share their experiences regarding the impact of the wind 
farm(s) upon the market values and/or the assessed values of surrounding properties. The interviews were 
conversational, but thoroughly discussed residential and agricultural values and impacts. The interviews 
were conducted on November 7, 2017, and updated April 12, 2018. 
 
Conclusions of the Study 
 
Based on these interviews: 
 

• Without exception, the interviewees reported that there was no market evidence to support a negative 
impact upon residential property values as a result of the development of, and the proximity to, a 
wind farm facility. In some counties, this results from the very rural nature of the area in which the 
projects are located. 

• In the past 18 months, two assessor’s offices have experienced a real estate tax appeal based upon 
wind farm-related concerns, but the appeals were denied by both counties, Aurora County and 
Campbell County. As of the date of this report, there are more than 7 wind farms with 400 wind 
turbines within these counties. There have been no reductions in assessed valuations related to wind 
turbines. 

• Residential assessed values have fluctuated consistently countywide as influenced by market 
conditions, with no regard for proximity to a wind farm. 

• Agricultural properties are taxed based upon a productivity formula that is not impacted by market 
data and by external influences. 

 

Scope of Project 
 
The supervisors or deputy supervisors of assessments were interviewed. Each of the interviewees was 
familiar with the wind farm(s) located within their respective county. The following is the list of County 
Supervisors of Assessments contacted: 

 
1. Aurora County Ms. Leah Vissia 605-942-7164 
2. Brookings County Mr. Jacob Brehmer (Deputy) 605-696-8220 
3. Campbell County Ms. Jill Hoogeveen 605-955-3577 
4. Charles Mix County Ms. Denise Weber 605-487-7382 
5. Day County Ms. Dari Schlotte 605-345-9502 
6. Hyde County Ms. Carrie Stevenson 605-852-2070 
7. Jerauld County Ms. Janice Bender 605-539-9701 
8. McPherson County Ms. Lanette Butler 605-439-3663 

 
A map indicating the number of wind farms in each of these counties is included in this memorandum. A 
second map illustrates the number of the wind farms located in each of these counties. 
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Residential Market Values 
 

Without exception, the interviewees reported that there was no market evidence to support a negative 
impact upon residential property values as a result of the development of, and the proximity to, a wind 
farm facility. Either as a request by a county board, in an attempt to appropriately assess newly 
constructed residences, or to support current assessed values, the supervisors of assessments have been 
particularly attentive to market activity in the area of the wind farms. 
 

Aurora, Brookings, Day, and McPherson Counties’ Supervisors of Assessments all stated that a majority 
of the wind turbines were placed with grazing and pasture land used for raising cattle. Each one of the 
assessors made it a point to note that they had personally witnessed the cows grazing right alongside 
turbines, indicating that the turbines had no effect, of any kind, on the animals.  
 

Ms. Lanette Butler, the McPherson County Supervisor of Assessments, lives proximate to wind farm and 
is a participating land owner with five wind turbines on her property. She also stated that she is a former 
employee of Acciona Energia (owner of Tatanka Wind) prior to becoming the McPherson County 
Supervisor of Assessments and has been pleased with the work the company performs and the strict 
policies the company carries out for noise and wildlife safety. She also stated that the only way the 
turbines are audibly noticeable is on very quiet days with very minimal wind.  
 

Residential Assessed Values, Complaints/Tax Appeal Filings 
 

The assessors reported that there have been no successful tax appeal filings based upon wind farm issues. 
Although there have been two counties with tax appeals that were denied by the county boards in Aurora 
County and Campbell County   
 

Ms. Carrie Stevenson, the Hyde County Supervisor of Assessments, did mention that the morning on the 
day the survey was taken Hyde County held its County Commissioners meeting. The topic of some of the 
meeting revolved around wind farms in the county. In attendance were approximately 30 residents, or a 
little over 2% of the total population of Hyde County. These residents showed up to voice their various 
complaints to the County Commissioners. The complaints were listened to and validated, yet in the end, 
there were no changes to property values given. 
 

Consistently, the assessors reported that whatever initial concern there may have been regarding property 
values during the planning and approval stages of the various wind farms dissipated once the wind farm 
was constructed. Repeatedly, the assessors would state that the revenue that would come into the county 
and to each individual farmer would outweigh any initial concern that the residents would have about the 
wind farms joining their communities. 
 

Agricultural Values/Assessed Values 
 

The assessed values of agricultural properties are established based upon a productivity formula and are 
not driven by market data. Reportedly, assessed values of agricultural properties have been steady or 
increasing in recent years and are projected to continue increasing for the near future. The assessors 
reported that no major complaints have been received and/or no tax appeal filings have been filed for 
agricultural properties within the wind farm footprint. 
 
Based on this survey, it does not appear that the Supervisors of Assessments in the 6 surveyed in South 
Dakota have reason to believe that the location of wind turbines in their county has had a negative impact 
on property values. 
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Map of South Dakota Counties Surveyed 
Wind Farm Count by County 

*25 Turbines or Higher* 

Exhibit A15-1

Page 71 of 79

South Dalkota 

f u l MARCUS 
~ &COMPANY 

1 

 
015336



 

72  
 

 
 
 
 
 
 

 

 
 
 
 
 
 

 
 
 
 

Note: As depicted on this map from the AWEA, as of the date 
of this survey, the locations of certain wind farms are 
approximations. In some instances, the wind farms are 
incorrectly shown to be located in adjacent counties. This map 
also shows the locations of smaller wind farms, but for the 
accuracy of this study we have only focused on the farms with 
25 turbines or higher. 
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MICHAEL S. MAROUS  
STATEMENT OF QUALIFICATIONS 

Michael S. MaRous Statement of Qualifications 
Michael S. MaRous, MAI, CRE, is president and owner of MaRous and Company. He has appraised more than $15 
billion worth of primarily investment-grade real estate in more than 25 states. In addition to providing documented 
appraisals, he has served as an expert witness in litigation proceedings for many law firms; financial institutions; 
corporations; builders and developers; architects; local, state, county, and federal governments and agencies; and 
school districts in the Chicago metropolitan area. His experience in partial interest, condemnation, damage impact, 
easement (including aerial and subsurface), marital dissolutions, bankruptcy proceedings, and other valuation issues 
is extensive. He has provided highest and best use, marketability, and feasibility studies for a variety of properties. 
Many of the largest redevelopment areas and public projects, including Interstate 355, the Chicago O’Hare 
International Airport expansion, the Chicago Midway International Airport expansion, and the McCormick Place 
expansion, are part of Mr. MaRous’ experience. Mr. MaRous also has experience in regard to mediation and 
arbitration proceedings. Also, he has purchased and developed real estate for his own account. 
 

APPRAISAL AND CONSULTATION EXPERIENCE 
 

Industrial Properties 
Business Parks  Manufacturing Facilities  Self-storage Facilities  

Distribution Centers  Research Facilities  Warehouses 
 

Commercial Properties 
Auto Sales/Service Facilities  

Banquet Halls 
Big Box Stores 

Gasoline Stations 
Hotels and Motels 
Office Buildings 

Restaurants  
Shopping Centers  

Theaters 
 

Special-Purpose Properties 
Bowling Alleys 

Cemeteries 
Farms 

Golf Courses 
Lumber Yards 

Nurseries 
Riverboat Gambling Facilities 

Schools 
Stadium Expansion Issues 

Tank Farms  
Underground Gas Aquifers  

Utility Corridors 
Waste Transfer Facilities  

Wind Farms 
 

Residential Properties 
Apartment Complexes  

Condominium Conversions 
Condominium Developments  

Single-family Residences 
Subdivision Developments 
Townhouse Developments 

 
Vacant Land 

Agricultural 
Alleys 

Commercial 

Easements 
Industrial 

Residential 

Rights of Way 
Streets 

Vacations 
 

Clients 
Corporations 

Financial Institutions 
Law Firms 

Not-for-profit Associations 
Private Parties 
Public Entities 

 
EDUCATION 

B.S., Urban Land Economics, University of Illinois, Urbana-Champaign 
Continuing education seminars and programs through the Appraisal Institute 

and the American Society of Real Estate Counselors, and real estate brokerage classes 
 

PUBLIC SERVICE 
Mayor, City of Park Ridge, Illinois (2003-2005) 

Alderman, City of Park Ridge, including Liaison to the Zoning Board of Appeals and Planning and Zoning and Chairman 
of the Finance and Public Safety Committees (1997-2005) 
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PROFESSIONAL AFFILIATIONS AND LICENSES 
Appraisal Institute, MAI designation, Number 6159 

Counselors of Real Estate, CRE designation 
Illinois Certified General Real Estate Appraiser, License Number 553.000141 (9/19) 

Indiana Certified General Real Estate Appraiser, License Number CG41600008 (6/18) 
Wisconsin Certified General Real Estate Appraiser, License Number 1874-10 (12/19) 
Minnesota Certified General Real Estate Appraiser, License Number 40330656 (8/18) 

Pennsylvania Certified General Real Estate Appraiser, License Number GA004181 (6/19) 
Iowa Certified General Real Estate Appraiser, License Number CG03468 (6/19) 

South Dakota Certified General Real Estate Appraiser, License Number 1467CG (9/18) 
Licensed Real Estate Broker (Illinois) 

 
PROFESSIONAL ACTIVITIES 

Mr. MaRous is past president of the Chicago Chapter of the Appraisal Institute. He is former chair and vice chair of the 
National Publications Committee and has sat on the board of The Appraisal Journal. In addition, he has served on and/or 

chaired more than 15 other committees of the Appraisal Institute, the Society of Real Estate Appraisers, and the American 
Institute of Real Estate Appraisers. 

 
Mr. MaRous served as chair of the Midwest Chapter of the Counselors of Real Estate in 2006 and 2007 and has served on 
the National CRE Board since 2011. He sat on the Midwest Chapter Board of Directors, the Editorial Board of Real Estate 

Issues, and on various other committees. 
 

Mr. MaRous also is past president of the Illinois Coalition of Appraisal Professionals. He also has been involved with 
many other professional associations, including the Real Estate Counseling Group of America, the Northwest Suburban 
Real Estate Board, the National Association of Real Estate Boards, and the Northern Illinois Commercial Association of 

Realtors. 
 

PUBLICATIONS AND PROFESSIONAL RECOGNITION 
 

Mr. MaRous has spoken at more than 20 programs and seminars 
related to real estate appraisal and valuation. 
 

Author 
“Low-income Housing in Our Backyards,” The Appraisal        
Journal, January 1996 
“The Appraisal Institute Moves Forward,” Illinois Real 
Estate Magazine, December 1993 
“Chicago Chapter, Appraisal Institute,” Northern Illinois             
Real Estate Magazine, February 1993 
“Independent Appraisals Can Help Protect Your Financial        
Base,” Illinois School Board Journal, November- 
     December 1990 
“What Real Estate Appraisals Can Do for School Districts,”  
School Business Affairs, October 1990 
 

Awards 
Appraisal Institute - George L. Schmutz Memorial Award,  
2001 
Chicago Chapter of the Appraisal Institute – Heritage Award, 
2000 
Chicago Chapter of the Appraisal Institute - Herman O. 
   Walther, 1987 (Distinguished Chapter Member) 

Reviewer or Citation in the Following Books 
Rural Property Valuation, 2017 
Real Estate Damages, 1999, 2008, and 2016 
Golf Property Analysis and Valuation, 2016 
Dictionary of Real Estate Appraisal, Fourth Edition, 2002 and 
    Sixth Edition, 2015 
Market Analysis for Real Estate, 2005 and 2014 
Appraisal of Real Estate, Twelfth Edition, 2001, Thirteenth Edition, 2008,   
   Fourteenth Edition, 2013 
Shopping Center Appraisal and Analysis, 2009 
Subdivision Valuation, 2008 
Valuation of Apartment Properties, 2007 
Valuation of Billboards, 2006 
Appraising Industrial Properties, 2005 
Valuation of Market Studies for Affordable Housing, 2005 
Valuing Undivided Interest in Real Property: 
    Partnerships and Cotenancies, 2004 
Analysis and Valuation of Golf Courses and Country Clubs, 2003  
Valuing Contaminated Properties: An Appraisal Institute  
    Anthology, 2002 
Hotels and Motels: Valuation and Market Studies, 2001 
Land Valuation: Adjustment Procedures and Assignments, 2001  
Appraisal of Rural Property, Second Edition, 2000 
Capitalization Theory and Techniques, Study Guide,  
    Second Edition, 2000 
Guide to Appraisal Valuation Modeling Land, 2000  
Appraising Residential Properties, Third Edition, 1999 
Business of Show Business: The Valuation of Movie Theaters, 1999 
GIS in Real Estate: Integrating, Analyzing and Presenting 
    Locational Information, 1998 
Market Analysis for Valuation Appraisals, 1995 
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REPRESENTATIVE WORK OF MICHAEL S. MAROUS 
 

Headquarters/Corporate Office Facilities in Illinois  
Fortune 500 corporation facility, 200,000 sq. ft., Libertyville 

Corporate headquarters, 300,000 sq. ft. and 500,000 sq. ft., Chicago 
Fortune 500 corporation facility, 450,000 sq. ft., Northfield 

Major airline headquarters, 1,100,000 million sq. ft. on 47 acres, Elk Grove Village 
Former communications facility, 1,400,000 million sq. ft. on 62 acres, Skokie and Niles 

Corporate Headquarters, 1,500,000+ sq. ft., Lake County 
Former Sears Headquarters Redevelopment Project, Chicago 

 
Office Buildings in Chicago 

401 South LaSalle Street, 140,000 sq. ft. 
134 North LaSalle Street, 260,000 sq. ft. 

333 North Michigan Avenue, 260,000 sq. ft. 
171 West Randolph Street, 360,000 sq. ft. 

20 West Kinzie Street, 405,000 sq. ft. 
55 East Washington Street, 500,000 sq. ft. 

10 South LaSalle Street, 870,000 sq. ft. 
222 West Adams Street, 1,000,000 sq. ft. 

141 West Jackson Boulevard, 1,065,000 sq. ft. 
333 South Wabash Avenue, 1,125,000 sq. ft. 
155 North Wacker Drive, 1,406,000 sq. ft. 
70 West Madison Street, 1,430,000 sq. ft. 
111 South Wacker Drive, 1,454,000 sq. ft. 

175 West Jackson Boulevard, 1,450,000 sq. ft. 
227 West Monroe Street, 1,800,000 sq. ft. 
10 South Dearborn Street, 1,900,000 sq. ft. 

 
Hotels in Chicago 

One West Wacker Drive (Renaissance Chicago Hotel) 
10 East Grand Avenue (Hilton Garden Inn) 
106 East Superior Street (Peninsula Hotel) 
120 East Delaware Place (Four Seasons) 
140 East Walton Place (The Drake Hotel) 

160 East Pearson Street (Ritz Carlton) 
301 East North Water Street (Sheraton Hotel) 

320 North Dearborn Street (Westin Chicago River North) 
401 North Wabash Avenue (Trump Tower) 

505 North Michigan Avenue (Hotel InterContinental) 
676 North Michigan Avenue (Omni Chicago Hotel) 

800 North Michigan Avenue (The Park Hyatt) 
 

Large Industrial Properties in Illinois 
Large industrial complexes, 400,000 sq. ft., 87th Street and Greenwood Avenue, Chicago 

Distribution warehouse, 580,000 sq. ft. on 62 acres, Champaign 
Publishing house, 700,000 sq. ft. on 195 acres, U.S. Route 45, Mattoon 

AM Chicago International, 700,000± sq. ft. on 41 acres, 1800 West Central Road, Mount Prospect 
Nestlé distribution center, 860,000 sq. ft. on 153 acres, DeKalb 

U.S. Government Services Administration distribution facility, 860,000 sq. ft., 76th Street and Kostner Avenue, Chicago 
Fortune 500 company distribution center, 1,000,000 sq. ft., Elk Grove Village 

Caterpillar Distribution Facility, 2,231,000 sq. ft., Morton 
Self-storage facilities, various Chicago metropolitan locations 

 
Airport Related Properties 

Mr. MaRous has performed valuations on more than 100 parcels in and around Chicago O’Hare International Airport, 
Chicago Midway International Airport, Palwaukee Municipal Airport, Chicago Aurora Airport, DuPage Airport,  

and Lambert-St. Louis International Airport 
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Vacant Land in Illinois 
15 acres, office, Northbrook 

20 acres, residential, Glenview 
25 acres, Hinsdale 

55 acres, mixed-use, Darien 
68 acres, Roosevelt Road and the Chicago River 

 75 acres, I-88 at I-355, Downers Grove 
100± acres, various uses, Lake County 

100 acres, Western Springs 
140 acres, Flossmoor 

142 acres, residential, Lake County 
160 acres, residential, Cary 

200 acres, mixed-use, Bartlett 

250 acres, Island Lake 
450 acres, residential, Wauconda 

475± acres, various uses, Lake County 
650 acres, Hawthorne Woods 

650 acres, Waukegan/Libertyville 
800 acres, Woodridge 
900 acres, Matteson 

1,000± acres, Batavia area 
2,000± acres, Northern Lake County 

5,000 acres, southwest suburban Chicago area  
Landfill expansion, Lake County 

 
Retail Facilities 

20 Community shopping centers, various Chicago metropolitan locations 
Big-box uses, various Chicago metropolitan locations and the Midwest 

Gasoline Stations, various Chicago metropolitan locations 
More than 50 single-tenant retail facilities larger than 80,000 sq. ft., various Midwest metropolitan locations 

 
Residential Projects 

Federal Square townhouse development project, 118 units, $15,000,000+ sq. ft. project, Dearborn Place, Chicago 
Marketability and feasibility study, 219 East Lake Shore Drive, Chicago 

Riverview II, Chicago; Old Town East and West, Chicago; Museum Park Lofts II, Museum Park Tower 4, University 
Commons, Two River Place, River Place on the Park, Chicago; 

Timber Trails, Western Springs, Illinois 
 

Market Impact Studies  
Land-fill projects in various locations 

Quarry expansions in Boone and Kendall counties 
Commercial development and/or parking lots in various communities 

Zoning changes in various communities 
Waste transfer stations in various communities 

 
Energy Projects 

Oakwood Hills Energy Center, McHenry County Illinois, market impact analysis 
Walnut Ridge Wind Farm, Bureau County, Illinois, market impact analysis 
Radford’s Run Wind Farm, Macon County, Illinois, market impact analysis 
Twin Groves Wind Farm, McLean County, Illinois, market impact analysis 
Otter Creek Wind Farm, LaSalle County, Illinois, market impact analysis 

Pleasant Ridge Wind Farm, Livingston County, Illinois, consulting 
Commonwealth Edison, high tension lines, market impact analysis 

Lackawanna Power Plant, Lackawanna County, Pennsylvania, market impact analysis 
Brookhaven, New York, solar energy production facility, consulting 

 
Business and Industrial Parks 

Chevy Chase Business Park, 30 acres, Buffalo Grove 
Carol Point Business Center, 300-acre industrial park, Carol Stream, $125,000,000+ project 

Internationale Centre, approximately 1,000 acre-multiuse business park, Woodridge 
 

Properties in Other States 
330,000 sq. ft., Newport Beach, California 

Former government depot/warehouse and distribution center, 2,500,000 sq. ft. on 100+ acres, Ohio 
Shopping Center, St. Louis, Missouri 
Office Building, Clayton, Missouri 

Condominium Development, New York, New York 
Hormel Foods, various Midwest locations 

Wisconsin Properties including Lowes, Menards, Milwaukee Zoo, CVS Pharmacy’s in Milwaukee, Dairyland Race Track, 
Major Industrial Property in Manawa, Class A Office Buildings and Vacant Land 
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REPRESENTATIVE CLIENT LISTING OF MICHAEL S. MAROUS 
 

Law Firms 
Alschuler, Simantz & Hem LLC 
Ancel, Glink, Diamond, Bush,       
  DiClanni & Krafthefer 
Arnstein & Lehr LLP 
Berger, Newmark & Fenchel P.C. 
Berger Schatz 
Botti Law Firm, P.C. 
Carmody MacDonald P.C. 
Carr Law Firm 
Crane, Heyman, Simon, Welch & 
Clar Daley & Georges, Ltd. 
Day, Robert & Morrison, P.C. 
Dentons US LLP 
DiMonte & Lizak LLC 
DLA Piper 
Dreyer, Foote, Streit, Furgason &          
  Slocum, P.A. 
Drinker, Biddle & Reath LLP 
Figliulo & Silverman, P.C. 
Foran, O’Toole & Burke LLC 
Franczek Radelet P.C. 
Fredrikson & Byron, P.A. 
Freeborn & Peters LLP 

Gould & Ratner LLP 
Greenberg Traurig LLP 
Helm & Wagner 
Robert Hill Law, Ltd. 
Hinshaw & Culbertson LLP 
Holland & Knight LLP 
Ice Miller LLP 
Jenner & Block 
Katz & Stefani, LLC 
Kinnally, Flaherty, Krentz, Loran, 
Hodge & Mazur PC 
Kirkland & Ellis LLP 
Klein, Thorpe & Jenkins, Ltd. 
McDermott, Will & Emery 
Mayer Brown 
Michael Best & Friedrich LLP 
Morrison & Morrison, Ltd. 
Bryan E. Mraz & Associates 
Neal, Gerber & Eisenberg, LLP 
Neal & Leroy LLC 
O’Donnell Haddad LLC 
Prendergast & DelPrincipe 
Rathje & Woodward, LLC 

Righeimer, Martin & Cinquino, P.C. 
Robbins, Salomon & Patt, Ltd. 
Rosenfeld Hafron Shapiro & Farmer 
Rosenthal, Murphey, Coblentz & 
Donahue Rubin & Associates, P.C. 
Ryan and Ryan, P.C. 
Reed Smith LLP 
Sarnoff & Baccash 
Scariano, Himes & Petrarca, Chtd. 
Schiff Hardin LLP 
Schiller, DuCanto & Fleck LLP 
Schirott, Luetkehans & Garner, LLC 
Schuyler, Roche & Crisham, P.C. 
Sidley Austin LLP 
Storino, Ramello & Durkin 
Thomas M. Tully & Associates 
Thompson Coburn, LLP 
Tuttle, Vedral & Collins, P.C. 
Vedder Price 
von Briesen & Roper, SC 
Winston & Strawn LLP 
Worsek & Vihon LLP 

   
 

Financial Institutions 
AmericaUnited Bank Trust 
BMO Harris Bank 
Charter One 
Citibank 
Cole Taylor Bank 
First Bank of Highland Park 
First Financial Northwest Bank 

First Midwest Bank 
First State Financial 
Glenview State Bank 
Itasca Bank & Trust Co. 
Lake Forest Bank & Trust Co. 
MB Financial Bank 

Midwest Bank 
Northern Trust 
Northview Bank & Trust 
The Private Bank 
Wintrust 

 
Corporations 

Advocate Health Care System Alliance 
Property Consultants American Stores 
Company Archdiocese of Chicago 
Arthur J. Rogers and Company 
Avangrid Renewables, LLC 
BHE Renewables  
BP Amoco Oil Company 
Christopher B. Burke Engineering, Ltd. 
Cambridge Homes 
Canadian National Railroad 
Capital Realty Services, Inc. 
Chicago Cubs 
Children’s Memorial Hospital  
Chrysler Realty Corporation 

Citgo Petroleum Corporation 
CorLands 
CVS 
Edward R. James Partners, LLC 
Enterprise Development Corporation 
Enterprise Leasing Company  
Exxon Mobil Corporation  
Hamilton Partners 
Hollister Corporation 
Imperial Realty Company  
Invenergy LLC 
Kimco Realty Corporation 
Kinder Morgan, Inc. 
Lakewood Homes 

Lowe’s Companies, Inc. 
Loyola University Health System 
Marathon Oil Corporation 
Meijer, Inc. 
Menards 
Mesirow Stein Real Estate, Inc. 
Paradigm Tax Group 
Prime Group Realty Trust 
Public Storage Corporation 
RREEF Corporation 
Shell Oil Company 
Union Pacific Railroad Company 
United Airlines, Inc. 
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Public Entities 
Illinois Local Governments and Agencies 

Village of Arlington Heights  
Village of Barrington  
Village of Bartlett 
Village of Bellwood  
Village of Brookfield  
Village of Burr Ridge 
City of Canton 
Village of Cary 
City of Chicago 
Village of Deer Park 
City of Des Plaines 
Des Plaines Park District  
Downers Grove Park District  
City of Elgin 
Elk Grove Village 
City of Elmhurst 
Village of Elmwood Park  
City of Evanston 
Village of Forest Park  
Village of Franklin Park 

Village of Glenview  
Glenview Park District  
Village of Harwood Heights  
City of Highland Park  
Village of Hinsdale  
Village of Inverness  
Village of Kenilworth  
Village of Kildeer 
Village of Lake Zurich  
Leyden Township 
Village of Lincolnshire  
Village of Lincolnwood  
Village of Morton Grove 
Village of Mount Prospect  
Village of North Aurora  
Village of Northbrook  
City of North Chicago  
Village of Northfield  
Northfield Township  
Village of Oak Brook 

Village of Orland Park 
City of Palos Hills 
City of Peoria 
City of Prospect Heights  
City of Rolling Meadows  
Village of Rosemont 
City of St. Charles 
Village of Schaumburg  
Village of Schiller Park  
Village of Skokie 
Village of South Barrington  
Village of Streamwood  
Metropolitan Water Reclamation    
District of Greater Chicago  
City of Waukegan 
Village of Wheeling 
Village of Wilmette 
Village of Willowbrook  
Village of Winnetka 
Village of Woodridge 

 
County Governments and Agencies 

Boone County State’s Attorney’s Office 
Forest Preserve of Cook County  
Cook County State’s Attorney’s Office 
DuPage County Board of Review 

Forest Preserve District of DuPage County 
Kane County 
Kendall County Board of Review 
Lake County 

Lake County Forest Preserve District 
Lake County State’s Attorney’s Office 
Morton Township 
Peoria County 

 
State and Federal Government Agencies 

Federal Deposit Insurance Corporation 
U.S. General Services Administration 

Illinois Housing Development Authority 
Illinois State Toll Highway Authority 

Internal Revenue Service 
The U.S. Postal Service 

 
Schools 

Argo Community High School  
    District No. 217 
Arlington Heights District No. 25 
Township High School District No. 214,  
    Arlington Heights 
Barrington Community Unit District           
    No. 220 
Chicago Board of Education 
Chicago Ridge District No. 127½  
College of Lake County 
Community Consolidated School 
    District No. 15 
Community Consolidated School 
    District No. 146 
Community School District No. 200 
Consolidated High School  
    District No. 230 
Darien District No. 61  
DePaul University 

Elk Grove Community Consolidated District    
    No. 59 
Elmhurst Community Unit School       
    District No. 205 
Glen Ellyn School District No. 41  
Glenbard High School District No. 87  
Indian Springs School District No. 109 
LaGrange School District No. 105 
Lake Forest Academy 
Leyden Community High School      
    District No. 212 
Loyola University 
Lyons Township High School District             
    No. 204 
Maine Township High School District             
    No. 207 
Niles Elementary District No. 71 
North Shore District No. 112, Highland Park 

Northwestern University 
Orland Park School District No. 135 
Palatine High School District #211 
Rhodes School District No. 84-1/2 
Riverside-Brookfield High School         
District No. 208 
Rosalind Franklin University 
Roselle School District No. 12 
Schaumburg Community Consolidated      
    District No. 54 
Sunset Ridge School District No. 29 
Township High School District No. 211 
Township High School District No. 214 
Triton College 
University of Illinois 
Wheeling Community Consolidated           
    District No. 21 
Wilmette District No. 39 
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Joseph M. MaRous Statement of Qualifications 

 
JOSEPH M. MaROUS 

STATEMENT OF QUALIFICATIONS 
 

Joseph M. MaRous is an Energy Consultant with MaRous and Company, with a focus on the 
renewable and alternative energy industry. 

 
EDUCATION 

 
Purdue University - West Lafayette, Indiana 

Bachelor of Science – Building Construction Management 
Focus in residential and green build construction 

 
CERTIFICATIONS 

 
Certified Green Build Professional 

OSHA Safety Certified 
USPAP Certified 

 
CONSTRUCTION 

 
Professional in the construction industry for 10 years 

 Residential 
 Commercial 
 Industrial 
 Municipal  

 Tenant Improvement 
 Schools 
 Media Studios 
 Automobile Dealerships 

 
MaROUS & COMPANY 

 
Wind Projects 
 Illinois 
 Iowa 
 South Dakota 
 New York 

Solar Projects 
 Maryland 
 Wisconsin 

 Vacant Land 
 Auto Dealerships 
 Religious Facilities 
 Residential 
 Commercial 
 Retail 

 
For more details visit: linkedin.com/in/joemarous 
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ABSTRACT 

The Municipal Property Assessment Corporation (MPAC) commissioned this study of the effects of Industrial wind 
turbines (IWT) on the current value of property In proximity to the turbines. Over the last few years, the subject of IWTs 
has been the subject of a number of reports and studies - both In canada and worldwide. Past and current studies 
undertaken by both academics as well as real estate and health professionals have focused on the potential Impacts of 
IWTs on property value and health. Given MPAC's legislated mandate, this report focuses on the potential Impact of 
IWTs on property values. 

MPAC's study concludes that 2012 Current Value Assessments (CVA) of properties located within proximity to an IWT 
are assessed at their current value and are equitably assessed In relation to homes at greater distances. No adjustments 
are required for 2012 CVAs. This finding Is consistent with MPAC's 2008 CVA report. The 2012 CVA study also found that 
there Is no statlstlcally significant Impact on sale prices of residential properties In these market areas resulting from 
proximity to an IWT. The study underwent a rigorous independent third-party peer review and Includes appendices 
describing the study parameters and documenting the analyses. 

AUTHORS OF THIS REPORT 

Brian Guerin, BA (Hon), MRICS, M.I.M.A. 

Brian Guerin is Director, Valuation - Assessment Standards and Mass Appraisal, Office of the Chief Assessor with the 
Municipal Property Assessment Corporation. Mr. Guerin has almost 20 years of property assessment experience In the 
province of Ontario overseeing the mass appraisal of nearly five million properties. Since 1999, he has been responsible 
for the development of all mass appraisal models used In the valuation of all property types through seven province
wide assessment updates. He holds an honours degree In Mathematics from Carleton University and Is a Chartered 
Valuation Surveyor with the Royal Institution of Chartered Surveyors and Is an accredited member of the Institute of 

Municipal Assessors. 

Jason Moore, BAS (Hon), MBA, UBC Certificate of Real Property Assessment 

Jason Moore Is Valuation Manager - Assessment Standards and Mass Appraisal, Office of the Chief Assessor with the 
Municipal Property Assessment Corporation. Mr. Moore oversees the mass appraisal of approximately 1.8 mllllon 
properties across 12 MPAC field offices lndudlng the regions of Durham, York, Halton, Peel, Niagara and cities of 

Municipal Property Asssessment Corporation C 
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Hamilton, Brantford and Brant as well as Norfolk Counties. He Is also responsible for the valuation and data collection 
procedures for residential and farm property types. Mr. Moore has given several presentations and tralnlng sessions on 
mass appraisal and regression analysis as well as specific residential and farm Issues. He has a Masters, Business 

Administration from McMaster University. 

Jamie Stata, BA, UBC Certificate of Real Property Assessment 

Jamie Stata Is a Property Valuation Specialist - Assessment Standards and Mass Appraisal, Office of the Chief Assessor 
with the Munldpal Property Assessment Corporation. Mr. Stata has nearly 25 years of property assessment experience 
in the province of Ontario. He currently conducts the valuation of residential development land across six counties In 
Southwestern Ontario and has completed the mass appraisal analysis for Huron, Perth, Gray and Bruce counties over the 
past five province-wide assessment updates. He has completed research on the combined valuation of residential and 
commercial properties as well as recently led a project team researching the acquisition of new cost estimates on farm 
buildings. Mr. Stata has presented at the International Association of Assessing Officers Annual Conference on 
Assessment Administration as well as the Mass Appraisal Valuation Symposium conducted by the International Property 
Tax Institute. 

Scott Bradfield, BSC (Hon) 

Scott Bradfield Is a Mass Appraisal Analyst with Assessment Standards and Mass Appraisal, Office of the Chief Assessor, 
Municipal Property Assessment Corporation. Mr. Bradfield has over a decade of experience in regression and statistical 
analysis for property appraisal and Is currently responsible for all mass appraisal work for three MPAC field offices 
responsible for the cities of Hamilton, Brandford and Brant as well as Haldlmand and Norfolk Counties. He Is also 
MPAC's subject matter expert for residential valuation and data collection and has led several research projects for the 
corporation. Mr. Bradfield holds an honours Statistics degree from McMaster University. 
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EXECUTIVE SUMMARY 

This report provides the results of the Municipal Property Assessment Corporation's (MPAC) study of the Impact of 
Industrial Wind Turbines on Resident/al Property Assessment In Ontario (2012 Assessment Base Year Study}. 

Background 

MPAC is responsible for accurately assessing and dasslfying property In Ontario for the purposes of municipal and 
education taxation. In Ontario, property assessments are updated on the basis of a four-year assessment cycle. The last 
province-wide Assessment Update took place in 2012 when MPAC updated the assessments of Ontario's nearly five 
mlllfon properties to reflect the legislated valuation date of January 1, 2012. Assessments updated for the 2012 base 
year are In effect for the 2013-2016 property tax years. Ontario's assessment phase-In program prescribes that 
assessment Increases are phased In over a four-year period. Any decreases In assessment are applied Immediately. 

When assessing any property, MPAC relies on the real estate market to Indicate what Influence a factor, such as 
Industrial Wind Turbines (IWT), may have on a property's value. MPAC does this through the ongoing study and analysis 
of the market Including the Investigation of sales transactions. This market analysis typically reveals whether or not a 
factor has a negative, positive, or no Impact on a property's value. 

Over the last few years, the subject of IWTs has been the subject of a number of reports and studies - both In Canada 
and worldwide. Past and current studies undertaken by both academics as well as real estate and health professionals 
have focused on the potential Impacts of IWTs on property value and health. Given MPAC's legislative mandate, this 
report focuses on the potential Impact of IWTs on property value. 

MPAC has completed two reviews of the Impact of IWTs: 2008 and 2012 Base Year Studies. 

2008 Base Year Study 

In 2008, MPAC undertook a study looking at the Impact of IWTs on residential assessments using the 2008 base year. 
The 2008 study concluded that the presence of Industrial wind turbines that are either abutting or In proximity to a 
property did not have a positive or negative Impact on the value of assessments. 

20U Base Year Study 

In response to the growing presence of IWTs In Ontario as well as requests for Information from stakeholders, MPAC 
undertook a new study using the 2012 assessment base year to provide a thorough examination of the Impact of IWTs 
on residential property assessment. 

Speclflcally, the study examined the following two statements: 

1. Determine if residential properties In close proximity to IWTs are assessed equitably in relation to residential 
properties located at a greater distance. In this report, this Is referred to as Study 1-Equity of Residential 
Assessments In Proximity to Industrial Wind Turbines. 

2. Determine If sale prices of residential properties are affected by the presence of an IWT In close proximity. 
In this report, this is referred to as Study 2-Effect of Industrial Wind Turbines on Resident/al Sale Prices. 
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Study 2 was added to the original scope of the review to respond to enquiries MPAC received from stakeholders and 

interested parties. 

To conduct these studies, MPAC considered 15 market areas with sufficient sales to allow for analysis and applied 
Industry standard mass appraisal techniques and internationally accepted ratio study standards. 

To determine equity of assessments of properties within close proximity to an IWT, MPAC conducted an Assessment-to
Sale Ratio (ASR) study. An Individual ASR is calculated by dividing the assessed value of each property by its time 
adjusted sale price. A ratio study is conducted to first establish the level of appraisal for a group of properties and equity 
Is determined by comparing the level of appraisal with other groups of properties. If a group of properties Is assessed at 
market value, the median ASR will lie between 0.95-1.05. By definition, equity Is said to exist if there is 5% or less 
difference between property categories (or groups of properties) as per International Association of Assessing Officers 
(IAAO) ratio study standards. 

The level of appraisal for properties within 1 km of an IWT Is 1.034. The level of appraisal for properties at greater 
distance (1-2 km, 2-5 km and over 5 km) range from 0.989 to 0.992, a 4.2- 4.5% differential, which Is below the 5% noted 

above. 

Conclusions 

Following MPAC's review, It was concluded that 2012 CVAs of properties located within proximity of an IWT are assessed 
at their current value and are equitably assessed In relation to homes at greater distances. No adjustments are required 
for 2012 CVAs. This finding Is consistent with MPAC's 2008 CVA report. 

MPAC's findings also concluded that there Is no statistically significant impact on sale prices of residential properties In 
these market areas resulting from proximity to an IWT, when analysing sale prices. 

In addition to the results shared in this report, MPAC also commissioned an internationally recognized expert In the field 
of mass appraisal and ratio studies to review the report and its findings. This expert has confirmed the findings in this 
report (Appendix A). 

As MPAC works towards the next province-wide Assessment Update in 2016, qualified valuation staff will continue to 
study and analyse the Ontario real estate market Including Investigation of sales transactions to determine the Impact of 
various factors - Including IWTs - have on a property's value. 
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INTRODUCTION 

The topic of wind energy is front and centre in the minds of a large number of Ontarians, particularly those living in rural 
areas of the province. There has been extensive reporting on the numerous aspects of this new development, be It In 
the reports of health effects, the approval process for siting IWTs, or the potential for property devaluation due to the 
perceived stigma attached to these developments. 

Several studies, based on both scientific and non-empirical methods, have been completed by academics and real estate 
professionals to determine whether or not an adverse effect on sales prices exists with the presence of an IWT on a 
nearby property. In a recent study in the United States1, released by the Berkeley National Laboratory and prepared for 
the U.S. Department of Energy, results indicate a minimal Impact on property values as a result of being in close 
proximity to IWTs. One Ontario case stud'(, released In 2013, argues that properties in Ontario are devalued by as much 
as30-35%. 

current studies on both the valuation Impact and health effects are underway by the University of Guelph1 and Health 

canada4• 

Prior to undertaking this study, MPAC conducted a study using 2008 base year current Value Assessments (CVA}, to 
determine whether residential properties located near IWTs were equitably assessed when compared to properties at a 
greater distance. The study was based on very llmlted sales Information as there were a limited number of Industrial 
wind turbines In the province at that time. As a result, It was difficult to draw meaningful conclusions with the 2008 
study. Based on the available sale Information, no adjustment to value was required for the 2008 CVA. 

In conducting this current study, MPAC had additional sales data to review than It did In 2008. In addition to more sales, 
MPAC also received Requests for Reconsideration from the owners of 83 properties where proximity to IWTs was listed 
as a concern following the 2012 province-wide Assessment Update. 

1 Ben Hoen et al, • A Spatial Hedon le Analysis of the Effects of Wind Energy Facllitles on Surrounding Property Values In the United 
States-, Berkeley National Laboratory, August 2013 
2 Ben Lanslnk, •case Studies: Diminution/ Change In Price Melancthon and Clear Creek Wind Turbine Analyses, Municipal Property 
Assessment Corporation (MPAC) Current Value Changes, n Lanslnk Appraisals and Consulting, February 2013 
3 R Vyn and R McCullough, -rhe Effects of Wind Turbines on Property Values In Ontario: Does Perception Match Empirical 
Evldencer, canadian Journal of Agricultural Economics, forthcoming 
'http-.J/www.hc-sc.gc.ca/ewh-semt/consult/ _2013/wind_turblne-eollennes/lndex-eng.php 

Municipal Property Asssessment Corporation (C) 

6 

Exhibit A15-2

 
015351



PURPOSE OF THIS REPORT 

This 2012 base year report has been written to provide a thorough examination of the Impact of IWTs on residential 
property assessment. Speclflcally, the report examines the following two statements: 

1. Determine If residential properties In close proximity to IWTs are assessed equitably In relation to residential 
properties located at a sreater distance. In this report, this Is referred to as Study 1-Equity of Residential 
Assessments In PtoJtlmlty to Industrial Wind Turbines. 

z. Determine If sale prices of residential properties are Impacted by the presence of an IWT In close proximity. 
In this report, this Is referred to as Studv 2-El/ed of Industrial Wind Turbines on Residential Sale Prices. 

Study 2 was added to the orislnal scope of the review to respond to enquiries MPAC received from stakeholders and 
Interested parties. 

LEGISLATION 

Sections of the Assessment Act relevant to this study Include the following: 

Section 1 (1): •current value" means, In relation to land, the amount of money the fee simple, If unencumbered, would 
realize If sold at arm's lensth by a wllllns seller to a wllUng buyer; ("valeur actuelle"). 

Section 19 (1): The assessment of land shall be based on Its current value. 

Municipal Property Asssessment Corporation C 
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VALUATION OF RESIDENTIAL PROPERTIES 

To estimate value of residential properties, MPAC applies the Direct Comparison Approach (DCA) in a mass appraisal 
environment. DCA estimates the current value of a subject property by adjusting the sate price of comparable 
properties for differences between the comparable properties and the subject property. Mass appraisal is the valuation 
of a group of properties as of a given date using standardized processes, employing common data, and allowing for 
statistical testing. 

Multiple Regression Analysis 

The DCA approach to value in a mass appraisal setting uses Industry standard Computer Assisted Mass Appraisal (CAMA) 
techniques and, In particular, a statistical tool known as Multiple Regression Analysis (MRA). 

Regression analysis Is a statistical technique used to analyse data In order to predict the value of one variable, such as 
market value, based on known data (e.g., living area, tot size, quality, location, etc.). If only one variable is used, such as 
living area, the procedure Is called Simple Regression Analysis. When two or more variables are used In the analysis, the 
procedure Is called Multiple Regression Analysis. 

MRA estimates the value of one variable (I.e., the dependent variable) based on the Information from the available data 
{I.e., the Independent variables). Assessing authorities, such as MPAC, develop an equation that estimates current value 
based on the sale prices and property characteristics of sold properties. The equation, or valuation model, provides the 
best estimate of current value In statistical terms since It reduces the overall error between sale price and predicted 
value (estimated current value) to the lowest possible amount In dollar terms. 

Market Areas 

In Ontario, MPAC has defined 130 residential market areas. Market areas are geographic areas subject to the same 
economic Influences. One valuation model is built for each market area. A market area could be a section of a larae 
city, like Toronto, a medium size city like Nlapra Falls or a duster of smaller towns. Also, It could be the rural residential 
properties with a county or a group of lakes in a reaeational waterfront area such as Muskoka or the Kawartha Lakes. 

Key Factors Affecting Value 

Approximately 85% of the current value of a property can be attributed to the following five property characteristics: 
location, building area, construction quality, lot size and age of the home adjusted for renovations and additions. Other 
features that may be adjusted for Include; water frontage, building amenities (e.g., basement area, basement finish, 
bathrooms, fireplaces, heating, air conditioning), secondary structures (e.g., garages, In-ground pools), site features 
(e.g., abutting green space, abutting a ravine, abutting a commercial property, topography, comer lot, traffic pattern). 
Not all features will enter every market model; therefore, value Influences will differ across the province. 

Legislated Valuation Date 

All estimates of current value represent market conditions as of January 1, 2012, the legislated valuation date for the 
2013-2016 property tax years. As a result, part of MPAC's analysis is to determine the amount of Inflation or deflation In 
each market area and adjust sale prices for time In relation to the legislated valuation date. 
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Sales Ratio Study 

Once each valuation model has been developed, It Is tested to ensure equity, accuracy and uniformity using a sales ratio 
study. A sales ratio study ensures that the overall level of appraisal of the market area is within corporate and Industry 
standards for accuracy and uniformity. The second aspect of the sales ratio study Is to ensure that equity has been 

achieved across all major property characteristics. 

Application of Valuation Model 

Once the statistical testing has been completed, and the valuation model for each market area has been deemed 
appropriate, It is applied to all the applicable properties In the market area and individual value review commences by 
qualified valuation staff. The purpose of this exercise Is to reconcile the value estimates to ensure that a fair and 
equitable assessment has been placed on each property. These efforts tend to focus on areas with few sales and 
properties with features that cannot be captured within mass appraisal models. This review work continues up until the 
Assessment Roll is provided to each municipality and wlll Include sales before and after the valuation date. 

Sales 

For this study, sales In proximity to IWTs were found in 15 market areas. 

Table 1- MPAC Market Area Desafptlons 

MarketArea MPACReglon Desalptfon 

05RR030 05 - Kingston 
Napanee, Loyalist Township, Frontenac/Lennox & Addington 
Counties South Rural/Waterfront 

20RR010 20 - Brantford Brant, Haldlmand, Norfolk Counties - Rural/Waterfront 

22RR010 22 - Kitchener Dufferln & Wellington Counties - Rural 

22UR020 22 - Kitchener Dufferln County Villages 

22UR030 22 - Kitchener Wellington County VIiiages 

23RR010 23-London Elgin, Middlesex & Oxford Counties - Rural 

Z4RR010 24 - Goderich Huron & Perth Counties - Rural/Waterfront 

ZSRR010 25 - Owen Sound Grey & Bruce Counties - Rural/Waterfront 

ZSUR010 25 - Owen Sound Grey & Bruce Counties - Urban 

26RR010 26-Chatham Chatham-Kent - Rural/Wallaceburg 

26RR030 26-Chatham Lambton County - Rural/Waterfront 

27RR120 27-Wlndsor Essex County 

27UR070 27-Wlndsor Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

J1RR010 31-Sault Ste Marie District of Algoma 
31UR010 31-Sault Ste Marie Sault Ste. Marte/Prince Township 

Adjustments for belns In proximity to IWTs were not included when establishing Cl/As for the 2008 or 2012 base year In 
any of these market areas. 

Municipal Property Asssessment Corporation © 
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INDUSTRIAL WIND TURBINES 

2012 BASE YEAR ANALYSIS 

Between 2008 and 2012, Ontario has seen a proliferation of wind turbine projects, with the Introduction of the Green 
Energy Act In 2009, and the Feed-In-Tariff (FIT) program. This has resulted In a much larger set of available sales data for 
properties In proximity to these projects. 

For the purposes of the 2012 base year study, MPAC has adopted a definition of an IWTto be one with a capacity of at 
least 1.5 megawatts. This Is consistent with the definition currently being used by Health canada5• In Instances where 
the generating capacity of the IWT was not available In MPAC's property assessment database, It was calculated by 

dividing the IWT legislated rate of $40,000 per megawatt (MW) Into the assessed value of the IWT. 

DATA COLLECTION 

MPAC assigns a property code of 567 to represent IWTs. As per legislation In the Province of Ontario at the time of this 
report, IWTs are valued at $40,000/MW, plus the value of the associated land at the Industrial tax dass. MPAC analyzed 
sales within 5 km of any IWT with a generating capacity of 1.5 MW or higher. 

To ensure MPAC's Inventory of IWTs was as complete as possible, geographic co-ordinates were acquired from NAV 
canada. Any IWTs Identified by NAV canada that had not yet been field inspected by MPAC were inspected by local 
staff and all relevant data keyed Into MPAC's database. Any IWTs Identified on MPAC's computer database that were 
not lnduded on NAV canada's database were Inspected by local MPAC staff and the GPS co-ordinates were collected. 
MPAC staff then process controlled all IWT co-ordinates to ensure accuracy (e.1., co-ordinates not pladng the IWTs on 
the correct property). Of the 1,185 IWTs In MPAC's database after this exercise, only 28 had a capacity below 1.5 MW, 
leavlng 1,157 IWTs for review. The distribution across MPAC's market areas Is as follows: 

Table 2 • Coant of IWTI by Market Area 

Market Area MPACRfllon Desafptlon 
IWl'Caunt 

Property 
Count 

05RRG30 
05- IClnsston Napanee. Loyalist Township, Frontenar,/lennox & 

86 63 Add'..- CountlesSouth RuralJWaterfront 
20RR010 20- Brantford Brant, Haldlmand, Norfolk Counties· Rural/Waterfront 53 42 

22RR010 22- ICltchener Dufferln & Welffngton Counties • Rural 163 107 

Z3RR010 23-London Efsln, Middlesex & Oxford Counties· Rural 37 26 

24RR010 24-Goderich Huron & Perth Counties· Rural/Waterfront 21 18 

25RR01D 25-0wen Sound Grey & Bruce Counties. Rural/Waterfront 167 136 

26RIUl10 26-Chatham Chatham-Kent· Rural/Wallaceburs 325 247 

2&R!I030 26-Chatham Lambton County· Rural/Waterfront 10 8 

Z7RR1ZO 27-Wlndsor Essex County 170 145 

11RR010 31-Sault Ste. 
Dlstrfd of Alsoma 69 21 Marie 

11UR010 31-Sault Ste. Sault Ste. Marie/Prince Township 56 21 Marie 
TOTAL 1,157 834 

5 http://www.hc-sc.sc.ca/ewh-semt/consult/_2013/wlnd_turblne-eollennes/comments_partl-commentalres_partle1-eng.php#a16 
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As some properties had more than one IWT erected on them, the property count does not match the count of IWTs. 

Virtually all lWTs are erected on vacant lots or farm properties, with almost 90% located on farms and the remainder on 

vacant lots. 

The year of construction of IWTs In the database ranges from 2002 to 2013, with a market area breakdown as follows: 

Table 3 -Typfcal Physlcal Characteristics of IWTs Across Ontario 

MPAC Med1anYear Earliest Year LatestYear Median Minimum Maximum 
MarketArea Region of of of · Generatrng Generating Generating 

Construction Construction Construction canadty canadty C8Dadtv 
05RR030 OS - Klngston 2008 2008 2008 2.30 1.65 2.30 

20RR010 20 -Brantford 2007 2007 2008 1.50 1.50 1.65 

22RR010 22 - Kitchener 2008 2006 2012 1.50 1.50 2.40 

23RR010 23-London 2007 2006 2007 1.50 1.50 1.50 

24RR010 24 - Goderich 2006 2006 2006 1.80 1.80 1.80 

25RR010 25-0wen 
2008 2002 2012 1.65 1.60 2.30 Sound 

26RR010 26-Chatham 2010 2008 2013 2.00 1.50 2.50 

26RR030 26-Chatham 2008 2008 2009 1.65 1.50 1.65 

27RR120 27-Wlndsor 2010 2010 2010 2.30 1.65 2.30 

31RR010 31-Sault Ste. 
2006 2006 2006 1.50 1.50 1.50 Marie 

31UR010 31-SaultSte. 
2006 2006 2006 1.50 1.50 1.50 Marie 

OVERALL 2008 2002 2013 1.80 1.50 2.50 
Refer to Table l for market area descriptions. 

The following map shows the locations of the IWTs used In the analysis. Appendix B provides the work instructions for 
local MPAC staff when determining the GPS co-ordinates for each IWT used In the analyses. 
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Flgure 1 

Location of IWTs Across Ontario 

SALES INVESTIGATIONS 

For the purposes of this study, all sales where any portion of a property was within 2 km of one or more IWTs were 
flagged for Inspection by MPAC. The sale was Investigated to ensure It was an arm's length transaction and that the 
property data on file reflected what existed at the time of the sale. Also, GPS co-ordinates were collected from the 

corner of the residence nearest an IWT. Finally, where possible, pictures were taken from the residence towards the 

closest surrounding IWT(s). Once this step was completed, distance was once again calculated from the co-ordinates of 

the IWT to the co-ordinates of the corner of the residences nearest an IWT. This was the actual distance used in the 

study for sales within 2 km. Appendb< C includes the work instructions for staff conducting the sales review for this 

project. 

A view variable was created using the pictures and descriptions provided for sales within 2 km of an IWT. Three 

categories were created: 

Municipal Property Asssessment Corporation (C) 
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Full View 

Partial View 
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No View 
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STUDY 1- EQUITY OF RESIDENTIAL ASSESSMENTS IN PROXIMITY 

To INDUSTRIAL WIND TURBINES 

For this study, MPAC analyzed open market sales of Improved residential properties from January 2009 through 

December 2012, in the market areas surrounding IWTs. A market area is defined as a geographic area, usually 

contiguous, subject to the same economic Influences, where properties tend to Increase or decrease In value together. 

Sales Filters 

To account for typical minimum sale amounts, any sale below $10,000 was removed In Southwestern or Eastern 

Ontario, and any sale below $5,000 was removed in Northern Ontario. Any sale on a property on which an IWT sits, was 

removed from analysis to avoid the potential Influence that the Income stream associated to such properties may offer. 

Cases where a property sold as a vacant lot and has since been built on, or a sale representing a built on property that is 

now a vacant lot, have also been removed from the analysis. There were five market areas with five or fewer sales and 

these were excluded from the analysis. To verify the validity of the remaining sales, any sale within 2 km of an IWT was 

field inspected and reviewed by staff from the local MPAC offices. Sales determined to be other than open market 

transactions, or suspect, were removed from analysis. For the sales outside of a 2 km buffer, those with extreme ratios 

of Current Value Assessment to sale price as defined by the International Association of Assessing Officers (IAAO) 
Standard on Ratio Studies6, were also removed from analysis. 

Assessment-to-Sale Ratio Study 

To establish the level of appraisal and test for equity, MPAC looks at Assessment-to-Sale Ratio (ASR). The ASR is 

calculated by dividing the assessed value of each property by its time adjusted sale price. 

One would expect to see a median ASR between 0.95-1.05 for a group of properties ff they are assessed at market value. 

The median ASR of different categories of properties can be compared against one another to ensure that they align and 

therefore, the level of appraisal Is equitable between each group. If the median ASR for a group of properties Is higher 

than another group, this would Indicate that It Is assessed at a higher level of assessment. 

Mean and median ASRs and their 95% confidence Intervals were calculated for groups of view and distance variables. 

The median always divides the data into two equal parts and Is less affected by extreme ratios than other measures of 

central tendency. Because of these properties, the median Is the generally preferred measure of central tendency. 

When the mean or median Is calculated on the data In a sample, the result Is a point estimate, which Is accurate for the 

sample but is only one indicator of the level of appraisal In the population. Confidence Intervals around the measures of 

level provide Indicators of the reliability of the sample statistics as predictors of the overall level of appraisal of the 

population. Note that noncompliance with appraisal level standards cannot be determined without the use of 

confidence Intervals or hypothesis tests 7. A confidence Interval consists of two numbers (upper and lower limits) that 
bracket a calculated measure of central tendency for the sample; there Is a specified degree of confidence that the 

calculated upper and lower limits bracket the true measure of central tendency for the population. 

6 International Association of Assessing Officers, Standard on Ratio Studies, April 2013, pp. 53-54 
7 Ibid, p.13 
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MPAC looked at three different data elements In determining If equity exists: 

1. Abutting a property with an IWT; 
2. Distance to closest IWT; and, 
3. View of an IWT. 

1. ABUTTING A PROPERTY WITH AN IWT 
There were 32 sales of properties that directly abutted a property with an IWT, 31 of which were within 1 km of an IWT 
as would be expected and one sale within 2 km (two large abutting lots). When looking at the 31 abuttins properties 
within 1 km of an IWT In comparison to sales less than 1 km from an IWT that do not abut an IWT, the median ASR Is 
actually lower for properties abutting an IWT (0.989 abutting vs. 1.040 not abutting). This Indicates that there Is no 
Inequity between properties that abut an IWT and other properties within 1 km that do not physically abut an IWT. 

When looking at all sales that abut a property with an IWT the median ASR Is very near 1.00. 

Table 4 • Abutting an IWT ASRs 

Numberof Median 
Lower Upper Actual 

Sales 
Confidence Confidence Coverage(%) 

Urnlt Urnlt 
Abuttln1 Wind 

32 1.002 0.929 1.121 98% Turbine 

Based on all sales of properties abutting a property with an IWT there appears to be no difference between these 
abutting properties and sales that are a similar distance to a IWT but do not abut an IWT. See Appendix D1 - Abutting a 
Property with an /WT for statistical output. 
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2. DISTANCE TO CLOSEST IWT 
A breakdown of the 41,424 sales used In the analysis, by distance, follows: 

Table 5 • Distance Grouping by Market Area 

Pre-Construction · PosfConstnictlon'Sales' · · -

M~~" ;Mft~C Region 
. - " ---··--·-· -- .~ .. 

' 
·-. --

! ·~~-~ ; ·>$kiil -

<1km 1~2:ta.n : l-S~lml : <i;llqri, i~~.kln ;Area,. .·, 

' ' . - - . 

OSRR030 05 • Kingston 0 0 0 13 7 8 2,606 

20RR010 20 -Brantford 0 0 0 25 9 71 4,868 

22RR010 22 - Kitchener 1 3 29 25 22 54 1,597 

22UR020 22 - Kitchener 0 0 0 0 0 404 2,017 

22UR030 22 - Kitchener 0 18 4 0 74 28 2,300 

23RR010 23-London 0 0 1 4 52 71 4,300 

24RR010 24 - Goderich 0 0 0 2 3 98 786 

2SRR010 25 - OWen Sound 0 1 3 12 18 262 2,692 

2SUR010 25- Owen Sound 0 0 0 0 16 161 4,180 

26RR010 26-Chatham 31 86 427 52 214 409 663 

26RR030 26-Chatham 0 0 0 1 23 76 1,942 

27RR120 27-Wlndsor 20 62 132 92 210 636 2,198 

27UR070 27-Wlndsor 0 29 32 1 125 147 2,660 

31RR010 31-Sault Ste. 0 0 0 0 5 7 1,483 
Marie 

31UR010 31-Sault Ste. 0 0 0 0 12 3 2,801 
Marie 

TOTAL 52 199 628 227 790 2,435 37,093 
Refer to Table 1 for market area descriptions. 

comparing the median assessed value to the median time adjusted sale amount by the distance categories the figures 

are very similar. The results for all sales are provided in the following graph. 
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Figure 2 • Comparison of CVA and Time Adjusted Sale Price by Distance Groupings 
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Appendix D2 - CVA and Tas-Amt Bar Charts contains a similar bar chart for each market area. 

When broken into the distance categories, sales within 1 km of an IWT show a higher median ASR than the other groups. 

Table 3 • Distance Grouping ASRs 

Distance Number of Median 
Lower Upper 

Actual 
Grouping Sales 

Confidence Confidence 
Coverage (%) 

Umit Umit 
Within 1 km 279 1.034 1.011 1.057 95.8% 
lkmto2km 989 0.989 0.979 1.000 95.1% 
2kmto5km 3,063 0.992 0.988 0.997 95.3% 
Outside 5 km 37,093 0.992 0.991 0.993 95.0% 
OVERALL 41,424 0.992 0.991 0.994 95.0% 

Sales of properties within 1 km of an IWT have a median ASR of 1.034 while the overall median for all sales outside of 5 

km of an IWT is 0.992. This is a difference of 4.2%. Also, the median confidence interval does not overlap the 

confidence interval for the other groups. This indicates the difference is statistically significant. Sales between 1 km and 
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s km away from an IWT appear to be assessed at the same level of appraisal as the sales greater than S km from an IWT. 
See Appendbc D3 - Distance by Market Area and Type for ASR data for each market area. 

In Study #2, regressions were run for all rural market areas. Urban models were not recalibrated since there was only 
one sale within 1 km of an IWT In all urban areas. To ensure that the ASRs were equitable for sales within 5 km of an 
IWT In urban market areas, the urban and rural markets were looked at separately. The results are displayed below. 

Table 4- Distance Grouplnp-Urban Market ASRs 

Median ~ . Upper .. 

Distance Numberof · Confidence Confidence· Actual 
Grouping Sales . Umlt · , ·Umtt Coverage (%) 

Withlnlkm 1 1.138 
1kmto2km 274 0.975 0.955 0.992 95.4% 
2kmto5km n9 0.976 0.969 0.984 95.5% 
Outside Siem 13,958 0.988 0.986 0.990 95.1% 

OVERALL 
15,012 0.987 G.985 0.989 95.19' 

Table s- Distance Grauplnp- Rural Market ASRs 

Distance Numberof Median Lower Upper 
Actual 

Grouping Sales 
Confidence Confidence Coverage(%) 

Umlt Umlt 
Withlnlkm 278 1.034 1.011 1.055 95.2% 
1kmto2km 715 0.996 0.982 1.008 95.7% 
2kmto5km 2,284 0.999 0.993 1.005 95.3% 
Outside Siem 23,135 0.995 0.993 0.997 95.1% 

OVERALL 
26,412 0.996 OS94 0.997 95.0% 

In the urban markets, there Is only one sale within 1 km of an IWT. The median ASRs for sales outside of 1 km are all 
below 1.00. They are slightly lower than the results for the rural market areas; however, the median ASRs outside 1 km 

In the rural market areas are still below 1.00. Based on these results, it appears that urban market areas are equitably 
assessed with regard to the distance to the closest IWT. Also, there Is no significant difference between urban market 
areas and rural market areas regarding the Influence of distance to the closest IWT. See Appendix D3 - Distance by 
Market Area and Type for ASR data for each market type. 
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3. VIEW OF AN IWT 
When all sales within 2 km of the nearest IWT are analyzed together, the median ASR for full view Is higher than the 
median ASR for properties with no view. However, there Is correlation between full view and distance. Almost 75% of 
sales within 1 km of an IWT have a full view while only 25% of sales from 1 to 2 km to an IWT have a full view. As 
mentioned above, sales within 1 km of an IWT have a median ASR higher than the other distances. Therefore, the sales 
were split Into two groups to perform the ratio study by view towards the dosest IWT. 

Table & • View Groupings-Sales within 1lan ASRs 

Numberof Median Lower Upper 
Actual View sates 

· Confidence Confidence 
Coverage'") .. Umlt Umlt 

Fullvrew 190 1.032 1.001 1.060 95.0% 
Partial vrew 33 1.005 0.952 1.057 96.5% 
No View 56 1.064 0.998 1.092 95.6% 

OVERALL 279 1.034 1.011 1.057 95.8% 

Within 1 km, sales with no view have the highest median ASR (1.064 vs. 1.032 for full view) based on 56 sales. Partial 
view has the lowest median ASR at 1.005. This seems to indicate that view does not affect ASR for sales within 1 km of 
an IWT. 

The ASR results for sales from 1 km to 2 km away from an IWT are: 

Table 7 • View Grauplnp-Sales 1lan tD 2lan ASRs 

Numberof 
Lower Upper 

Actual 
View Sales Median Confidence Conlklence 

Caveraae "') Urnlt Umlt 
Full View 239 1.001 0.981 L026 96.2% 
Partial vrew 103 0.980 0.939 L018 95.2% 
Novrew 647 0.984 0.972 0.997 95.1% 

OVERALL 989 0.989 G.979 1.000 95.1" 

Properties with a full view of one or more IWTs have a median ASR of 1.001 while properties with a partial view have a 
median ASR of 0.980. Sales with no vlew·have a median ASR of 0.984. There is a moderate difference between full view 
and no view of 1.7%. The confidence intervals of the three groups do overlap and all three groups have median ASRs 
dose to 1.00. See Appendix 04 • View All Sales and by Market Argo for ASR data for each market area. 

20 
Municipal Property Asssessment Corporation 0 

Exhibit A15-2

 
015365



/ .!.._ . ' C 
-.p I I 

SUMMARY OF FINDINGS 

Rgure3 

Location of Sales Across Ontario 

Section 9.2.1 of the IMO Standard on Ratio Studies states: 

Legend 

e Solo.S lim 

e S.loS IDTI 

"The level of appraisal of each stratum {class, neighborhood, age group, market areas, and the like) should be within 5 
percent of the overall level of appraisal of the jurisdiction. For example, if the overall level of appraisal of the jurisdiction 
is 1.00, but the appraisal level for residential property Is 0.93 and the appraisal level for commercial property is 1.06, the 
jurisdiction is not in compliance with this requirement. This test should be applied only to strata subject to compliance 
testing. It can be concluded that this standard has been met if 95 percent (two-tailed) confidence intervals about the 
chosen measures of central tendency for each of the strata foll within S percent of the overall level of appraisal 
calculated for the jurisdiction. Using the above example, if the upper confidence limit for the level of residential property 
Is 0.97 and the lower confidence limit/or commercial property is 1.01, the two strata ore within the acceptable range." 

Sales within 1 km of an IWT showed a level of appraisal that was higher than the median ASR of sales further away 

(median ASR of 1.034). The lower confidence level of sales within 1 km of an IWT is 1.011. This is well within 5% of the 
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overall level of appraisal (1.011- 0.992 = 1.9%). So, although sales within 1 km of an IWT do have a median ASR above 

the overall level, the difference is not great enough to require value adjustment according to IAAO guidelines. These 
findings are illustrated in the following box plot. 

Figure 4 - ASR by Distance Grouping 
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The dark line within each box represents the median ASR. The lower and upper ends of the box represent the 25th and 

75"' percentiles, respectively. This box plot illustrates that the median ASR for sales within 1 km of an IWT Is slightly 

higher than the other groups, but the boxes for all the groups overlap. See Appendix DS - Distance Boxplots for 

additional graphs. 

Also, between 1 km and 2 km some testing appeared to indicate a difference in the level of appraisal based on the view 

towards the closest IWT. The median ASR for properties with a full view is 1.001 while the median ASR for properties 

with No View is 0.984. This is a difference of 1.7%. This difference is well below 5% without reference to the confidence 

intervals. Again, based on IAAO standards, the difference between median ASRs does not approach the threshold to 

require an adjustment. This is also illustrated using the following box plots. 
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Figure 5 - ASR by Vlew Grouping Sales 1km to 2km to an IWT 

2.00 

I .SO 

1.80 

1.70 

,!! 1.60 .., 
fU 

0:: 1.50 
~ 
j; 1.40 
Cl) 

o 130 .., 
~ 1.20 
;; 
>1 .10----.,, 
!1 .00-+----
C,) 

;j 0.90-1------==F= --------' 
~ ... 
~ o.eo 

0 70 

0 60 

05 0 

0.40 

run none 

standardized vista description 
partial 

The median ASR for full view is slightly higher than the other two view categories but again there is a large amount of 

overlap among the three boxes. See Appendix D6 - View Boxplots for additional graphs. 

In the IAAO Standard on Ratio Studies, 20138,, an equity decision making matrix is provided to allow a jurisdiction to 

determine If equity exists between groups of properties. This matrix has been populated for the two scenarios 

described above. The performance standard range is 0.95 to 1.05. Note that if the point estimate is outside of the 

performance standard range but the confidence Interval does overlap the range, action is not required. 

Table 8 - Decision Making Matrix 

Point 
Confidence Cl Overlaps 

Scenario 
Estimate 

Interval (a) Performance 
Width Standard Range 

<1 km to IWT 1.034 1.011 to 1.057 Yes 
Full View 1 to 2 

1.001 0.981 to 1.026 Yes 
kmtoan IWT 

1 International Association of Assessing Officers, Standard on Ratio Studies, April 2013, p. 35 

Municipal Property Asssessment Corporation (t) 

Point Estimate 
Action 

In Performance 
Required 

Standard Range 
Yes No 

Yes No 
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Therefore, based on the results of this analysis, there Is no inequity with regards to distance to the closest IWT and view 

towards an IWT. 

This finding is consistent with MPAC's 2008 study. MPAC's 2008 study Is lnduded as Appendix E of this report. 

Our findings are also consistent with a third party review of this study conduct by Robert J. Gloudemans. Mr. 
Gloudemans Is an Independent Internationally recognized mass appraisal consultant. MPAC provided Mr. Gloudemans 
with a dataset of all sales less than 5 km from the nearest IWT to conduct his analysis. Mr. Gloudemans' report Is 
Included as Appendix A. 

Municipal Property Asssessment Corporation C 
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STUDY 2- EFFECT OF PROXIMITY TO INDUSTRIAL WIND TURBINES 

ON RESIDENTIAL SALE PRICES 
To determine If sale prices of residential properties are Impacted by being In proximity to IWTs, three blnary variables (O 
- No, 1-Yes) were created based on the following distance groupings: 

IWT_lkm 

IWT_2km 

IWT_Skm 

The home Is within 1 km of the nearest IWT. 

The home Is within 1-2 km of the nearest IWT. 

The centre of the lot Is within 2-5 km of the nearest IWT. 

The requirement for exact location of the house was assumed to be less Important as distance to the nearest IWT 
Increases and the centroid of the lot was deemed acceptable for the purposes of this study for properties further than 2 
km away from the nearest IWT. 

The regression models used to produce the January 1, 2012 Current Value Assessments were recalibrated with these 
variables Included to determine whether they would enter the equation at a statistically significant level. The typical 
significance level for Multiple Regression Analysls ls either 5% or 10%. 

If one or more of the distance variables enters a regression analysis significantly, that Is an indication that distance to an 
IWT affects sale prices In that market area and a value adjustment to the assessed value may be required. 

25 
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SALES UTILIZED 

Table 9 provides a breakdown of the distance srouplns variables for each market area. 

Table 9 - Distance Grouping by Market Area 

':. : ·' Pre-Construction .. Post-COnstructfon . .. 
'Market MPACRegion <11cm 1-Zlcm 2-Slcm <!kin 1-21cm . 2-Slcm 
. ·Area 

OSRR030 OS • IClnpton 0 0 0 7 6 10 

20RR010 20 ·Brantford 0 0 0 19 7 54 

22RR010 22 • Kitchener 1 3 32 20 18 37 

22UR020 22 • Kitchener 0 0 0 0 0 281 

22UR030 22 • Kitchener 0 17 4 0 47 24 

Z3RR010 23· Landon 0 0 1 3 41 53 

24RR010 24 • Goderich 0 0 0 2 2 74 

25RR010 25- OWen Sound 0 2 2 8 10 201 

25UR010 25- OWen Sound 0 0 0 0 14 109 

Z6RR010 26-Chatham 33 81 415 15 96 173 

Z6RR030 26-Chatham 0 0 0 0 23 60 

Z7RR1ZO 27 • Windsor 22 66 185 64 128 397 

Z7UR070 27 • Windsor 0 30 33 1 78 84 

11RR010 31-Sault Ste. 0 0 0 0 12 19 
Marie 

11UR010 31-Sault Ste. 0 0 0 0 8 4 
Marie 

TOTAL 56 199 m 142 490 1584 

This table also Indicates the number of sales occurring pre-construction and post construction periods. Pre-construction 
sales Include sales one year prior to completion of the IWT. 

Two market areas have sufficient sales to test distance groupings and state of IWT construction, namely MPAC Region 

26-Chatham representing Lambton County- Rural/Waterfront (market area 26RR010) and MPAC Region 27-Wlndsor 
representing Essex County (market area 27RR120). Most market areas have sufficient sales within 1 km to test the value 
Impact within that distance. 

The sales period to develop valuation models ranges from December 2008 to December 2011 In these market areas. 

Table 10 provides a summary. 

Municipal Property Asssessment Corporation © 
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Table 10 • Market Area Sales Summary 

Medfal'.I Median Sale Date Median 
Market MPACRegfon Ho~$Ciuare Median 1.otS1ze Range Tiriie Adjusted· 

---Area ·- Footage (sq ft) Age(years) (Acres) (year/nionthl -Sale Price · · 
OSRR030 OS • Kingston 1,314 38 0.53 08/12 -11/11 $219,918 

20RR010 20 -Brantford 1,324 44 0.25 09/01-11/12 $218,254 

22RR010 22 • Kitchener 1,729 33 1.32 09/01-11/12 $401,056 

23RR010 23-London 1,441 40 0.32 09/01-11/12 $230,697 

24RR010 24 • Goderich 1,428 46 0.82 08/12 -11/11 $246,041 

25RR010 25 - Owen Sound 1,340 37 0.61 08/12 -11/11 $219,375 

26RR010 26-Chatham 1,245 52 0.23 09/01-11/12 $129,842 

26RR030 26-Chatham 1,346 39 0.26 09/01-11/12 $176,225 

27RR120 27-Wlndsor 1,305 37 0.20 09/01-11/12 $170,238 

31RR010 31-Sault Ste. 1,086 43 0.26 08/01-11/12 $85,065 
Marie 

OVERALL 1,332 39.S 0.29 09/01-11/12 $218,814 

Refer to Table 1 for market area descriptions. 

When reviewing sale counts for properties within 5 km of an IWT, It was determined that some sales occurred In the 
urban market areas; however, there were no sales of properties In these market cireas within 1 km of an IWT. For the 
purposes of this study, only rural market areas that had sales within 1 km were studied. 

Variables for each distance were added to the model for each market area. If the distance grouping variables entered 
the equation with 5% significance level (95% confidence level), It would indicate very strong statistical evidence that 
distance to the nearest IWT Is Impacting on sale prices. 

Tables 11 and 12 provide the dollar adjustment and an Indication If the variables entered the model with a 10%, 5% or 
1% significance level. Typically, MPAC sets a 5% significance level for any property characteristic to be included In a 
valuation model in accordance with statistical practice. 
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Market 

Table 11 • Dollar Adjustments In Market Areas with lnsuffldent Pre-Construction Sales 

MarketArea MPACReglon <1kni 1.;21on .. 2-Skm 
OSRR030 OS - Kingston +$36,435 .. ONE +$31,832** 

20RR010 20 -Brantford ONE ONE ONE 

22RR010 22 - Kitchener ONE ONE ONE 

23RR010 23-London ONE ONE -$21,021•• 

24RR010 24 - Goderich ONE ONE ONE 

2SRR010 25 - Owen Sound ONE ONE ONE 

26RR030 26-Chatham ONE ONE +$12,261** 

31RR010 31-Sault Ste. ONE ONE ONE 
Marie 

•, .. , • 0 Jndlcate that the dollar adjustment ls statistically significant at the 10%, 5% or 1% significance level, 
respectively (DNE ::r Did Not Enter) 

Table 12 - Dollar Adjustments In Market Areas with Sufficient Pre-Construction Sales 

MPACResfon Pre-Construction Sales Post Construction Sales 
Area <1km 1-Zkm 2-Skm <lkm 1·2km 2-Skm 

26RR010 26-Chatham 
-$6,451* -$3,686* ONE ONE ONE 

27RR120 27-Windsor ONE ONE ONE ONE ONE 

•, ••, ••• Indicate that the dollar adjustment Is statfstlcally significant at the 10%, 5% or 1% significance level, respectively 

(ONE= Did Not Enter) 

Appendix Flncludes the regression outputs referred to Tables 11 and 12. 

Municipal Property Asssessment Corporation e 
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Summary of Findings 

Rural valuation models used for the 2012 base year were re-calibrated incorporating the three distance variables. With 
the exception of MPAC Region 26-Chatham representing Chatham-Kent - Rural/Wallaceburg (market area26RR010} and 
MPAC Region 27- Windsor representing Essex County (market area 27RR120), there were insuffldent sales to study any 
potential difference in Impact pre-construction and post-construction. In the case of market area OSRR030 (MPAC 

Region S-Klngston representing Napanee, Loyalist Township, Frontenac/Lennox & Addington Counties South 
Rural/Waterfront), being within 1 km of an IWT entered the model as a positive value of $36,435. In this market area 
and the 26RR030 market area, the variable representing properties between 2 and 5 km from an IWT also entered 
positively. 

Upon review of the sales database, it was determined that the IWT variables created for this study were highly 
correlated with the neighbourhood locational Identifier. This strong correlation resulted In coefficients that did not make 
appraisal sense, and thus have been negated for the purposes of this study. 

For market areas 26RR010 and 27RR120, sufficient sales data was evident to study the activity on both pre-construction 
and post-construction home sales. In neither instance did any of the variables enter the regression for 27RR120. For 
26RR010, the variable Identifying sales within 1 km of an IWT entered in the pre-construction period, and then only at 
the 10% significance level. The indicated coefficient was -$6,451. The variable representing sales between 1 and 2 km 
away from an IWT also entered at a coefficient of -$3,686, also only at the 10% significance level. In the post
construction period, no variable entered the regression for these areas. Thus, It can be assumed that any Impact, no 
matter how marginal, was Isolated in these areas to the post-announcement, pre-construction period. 

In market area 23RR010 (MPAC Region 23- London representing Elgin, Middlesex & Oxford Counties - Rural), the 
variable used to identify properties 2-Skm away from an IWT entered the regression with a negative coefficient. After 
review of the sales database, it was determined that this variable was highly correlated with the neighbourhood 
locational identifier. This is borne out by the fact that neither of the other~ closer, distance variables entered the 
regression. 

Wrth the exceptions noted above, no distance variables entered any regression equations for any of the other market 
areas. 

To further confirm its findings, MPAC also conducted an additional analysis using approximately 2,000 sales and re-sales 
following similar logic to the Lansink study. The main differences between the February 2013 Lanslnk Study and MPAC's 
re-sale analysis is the sample size and the determination of the increase in the market between re-sales. Using 2,051 
properties and generally accepted time adjustment techniques, MPAC cannot conclude any loss in price due to the 
proximity of an IWT. Appendix G Includes the re-sales analysis. 
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GLOSSARY OF TERMS 

Assessment Roll-An annual listing provided to each taxing authority in the Province of Ontario containing, among 
other things, the current value and tax dassification of each property within the jurisdiction. 

Assessment-to-sale Ratio (ASR)-The ratio obtained by dividing the assessed value of a property by the time adjusted 
sale price ofa property. 

Base Year-The year that an estimate of a property's value Is based on. 

CVA- Current value assessment. The estimated value of a property based on a specific date. 

Direct Comparison Approach to Value (aka sales Comparison Approach to Value)-An approach to valuing a property 
which estimates the current value of a subject property by adjusting the sale price of comparable properties for 
differences between the comparable properties and the subject property. 

Industrial Wind Turbine (IWT) -A wind turbine used to generate at least 1.5 MW of electrldty. 

GPS Co-ordinates -A set of two numbers that reference the latitude and longitude of a point on the Earth. 

Market Area -A market area Is defined as a geographic area, usually contiguous, subject to the same economic 
Influences, where properties tend to Increase or decrease In value together. 

Market Model - Geographic areas subject to the same economic Influences. 

Mass Appraisal-The valuation of a group of properties as of a given date using standardized processes, employing 
common data, and allowing for statistical testing. 

Median · The median of a group of numbers Is the middle number after they have been sorted from lowest to highest. If 
you have an odd number of cases, the median Is the middle value. If you have an even number of cases, the median Is 
the value midway between the two middle values. The median, In comparison to the mean, Is less sensitive to extreme 
values. 

Mepwatt (MW)-A unit of measure In energy generation or consumption. 

MPAC-The Municipal Property Assessment Corporation. A body responsible for determining the correct market value 
and tax classification for all properties In the Province of Ontario, based on current value assessment. 

Regression Analysis -A statistical technique used to analyse data In order to predict the value of one variable, such as 
market value, based on known data (e.g., living area, lot size, quality, location, etc.). 

For more information about MPAC and how MPAC assesses properties, visit www.mpac.ca. 
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ALMY, GLOUDEMANS, JACOBS & DENNE 
Property Taxation aDd AssessmeDt ConsultaJJts 

7830 NORTH 10'" AVENUE• PHOENIX, ARIZONA 86021 • U.SA 
1-802-870-8388 • FAX: 1-802a1-2114 • htlp:/lwww.agJd.com 

Summary of Wind Turbine Analysis 
Robert J. Gloudemans 

December 4, 2013 

Appendix A 

At the request of the Municipal Property Assessment Cotporation {MPAC), the author conducted 
an analysis of residential sales within 5 kilometers of wind turbines. The objective of the project 
was to determine the impact of location near a wind turbine on residential property values. 

The analysis used improved residential sales in nine regions and eight market areas that occmred 
during calendar 2009-2013. Initially 4,332 sales met these criteria. Four sales with assessments 
and/or sales prices below $30,000 and 10 sales having exb.eme assessment-to-sales ratio ofless 
than 0.55 or greater than 1. 70 were removed from consideration, leaving 4,318 sales. 

The dependent variable in the analysis was assessment-to-sales ratios in which 2012 values were 
divided by time-adjusted sales prices. The models that produced 2012 values did not contain 
variables related to proximity near wind turbines. Thus, the relevant question is to what extent 
ratios on these properties are too high because of the absence of such adjustments. Independent 
variables included the following: 

• Distance from the nearest wind turbine, including binary variables for being within one 
kilometer, being within two kilometers, and being within S kilometers 

• A binary variable for abutting a property with a wind turbine 
• View of the nearest wind turbine: full, partial, or none 

Preliminary analyses found no meaningful differences in assessment levels among regions or 
market areas. 

Figure 1 shows a graph of assessment ratios with distance to the nearest wind turbine. A trend 
line has been drawn to the data, along with a horizontal reference line at 1.00. As can be seen, 
there is no meaningful relationship with the possible exception of properties within approximate
ly 1 km. 

Figure 2 contains a box plot of being within 1, 2, or S km of a wind turbine. Again, ratios for 
properties within 1 km appear slightly high, while there is no difference between properties with
in 2 or S km. 

Similarly, figure 3 is a box plot for abutting a wind turbine and figure 4 is a box plot of view of 
the nearest wind turbine (full, partial, or none). Properties with a full view of the nearest wind 
turbine may have slightly higher ratios. Of course, these will also tend to be those properties 
closest to a wind turbine. Regression analysis will determine the relevant variables. 
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Figure 5 shows the initial regression model. The Adjusted R-Square is .006 (meaning that the 
model explains only 0.6% of the variation in assessment ratios). The only significant variable, 
with a coefficient of 0.045, is being within 1 km of a wind turbine. The variable is significant at 
the 99% confidence level. 

Since the graphs and initial model revealed little systematic difference in ratios by any of the 
candidate variables, the ratios were further trimmed at 0.70 and 1.40 and the model rerun to dis
cern relationships more clearly (3.0% of ratios exceeded the trim points). Figure 6 shows the 
revised results. Distance within 1 km is still the only significant predictor with a coefficient of 
.037 and relatively strong t-value of 4.7 (again significant at the 99% confidence level). 

Finally, sales within 1 kilometer were divided into those with a full view (183 sales), those with 
a partial view (32 sales), and those with no view of a wind turbine (54 sales). Figure 7 shows the 
resulting model with the three variables. Ironically, no view enters while partial view does not. 

We conclude that presence of a wind turbine (or turbines) has a statistically significant but minor 
impact on property values in the study area. The most relevant variable is close proximity. 
Based on the available data, distance within 1 km of a wind turbine tends to lower values approx
imately 4 %. 

Figure 1-Graph of Ratios with Distance to the Nearest Wind Turbine 
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Figure 2 - Graph of Ratios with Kilometers (1, 2, or 5) to the Nearest Wind Tmbine 
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Figure 3 - Graph of Ratios with Abutting a Property with a Wind Turbine (0 = No, 1 = Yes) 
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Figure 4 - Graph of Ratios with View of Nearest Wind Turbine 

t. 

1.60 

0 , _ 

i 

0 
0 

8 
0 

8 

View of Wind Turbine 

Figure 5 - Initial Regression Model 

Md IS o e ummary 

Adjusted R Std. Error of the 

Model R R SQuare SQuare Estimate 

1 .076 .006 .006 .14514 

Coefficients 

Standardized 

Unstandardized Coefficients Coefficients 

Model B Std. Error Beta 

1 (Constant) 1.003 .002 

Within 1 km .045 .009 .076 

t Sia. 

439.333 .000 

5.024 .000 
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Excluded Variables 

Collinearity Sta-

Partial Correla- tistlcs 

Model Beta In t Ski. tlon Tolerance 

1 Abutting Wind Turbine .003 .167 .867 .003 .899 

VIEW_FULL .021 1.208 2ZT .018 .739 

VIEW_PARTIAL -.017 -1.121 .262 -.017 .983 

Wlthln2km -.006 -.399 .690 -.006 .980 

Distance to nearest turbine -.010 -.579 .563 -.009 .811 

Figure 6 - Revised Model With Outlier Ratios Removed 

M odel Summary 

Adjusted R Std. Error of the 

Model R RSauare Sauare Estimate 

1 .072 .005 .005 .12595 

Coefficients 

Standardized 

Unstandardized Coefficients Coefficients 

Model B Std. Error Beta t Sig, 

1 (Constant) 1.000 .002 496.937 .000 

Within 1 km .037 .008 .072 4.681 .000 

Excluded Variables 

Collinearity Sta-

Partial Correla- tlstlcs 

Model Betaln t Sig. lion Tolerance 

1 Abutting Wind Turbine -.024 -1.501 .134 -.023 .908 

VIEW_FUU .017 .935 .350 .014 .738 

VIEW_PARTIAL -.016 -1.010 .312 -.016 .983 

Wllhln2km -.008 -.497 .619 -.008 .980 

Distance to nearest turbine -.006 -.379 .705 -.008 .812 
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Figure 7 - Model With Sales within 1 Km Categorized by View (Full, Partial, or None) 

Modal Summary 

2 

R RSQuare Adjusted R 5QUare Std. Error of the Estimate 

.075 .006 .005 .12594 

Coefficients 

2 

Unstandardized Coefficients Standardized Coefficients 

B Std. Error Beta t Ski. 

(Constant) 1.000 .002 499.070 .000 

Full View .034 .010 .056 3.609 .000 

No View .057 .017 .051 3.331 .001 

Excluded Variables 

2 

ColUnearitv Statistics 

Betaln t SI~. Partial Correlation Tolerance 

Partial View .012 .796 · .426 .012 1.000 
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Robert J. Gloudemans 
Robert J. Gloudemans is a partner in Almy, Gloudemans, Jacobs & Denne. Bob previously 
worked for IAAO and the Arizona Department of Revenue. He provides consulting services in 
mass appraisal modeling, computer-assisted appraisal systems, and ratio studies and has served 
over 100 clients in the U.S., Canada, and internationally. He has served three appointments on 
the IAAO Standards Committee and has contnlmted extensively to the mass appraisal litera
ture. He is the author of Mass Appraisal of Real Property (IAAO, 1999) and with his partner, 
Richard Almy, co-author of the new IAAO textbook, Fundamentals of Mass Appraisal (IAAO, 
2011). 
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Appendix B 

MUNICIPAL PROPERTY ASSESSMENT CDRPCJRATIDN 

Industrial Wind Turbines - Inspection Project 

Work Instructions 

2013-05-01 

Provided by: Assessment Standards & Mass Appraisal 
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Work Instructions 

Objective 

MPAC is undertaking a study to determine whether properties within 2km of an industrial wind turbine 

(IWT) are valued equitably compared to properties further away. That is not to say that that IWTs do 

not affect value; but rather that any affect on value is accounted for in the 2012 current value 

assessments, or that the 2012 current value assessments are within standards. 

A preliminary study has already been completed by looking at the centre of properties with IWTs and 

reviewing the sales on properties whose centre is within 1km, 2km, and 5km. 

MPAC is now looking to expand the study by using the exact geographic co-ordinates of the IWTs and 

the co-ordinates of the surrounding houses. 

MPAC has purchased the geographic co-ordinates of most IWTs across the province. However, upon 

reviewing the data, it has come to light that: (1) there are roll numbers on IPS with IWTs where the data 

provider did not deliver co-ordinates; and (2) the data provider delivered co-ordinates for IWTs and 

MPAC has no structure keyed on IPS on those roll numbers. 

Before continuing with the study, both of these situations need to be addressed with the assistance of 

staff in Valuation and Customer Relations. 

Once this data Is collected and analyzed by Assessment Standards and Mass Appraisal (ASMA), 

additional data collection will be required for sold properties in proximity to properties with IWTs. 

Instructions 

Two files are being distributed with these instructions - one file contains roll numbers requiring staff to 

collect the geographic co-ordinates of the IWT(s) on a property (MPAC already has the IWT assessed); 

and the other file contains roll numbers requiring staff to assess the IWT(s) on a property (MPAC already 

has the geographic co-ordinates). 

2 
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1. Roll Numbers Requiring Staff to Collect the Geographic Co-ordinates of the IWT(s) on a 

Property 

To collect this data will require the use of a GPS device. For this project, we will use the 

"Garmin GPSMAP 76Cx color map navigator", which will provide the latitude and longitude that 

is required. These units were used during the Provincial Land Tax (PLT) project in Northern 

Ontario in 2007. Instructions on using the device are found in Appendix 1. 

The inventory file contains a list of roll numbers where MPAC data contains a structure code 

567 (Wind Turbine) on IPS. However, the data provider did not supply geographic co-ordinates. 

Note that there Is one line in the inventory per IWT, not per roll number. The inventory 

contains the IPS structure number of the IWT, it's year of construction, and the generating 

capacity of the IWT in Megawatts (MW). The final column, "Estimated", indicates whether the 

generating capacity has been estimated based on the value attributed to the structure. If 

possible, confirm the capacity while obtaining the co-ordinates - there should be a plate/stamp 

on the IWT with the generating capacity. 

When recording the co-ordinates for the lwrs, take the measurement from as close to the IWT 

as possible. Hold the device as steady as possible for two minutes or until the co-ordinates 

stabilize, whichever comes first. 

If you are unable to obtain close co-ordinates due to fences or other obstructions, take the 
measurement from as close as you possibly can; preferably such that there is a straight line 
between you and /WT, perpendicular to the road, and estimate what you think the distance is 
between where you take the measurement and where the IWT sits. Make sure that this is all 
recorded in the Comments. If possible, take a picture as well, and include it when you return the 
inventory files. Upon returning to the office, use iLOOKABOUI'., in an attempt to obtain more 
accurate co-ordinates. However, since these properties are generally in rural areas, you may 
not be able to obtain co-ordinates accurately using digital imagery. In either caseJ make note in 
the inventory that you have had to approximate the co-ordinates and the reason. 

2. Roll Numbers Requiring Staff to Assess the IWT(sl on a Property 

This inventory file contains a list of roll numbers where MPAC does not have an IWT on the 

Structure tab of IPS, but according to the data source purchased, there Is an IWT on the 

property. Note that for properties valued outside of IPS, we may In fact have the IWT 
assessed. In some situations, it may be that there Is an IT portion on the property with the 

correct value, representing the IWT and corresponding land, but no structure has been keyed 
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and no industrial land component created and valued. If this is the case, update IPS wrth the 

correct data. 

For the roll numbers in this Inventory, you are required to collect the data on the IWTs, key the 

structure and appropriate value into IPS, create an industrial land component with an 

appropriate value in IPS, and Issue a supplementary or omitted assessment if required. Note 

that for properties valued outside of IPS, these steps may be somewhat different; however, 
regardless of where a property is valued, IPS should contain a structure line for every IWT. Of 
course, if there are any outstanding permits on DTS for the IWTs, ensure that they are marked 

as complete. 

Some roll numbers in the inventory have (potentially) multiple IWTs to be assessed. If you find 

more IWTs on a property as compared to the inventory, make a note in the Comments field and 

include the co-ordinates. If you find less IWTs on a property as compared to the inventory, 

attempt to ascertain whether the IWTs you do find match anything on the inventory. If in 

doubt, please add as much detail to the Comments field on the inventory to help us understand 

the situation. 

If the IWT is still In the process of being erected, please make a note In the comments field of 

the inventory file. 

If there is no indication of any IWT on the property, or going to be added to the property in the 

near future, Indicate this in the comments field of the inventory file. 

What to do if the Owner isn't Home or Entry is Refused (from the Residential 

Valuation Theory and Data Collection Manual) 

If a property owner or any other adult person with authority does not appear to be 

present at the time of the visit, or it appears no one is at home at the time of the 

visit, you will make every reasonable effort to confirm no one is at home and verbal 

contact is not possible. Immediately upon confirmation that no one is at home, you 

must attach a proper notice to the main or common entrance door or in the 

alternative the mailbox, if available, explaining the reason for your visit. The notice 

will provide the owner/adult with authority with a method to contact MPAC 

subsequent to the visit to discuss the reason for the visit and/or provide information 

that may be requested concerning the property. After you place the notice, you will 

then continue to complete an exterior inspection of the property while respecting 

areas with restricted access. (But on/ if it is believed no one is at home.) 
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Reminder: typical inspection procedures are to be followed; and IPS should be updated as 

required. 

Workload Counts by Region (by Roll Number) 

Inventory 1 lnventoryZ Total 

2 3 5 
29 0 29 
0 1 1 

45 20 65 
37 0 37 
22 0 22 
41 14 55 
93 94 187 
20 67 87 
0 4 4 

Questions 

If you have any questions, please contact one of the following: 

Jamie Stata OR 
Region 25 - Owen Sound 
519-371-9432 ext 262 
Jamie.Stata@mpac.ca 

s 

Scott Bradfield 
Region 20 - Brantford 
519-758-9591 ext 251 
Scott.Bradfield@mpac.ca 

OR Jason Moore 
Region 18 - St. Catharlnes 
905-688-1968 ext 275 
Jason.Moore@mpac.ca 
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Appendix 1 - Using the "Garmin GPSMAP 76Cx 

color map navigator" 

Using these devices indoors may cause interference for the satellites which it uses to obtain co
ordinates. If you're "getting to know" the device before taking it in the field to use, you may 
not get the results/steps below unless you're outside. 

For example, you may see that It's "Acquiring Satellites" indefinitely, or for a very long time. 

You may get the following message - if you do, chose "New Location". 

Insert two AA batteries into the device. 

Turn the device on, by pressing and holding the .button for a few seconds. 

Press the • button until you come to a screen showing satellites orbiting the earth. The 
screen may say "Acquiring Satellite" at the top until it has locked onto enough satellites. 

6 
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Once numbers appear in the upper right hand of the screen, you are ready to obtain the 
geographic co-ordinates. 

In the above example, you would record Co-ordinate 1 as 43.16150; and Co-ordinate 2 as 

080.27000. Please record all numeric digits, including zeros. Do not include the N (for North) 

or W (for West) as all of Ontario is North of the Equator; and West of the Prime Meridian 

With the exception of putting the batteries in the device, these steps may need to be repeated 

each time the device is turned off/on. However, there is a car charger that you can plug in 

which will allow you to keep the device turned on between properties. 

1 
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Appendix 2 - Using AIM to Find Co-ordinates 

AIM has the capability to plot the co-ordinates provided in the inventory file. 

Log into AIM. 

Near the top, beside "Locate", select ddd.ddddd from the drop down. Enter the number under 

Coordinate_! in the "Lat:" field. In the "Long:" field, enter the number under Coordinate_2, 

with a negative sign in front of it. 

For example, to see exactly where on a property the IWT may be for the following line: 

Search in AIM as follows: 

Assusment Roil r...rber 
Quick Se<arch 

•Cl ] Locate ddd.lldddd • tat ~ long: ~ - J 

This will show the location of the expecte·d IWT on the property: 

\ ~\ 
Tl<>lO 

/ 

o_ __ ,, .. 
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AppendixC 

MUNICIPAL PROPERTY ASSESS M ENT CORPORATION 

Industrial Wind Turbines - Phase 2: Sale Reviews 

Work Instructions 

2013-07-23 

Provided by: Assessment Standards & Mass Appraisal 
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Work Instructions 

Objective 

MPAC is undertaking a study to determine whether properties within 2km of an industrial wind 

turbine (IWT} are valued equitably compared to properties further away. That is not to say that 

that IWTs do not affect value; but rather that any affect on value is accounted for in the 2012 

current value assessments, or that the 2012 current value assessments are within standards. 

In the first step of this project, staff from Valuation & Customer Relations visited properties on 

which IWTs sit, to collect the geographic co-ordinates. 

In this phase of the project, properties within 2 km of these IWTs, which have sold, will be 

inspected and the sale(s} reviewed. 

Instructions 

One file is being distributed with these instructions - containing a list of sales requiring a field 

visit and a review of the sale. 

Staff are to review each sale to determine its' validity, to verify the data at the time of the sale, 

and to verify the data as of the date of inspection. Additionally, staff are to collect the co

ordinates of the corner of the house closest to the IWTs, and take a photo(s) from this corner of 

the house towards the closest IWT (photos labelled as the roll number with" _1", "_2", etc. for 

multiple photos). If there are multiple IWTs surrounding the property, the closest IWT would 

be used. Leave "call back'' forms if you are unable to talk to the owner. If they do not call back 

within a reasonable amount of time, do your best to estimate, and note this in the Comments 

field of the spreadsheet. 

If the sale has already been reviewed (onsite or with a Residential Sales Questionnaire), use the 

data provided. However, we still require the photo and the co-ordinates. 

In the spreadsheet, staff should populate the Analysis column (Y or N}, the House Coordinates 
column, the Major Value Change column (Y or N, if the changes found at time of sale would 

change the 0/ A of the property by at least {approximately} ± 5% or± $10,000}, and finally the 

Description of View Towards /WT column. There is also a Comments field to add anything that 

you feel should be noted. If you are invalidating a sale, use this field to explain why. 

2. 
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As is standard practise while reviewing sales, staff should update the Time of Sale (TOS) 

snapshot in IPS (manually via the Sales tab until EMS returns the use of the pop-up box), and 

update the Current Maintenance view with the data on the property at the time of the 

inspection. 

If a property is vacant land, obtain co-ordinates and a photo from as close to the centre of the 

property (length-wise and width-wise) as possible. 

As in the first stage of this project, we will be using the "Garmin GPSMAP 76Cx color map 

navigator" to collect the co-ordinates. These devices provide co-ordinates as latitude and 

longitude (also known as decimal degrees}. These may look like 42.01425 and -84.00244, or 

similarly N 42.01425• and W 84.00244°. Other devices, such as the GPS devices in our 

corporate vehicles, provide co-ordinates in a different format - degrees minutes and seconds. 

This may look like 42°01'33.024'' and -84°13'56.676", or simply 420133.024 and -841356.676. 

The preference is to use the Garmin devices, but since there are only 6 across the province, the 

use of the car GPS devices is acceptable - as long as an entire office is done consistently, and 

we are notified as to which device your office used. 

When recording the co-ordinates, take the measurement from as close to the corner of the 

house as possible. Hold the device as steady as possible for two minutes or until the co

ordinates stabilize, whichever comes first. 

If you are unable to obtain close co-ordinates due ta fences or other obstructions, take the 
measurement from as close as you possibly can; preferably such that there is a straight line 
between you and corner of the house, perpendicular to the road, and estimate what you think 
the distance is between where you take the measurement and where the corner of the house 
sits. Make sure that this is all recorded in the Comments. If possible, take a picture as well, and 
include it when you return the inventory files. Upon returning to the office, use iLOOKABOUT1"' 
or Google Earth 7"' in an attempt to obtain more accurate co-ordinates. However, since these 
properties are generally in rural areas, you may not be able to obtain co-ordinates accurately 
using digital imagery. In either case, make note in the inventory that you have had to 
approximate the co-ordinates and the reason. 

Notes 

1. Typical Inspection procedures are to be followed; and IPS should be updated as 
required. 

2. Do not use the abuts or proximity to wind turbine variables. If any reduction Is 

warranted due to this study, we will have these fields populated. 

3 
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Workload Counts by Region (by Roll Number) 

Zone Region # of Sales 

# of Unique 

Roll 
Numbers 

Zone Total 

# of Sales 

22 

23 

1 24 

26* 

27* 

2 20 

5 25 
6 05 

1 31 

174 
73 

9 

52 
63 

32 
23 

163 
71 

9 

448 

334 

51 
61 
31 
21 

1,070 

52 
63 
32 
23 

• Regions 26 and 27 had previously requested a preliminary list of sales. These sales are also Included In the 

current sales files, with a column {"Orlginalllst") to indicate that they were present in the first list. The numbers 

above represent the new sales since the first lists and NOT the total including those already given. 

Questions 

If you have any questions, please contact one of the following: 

Jamie Stata OR 
Region 2S - Owen Sound 
519-371-9432 ext 262 
Jamie.Stata@mpac.ca 

4 

Scott Bradfield OR 
Region 20 - Brantford 
519-758-9591 ext 251 
Scott.Bradfield@mpac.ca 

Jason Moore 
Region 18 - St. catharines 
905-688-1968 ext 275 
Jason.Moore@mpac.ca 
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Appendix 1- Using the "Garmin GPSMAP 76Cx 

color map navigator" 

Using these devices indoors may cause interference for the satellites which it uses to obtain co

ordinates. If you're "getting to know" the device before taking it in the field to use, you may 

not get the results/steps below unless you're outside. 

For example, you may see that it's "Acquiring Satellites" indefinitely, or for a very long time. 

You may get the following message - if you do, chose "New Location". 

Insert two AA batteries into the device. 

Turn the device on, by pressing and holding the . button for a few seconds. 

Press the. button until you come to a screen showing satellites orbiting the earth. The 

screen may say "Acquiring Satellite" at the top until it has locked onto enough satellites. 

s 
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Once numbers appear in the upper right hand of the screen, you are ready to obtain the 

geographic co-ordinates. 

In the above example, you would record Co-ordinate 1 as 43.16150; and Co-ordinate 2 as 

080.27000. Please record all numeric digits, including zeros. Do not include the N (for North) 

or W (for West) as all of Ontario is North of the Equator; and West of the Prime Meridian 

With the exception of putting the batteries in the device, these steps may need to be repeated 

each time the device is turned off/on. However, there is a car charger that you can plug in 

which will allow you to keep the device turned on between properties. 

6 
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Appendix 2 - Using AIM to Find Co-ordinates 

AIM has the capability to plot the co-ordinates provided in the inventory file. 

Log into AIM. 

Near the top, beside "Locate", select ddd.ddddd from the drop down. Enter the number under 

Coordinate_l in the "Lat:" field. In the "Long:" field, enter the number under Coordinate_2, 

with a negative sign in front of it. 

For example, to see exactly where on a property the IWT may be for the following line: 

Search in AIM as follows: 

1":'"\ Assessment Roi f'urber 
\.:Y, Quick Search - - --- -----

• ~] Locate 

This will show the location of the expected IWT on the property: 

\ \ 

\ ~\ • 

·----------------1)00 ::l)l.lO!XD:')TNJ 

<>--" 
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Appendix D1 - Abutting a Property with an IWT 

Ratio Statistics - Property Abuts a Property with an IWT 

Case Processing Summary 

Count 
OVerall 32 
Excluded 0 
Total 32 

Ratio Statistics for cva2012 / tas_amt 

Mean 
95% Confidence Interval Lower Bound 
for Mean Upper Bound 

1.051 
.976 

1.126 

Median 1.002 
95% Confidence Interval Lower Bound .929 
for Median Upper Bound 1.121 

Actual Coverage 98.0% 

Appendix 01 

The confidence Interval for the median Is constructed without any dlstributlon assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonna! distribution for the ratios. 

Sales within 1 km of an IWT by Abutting Wind Turbine 

Case Processing Summary 

Count Percent 
ABUTTING 0 No 248 88.9% 
WINDTURBiNE 1 Yes 31 11.1% 
Overall 279 100.0% 
Excluded 0 
Total 279 

Ratio Statistics for cva2012 / tas_amt 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lower Bound UnnarBound Median Lower Bound UcoerBound Coveraae 
0 No 1.051 1.031 1.071 1.040 1.015 1.058 95.1% 
1 Yes 1.052 .974 1.130 .989 .929 1.121 97.1% 
Overall 1.051 1.032 1.071 1.034 1.011 1.057 95.8% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confldence Intervals are constructed by assuming a Nonnal distribution for the ratios. 

Page 1 
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Appendix D2 - CVA and Tas_Amt Bar Charts 

Bar Chart All Sales 
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Bar Charts All Sales by Market Area 

2012 Current Value 
Assessment 
Time Adjusted Sale Price 

Appendix D2 
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C ca 
i5 

Market Area: Napanee,Loyallst Twp, Frontenac/Lennox & Addington Counties South Rural/WF 
2012 Current Value 
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Tlme Ad'JUsted Sale Price 
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Appendix 03 

Appendix D3 • Distance by Market Area and Type 

Ratio Statistics by Distance All Sales 

Case Processing Summary 

Count Percent 
Buffef01st_mln 1.00 Within 1km 279 .7% 

2.00 1km to 2km 989 2.4% 
5.00 2km to 5km 3063 7.4% 
6.00 Outside 5km 37093 89.5% 

Overall 41424 100.0% 
Excluded 0 
Total 41424 

Ratio Statistics for cva2012 / tas_amt 

95% Confidence Interval for 
Mean 

Grouo Mean Lower Bound Uoner Bound Median 
1.00 Within 1km 1.051 1.032 1.071 1.034 
2.00 1km to 2km 1.005 .995 1.015 .989 
5.00 2km to 5km 1.003 .998 1.008 .992 
6.00 Outside 5km .999 .997 1.000 .992 
Overall 1.000 .998 1.001 .992 

The confidence lnteMll for the median Is ccnstructed without any distribution assumptions. The actual coverage level may be 
greater than the spedfled level. Other confidence Intervals are constructed by assuming a Nonnal distribution for the ratios. 

Ratio Statistics for cva2012 / tas_amt 

95% Confidence Interval for Median 
Actual 

Grouo Lower Bound UcD&rBound - e 
1.00 Within 1km 1.011 1.057 95.8% 
2.00 1km to 2km .979 1.000 95.1% 
5.00 2km to 5km .988 .997 95.3% 
6.00 Outside 5km .991 .993 95.0% 
Overall .991 .994 95.0% 

The confidence Interval for the median Is construded without any distribution assumptions. The actual coverage level may be 
greater than the spedfled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

Ratio Statistics by Distance by Market Model Area 

MODEL = 05RR030 Napanee,Loyallst Twp, Frontenac/Lennox & Addington 
Counties South Rural/WF 
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Case Processing Summary' 

Count Percent 
ButrerOist_mln 1.00 Within 1km 13 .5% 

2.00 1km to 2km 7 .3% 
5.00 2km to 5km 8 .3% 
6.00 Ou1slde 5km 2606 98.9% 

Overall 2634 100.0% 
Excluded 0 
Total 2634 
a. MODEL = 05RR030 Napanee,LoyaDst Twp, Frontenac/Lennox & Addington Counties South RurallWF 

Ratio Statistics for cva2012 / tas_amtt 

95% Confidence Interval for 
Mean 

GIOUD Mean Lower Bound UooerBaund Medlan 
1.00 WHhln 1km 1.015 .893 1.136 .981 
2.00 1km to 2km 1.061 .764 1.358 1.105 
5.00 2km to 5km .981 .831 1.090 .949 
6.00 Outside 5km .999 .994 1.004 .988 
Overall .999 .994 1.004 .986 

The conffdence Interval for Ute median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than Ute specified level. OUter confidence Intervals are constructed by assuming a Normal dlslrlbutlon for Ute ratios. 

1. n 1 
2.00 1km to 2km 
5.00 2km to 5km 
6.00 Outside 5km 
Overall 

Ratio Statistics for cva2012 / tas_amtt 

95% Confidence Interval for Median 

Lower Bound 
.813 
.655 
.727 
.981 
.981 

Actual 
e 

97.8% 
98.4% 
99.2% 
95.2% 
95.1% 

The confidence Interval for Ute median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than Ute specffled level. Other confidence Intervals are constructed by assuming a Nonna! distribution for Ute ratios. 

a. MODEL= 05RR030 Napanee,Loyallst Twp, Frontenac/Lennox & .Addington Counties South RurallWF 

MODEL = 20RR010 Brant, Halldmand, Norfolk Counties - Rural/WF 

case Processing Summary' 

Count Percent 81,,._, _____ min 1.oo Within 1 km 25 .5% 
2.00 1km to 2km 9 .2% 
5.00 2km to 5km 71 1.4% 
6.00 Outs!de 5km 4868 97.9% 

Overall 4973 100.0% 
Excluded 0 
Total 4973 

a. MODEL= 20RR010 Brant, Haildmand, Norfolk Counties - RuralJWF 
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Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 

Grouo Mean Lower Bound UooerBound Median 
1.00 Within 1km 1.038 .en 1.100 1.020 
2.00 1km to 2km .961 .808 1.113 .933 
5.00 2km to 5km 1.046 .998 1.093 1.033 
6.00 Outside 5km .986 .983 .990 .980 
Overall .987 .984 .991 .981 

The confidence Interval for the med1an Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the spedfled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for Median 
Actual 

Groug Lower Bound UcoerBound Coverage 
1.00 Within 1km .941 1.118 95.7% 
2.00 1km to 2km .801 1.112 96.1% 
5.00 2km to 5km .997 1.073 96.8% 
6.00 Outside 5km .976 .984 95.0% 
Overall .976 .984 95.3% 

The confidence Interval for the med1an Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the spedfled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL = 20RR010 Brant, Halldmancl, Norfolk Counties • Rural/WF 

MODEL = 22RR010 Dufferln & Wellington Counties - Rural 

Case Processing Summa,ya 

Count Percent 
BUfferOist_mln 1.00 Within 1 km 26 1.5% 

2.00 1 km to 2km 25 1.4% 
5.00 2km to 5km 83 4.8% 
6.00 Outside 5km 1597 92.3% 

Overall 1731 100.0% 
Excluded 0 

·Total 1731 
a. MODa = 22RR010 Oufferln & Wellington Counties· RuraJ 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence lntemd far 
Mean 

Grouo Mean Lower Bound UoDSrBound Median 
1.00 VVIU1Ul 1Km 1.042 .975 1.110 1.010 
2.00 1km to 2km 1.024 .949 1.099 1.071 
5.00 2km to 5km 1.029 1.000 1.059 1.024 
6.00 Outside 5km 1.008 1.001 1.014 1.003 
Overall 1.009 1.003 1.018 1.004 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the spedfied level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

Page3 

Exhibit A15-2

 
015418



Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for Median 
Actual 

1.00 .943 1.090 97.1% 
2.00 1kmto2km .921 1.137 95.7% 
5.00 2km to 5km .994 1.049 95.2% 
6.00 outside 5km .993 1.011 95.5% 
Overall .996 1.012 95.1% 

The confidence Interval for the median Is construded without any dlslrfbutfon assumptions. The actual coverage level may be 
greater than the spedfted level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL = 22RR010 Dufferln & WelDngton Counties - Rural 

MODEL = 22UR020 Dufferln County Villages 

case Processing Summary" 

Count 
404 

2017 
OVerall 2421 
Excluded 0 
Total 2421 
a. MODEL = 22UR020 Dufferln County Villages 

Percent 
16.7% 
83.3% 

100.0% 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 

Gl'OUD Mean Lower Bound UnnarBound Median 
5.00 2km to 5km .982 .973 .992 .976 
6.00 Outside 5km .993 .990 .996 .991 
OVerall .991 .988 .994 .988 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual co~e level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal disbibutlon for the ratios. 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for Median 
Actual 

Grouo LowerBound UnnerBound . 
5.00 2km to 5km .969 .986 95.9% 
6.00 Outside 5km .987 .995 95.5% 
Overall .985 .992 95.4% 

The confidence Interval for the medlan Is constJUded without any dlsbibutlon assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal dlsbibutlon for the ratios. 

a. MODEL= 22UR020 Dufferln County Villages 

MODEL = 22UR030 Wellington County Villages 
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Case Processing Summary' 

Count Percent 
Buffer0ist_mln 2.00 1km to 2km 92 3.8% 

5.00 2km to 5km 32 1.3% 
6.00 Outside 5km 2300 94.9% 

Overall 2424 100.0% 
Excluded 0 
Total 2424 
a. MODEL = 22UR030 Welllngton County VIiiages 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 

Group Mean Lower Bound UcoerBound Median 
2.00 1 km to 2km .952 .922 .983 .948 
5.00 2km to 5km .981 .924 1.038 .951 
6.00 Outside 5km .989 .985 .993 .988 
Overall .987 .983 .991 .986 

The ccnflclence Interval for U,e median Is constructed without any dlsb'ibutton assumptions. The actual coverage level may be 
greater U,an the specified level. OU1er confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for Median 
Actual 

Group Lower Bound UocerBound CoV81'8Qe 
2.00 1km to 2km .905 .967 95.3% 
5.00 2km to 5km .902 1.031 98.0% 
6.00 Outside 5km .984 .993 95.2% 
OveraD .981 .991 95.1% 

The confidence Interval for Uie median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than Uie specffled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL = 22UR030 Wellington County Villages 

MODEL = 23RR01 O Elgin, Middlesex & Oxford Counties - Rural 

Case Processing Summaryl 

Count Percent 
Buffer01st_mln 1.00 Within 1km 4 .1% 

2.00 1kmto2km 52 1.2% 
5.00 2km to 5km 72 1.6% 
8.00 Outside 5km 4300 97.1% 

OveraD 4428 100.0% 
Excluded 0 
Total 4428 
a. MOOa = 23RR010 Elgin, Middlesex & Oxford Counties - Rural 
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Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 

GrouD Mean Lower Bound UcoerBound Median 
1.00 Wttnln 1km 1.073 .987 1.160 1.063 
2.00 1km to 2km .994 .936 1.052 .935 
5.00 2km to 5km 1.017 .979 1.056 1.009 
6.00 Outside 5km 1.040 1.036 1.043 1.030 
Overall 1.039 1.035 1.043 1.029 

The confidence Interval for Uie median Is constructed without any distribution assumptions. The actual coverage level may be 
greater Uian the specified level. Other confidence Intervals are constructed by assuming a Nonnal distribution for Uie ratios. 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for Median 
Actual 

Grouo Lower Bound UooerBound Coveraoe 
1.00 Within 1km 1.025 1.142 100.0% 
2.00 1km to 2km .899 1.023 96.4% 
5.00 2km to 5km .974 1.042 95.6% 
6.00 Outside 5km 1.026 1.034 95.1% 
Overall 1.025 1.033 95.1% 

The confidence Interval for Uie median ts constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL= 23RR010 Elgin, Middlesex & Oxford Counties - Rural 

MODEL = 24RR010 Huron & Perth Counties - Rural/Waterfront 

Case Processing Summary8 

Count Percent 
BufferOlst_mln 1.00 Within 1km 2 .2% 

2.00 1km to 2km 3 .3% 
5.00 2km to 5km 98 11.0% 
6.00 Outside 5km 786 88.4% 

Overall 889 100.0o/o 
Excluded 0 
Total 889 
a. MODEL= 24RR010 Huron & Perth Counties - Rural/Waterfront 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 

GIOUD Mean Lower Bound UooerBound Median 
1.00 Within 1km 1.219 .478 1.960 1.219 
2.00 1kmto2km 1.153 .879 1A27 1.170 
5.00 2km to 5km 1.027 .994 1.059 1.021 
6.00 Outside 5km 1.012 1.001 1.024 1.001 
Overall 1.015 1.004 1.026 1.006 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the spedffed level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 
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Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval far Median 

Lower Bound u 
1km 1.161 100.0% 

2.00 1km ID 2km 1.038 100.0% 
5.00 2lan ID 5km .998 98.7% 
8.00 Outside 5km .990 95.0% 
OveraD .994 1.018 95.8% 

The conftdence fntalval far the median la constructed without any dlstrfbutfon assumpllons. The actual coverage level may be 
greater than the specified kMI. Other confidence Intervals are constructed by assuming a Normal dlstrtbu1lon for the ratios. 

a. MODB. = 24RR010 Huron & Perth Counties - Rural/Waterrront 

MODEL= 25RR010 Grey & Bruce Counties • RuralJWaterfront 

Case Processing Sununaryl' 

OveraD 
Excluded 
Total 

2.00 1km to 2km 
5.00 2km ID 5km 
8.00 OUtslde 6km 

Count 
12 
19 

285 
2692 
2988 

0 
2988 

Percent 
.4% 
.6% 

8.9% 
90.1% 

100.0% 

a. MODB. = 25RR010 Grey & BNC8 Counties· Rural/Waterfront 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 

~ Mean LowerBound UDDSr Bound Median 
1.W WID1ff11km 1.131 .944 1.318 1.045 
2.00 1km to 2km 1.038 .969 1.107 1.029 
5.00 2km ID 5km 1.016 .995 1.037 1.005 
8.00 OUtside 5km 1.027 1.021 1.034 1.015 
OveraD 1.027 1.020 1.033 1.013 

The conftdence lntaMd far the median Is construc:ted without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonnal dlsbfbutlon for the ratios. 
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Ratio Statistics for cva2012 / tas_amt'I 

95% Confidence Interval for Median 
Actual 

n 1 .917 1.271 96.1% 
2.00 1kmto2km .941 1.092 98.1% 
5.00 2km to 5km .986 1.022 95.1% 
8.00 OUtslde 5km 1.008 1.022 95.3% 
OveraD 1.008 1.021 95.4% 

The confidence Interval for the median Is constructad without any dlslrlbutlon assumptions. The aclual coverage level may be 
greater than the specified level. Other conffdence Intervals are constructed by assuming a Normal d1strlbutlon for the ratios. 

a. MODB. = 25RR010 Gray & Bruce Counties- Rural/Waterfront 

MODEL= 25UR010 Grey & Bruce Counties • Urban 

Casa Pl'OC8881ng summar,a 

Overall 
Excluded 
Total 

Count 
18 

181 
4180 
4357 

0 
4357 

Percent 
.4% 

3.7% 
95.9% 

100.0% 

a. MODEL = 25UR010 Gray & Bruce Counties - Urban 

Ratio Statistics for cva2012 / tas_amt'I 

95% Confidence Interval for 
Mean 

Grouo Mean Lower Bound UDD&r Bound Median 
2.00 1km to 2km 1.007 .940 1.075 1.028 
5.00 2km to 5km 1.005 .982 1.028 .978 
8.00 Outside 5km 1.019 1.015 1.023 1.011 
OveraD 1.018 1.014 1.022 1.010 

The conffdence Interval for the median Is constructad without any distribution assumptions. The acluaJ coverage level may be 
greater than the spec:lftad level. Other conftdenca Intervals are constructed by assuming a Normal distribution for the ratios. 

Ratio Statistics for cva2012 / tas_amt'I 

95% Conffdenca Interval for Median 
Actual 

~ Lower Bound Um,arBound - e 
2.00 1kmtD2km .899 1.134 97.9% 
5.00 2km to 5km .962 .998 96.0% 
8.00 Outside 5km 1.008 1.018 95.1% 
OveraD 1.005 1.015 95.1% 

The confidence Interval for the median Is constructad without any distribution assumptions. The adual coverage level may be 
greater than the spedfted level. Other confidence Intervals are conslrucled by assuming a Nonnal distribution for the ratios. 

a. MODEL= 25UR010 Gray & Bruca Counties - Urban 
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MODEL = 26RR010 Chatham-Kent • Rural/Wallaceburg 

Case Processing Summa,y8 

Count 
• km 83 

2.00 1kmto2km 300 
5.00 2km to 5km 838 
8.00 OUtsfde 5km 863 

OVerall 1882 
Excluded o 
Total 1882 

Percent 
4.4% 

15.9% 
44.4% 
35.2% 

100.0% 

a. MODEL= 26RR010 Chatham-Kent• Rural/Wallaceburg 

Ratio Statistics for cva2012 / tas_arntll 

95% Confidence Interval for 
Mean 

GrouD Mean Lower Bound UnnarBound Median 
1.00 Within 1km 1.085 1.048 1.122 1.055 
2.00 11cm to 2km 1.027 1.007 1.047 1.008 
6.00 21cm to 5km 1.009 .998 1.020 .993 
8.00 Outside 5km 1.012 1.001 1.022 1.008 
OveraD 1.018 1.009 1.G23 1.002 

The confidence Interval for the median Is constructed without any distribution assumptions. The aclual coverage level may be 
greater than the spedfled level. Other confidence Intervals are c:onstructad by 888Umlng a Nonna! distribution for the ratios. 

Ratio Statistics for cva2012 / tu_arntll 

95% Confidence Interval for Median 
Actual 

.00 1 1.038 1.087 95.2% 
2.00 11cm to 2km .983 1.027 95.7% 
5.00 2km to 5km .982 1.000 95.1% 
8.00 Outside 5km .997 1.017 95.7% 
Overall .997 1.009 95.5% 

The confidence Interval for the median Is constnJCted without any dlstrfbutfon assumptions. The actual coverage level may be 
greater than the spec:ffled level. Other confidence Intervals are constructed by assuming a Normal dlstrfbutlan for the ratios. 

a. MODEL = 28RR010 Chatham-Kent- Rural/Wallaceburg 

MODEL= 26RR030 Lambton County· RuralJWF 
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Case Processing Summary8 

Count Percent 
BufferDlst_min 1.00 Wl1hln 1km 1 .0% 

2.00 1km to 2km 23 1.1% 
5.00 2km to 5km 76 3.7% 
6.00 Outside 5km 1942 95.1% 

Overall 2042 100.0% 
Excluded 0 
Total 2042 
a. MODEL= 26RR030 Lambton County- Rural/WF 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 

Group Mean Lower Bound UDDBr Bound Medlan 
1.00 Within 1km .862 . . .882 
2.00 1 km to 2km .993 .957 1.030 .993 
5.00 2km to 5km .952 .921 .983 .963 
6.00 Outside 5km .986 .981 .991 .980 
overall .965 .980 .990 .980 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonna! distribution for the ratios. 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for Median 
Actual-

Group Lower Bound UDDerBound Coverage 
1.00 Within 1 km . . 
2.00 1km to 2km .943 1.030 96.5% 
5.00 2km to 5km .931 .989 97.1% 
6.00 Outside 5km .972 .988 95.2% 
Overall .972 .965 95.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonnal distribution for the ratios. 

a. MODEL= 26RR030 Lambton County- RurallWF 

MODEL= 27RR120 Essex County 

Case Processing Summary8 

Count Percent 
Bum:Al,IIIO._rrun 1.00 within 1km 112 3.3% 

2.00 1km to 2km 272 8.1% 
5.00 2km to 5km 788 22.9% 
6.00 Outside 5km 2198 65.6% 

Overall 3350 100.0% 
Excluded 0 
Total 3350 
a. MODEL = 27RR120 Essex County 
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Ratio Statistics for cva2012 / tas_arm;II 

95% Confidence Interval for 
Mean 

Grouo Mean Lower Bound UaMI' Bound Median 
1.00 Within 1km 1.024 .997 1.052 1.005 
2.00 1km to 2km .993 .978 1.008 .984 
5.00 2km to 5km 1.003 .994 1.012 1.001 
6.00 Outside 5km .990 .986 .995 .987 
Overall .995 .991 .998 .991 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal dlsb'lbutlon for the ratios. 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for Median 
Actual 

Groui:, LowerBound UcoerBound Coveraae 
1.00 Within 1km .981 1.051 95.3% 
2.00 1km to 2km .969 1.000 95.5% 
5.00 2km to 5km .991 1.010 95.3% 
6.00 Outside 5km .983 .992 95.3% 
OveraD .986 .995 95.3% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL= 27RR120 Essex County 

MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

Case Processing Summary8 

Count Percent 
Buffer0ist_min 1.00 Within 1km 1 .0% 

2.00 1km to 2km 154 5.1% 
5.00 2km to 5km 179 6.0% 
6.00 Outside 5km 2660 88.8% 

Overall 2994 100.0% 
Exduded 0 
Total 2994 
a. MODEL= 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 

Grouo Mean Lower Bound Unn&rBound Median 
1.00 VYIU'Ufl 1 km 1.138 . . 1.138 
2.00 1km to 2km 1.012 .992 1.033 .992 
5.00 2km to 5km .988 .971 1.005 .972 
8.00 Outside 5km .979 .976 .983 .977 
Overall .982 .978 .985 .977 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 
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Ratio Statistics for cva2012 / tas_amt" 

95% Confidence Interval for Median 
Actual 

Group Lower Bound UooerBound Coveraae 
1.00 Within 1km . . . 
2.00 1 km to 2km .971 1.020 95.6% 
5.00 2km to 5km .957 .997 96.4% 
6.00 Outside 5km .972 .980 95.4% 
Overall .973 .981 95.4% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonnal distribution for the ratios. 

a. MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

MODEL = 31RR010 District of Algoma 

Case Processing Summary'I 

Count Percent 
Buffer0ist_mln 2.00 1km to 2km 5 .3% 

5.00 2km to 5km 7 .5% 
6.00 Outside 5km 1483 99.2% 

Overall 1495 100.0% 
Excluded 0 
Total 1495 
a. MODEL= 31RR010 Distrid of Algoma 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 

GrouD Mean Lower Bound UooerBound Median 
2.00 1 km to 2km 1.036 .763 1.310 1.058 
5.00 2km to 5km .882 .686 1.037 .888 
6.00 Outside 5km .932 .921 .943 .909 
Overall .932 .921 .943 .908 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonnal disbibutlon for the ratios. 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for Median 
Actual 

Grouo Lower Bound UnmtrBound . 
2.0U 1km to 2km .800 1.351 100.0% 
5.00 2km to 5km .684 1.189 98A% 
6.00 Oulslde 5km .897 .926 95.2% 
OveraD .897 .925 95.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The adual coverage level may be 
greater than the speclfled level. Other confidence Intervals are constructed by assuming a Nonnal dlstrlbutfon for the ratios. 

a. MODEL= 31RR010 Dlstrld of Algoma 
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MODEL = 31 UR010 Sault Ste. Marie/Prince Twp 

case Processing Summaryll 

Count Percent 
B• min - 2.uu 1kmto2km 12 .4% 

5.00 2km to 5km 3 .1% 
8.00 Outside 5km 2801 99.5% 

Overall 2818 100.0% 
Excluded 0 
Total 2818 
a. MOOa = 31UR010 Sault Ste. Marie/Prince Twp 

Ratio Statistics for cva2012 / tas_lllTIP 

95% Confidence Interval for 
Mean 

Gmun Mean Lower Bound UimerBound Median 
2.00 1km to mn .960 .818 1.102 .948 
5.00 2km to 5km 1.228 .830 1.823 1.217 
6.00 Outside 51cm .972 .988 .977 .983 
Overall .972 .988 .977 .983 

The c:anftclence Interval for the median Is constructed without any dlslrlbutlon assumptions. The actual coverage level may be 
greater than the spec:Hled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

Ratio Statistics for cva2012 / tas_lllTIP 

95% Confidence Interval for Median 
Aclual 

LowerBound 
to ~ ~% 

5.00 2km to 51cm .991 100.0% 
8.00 Oulslde 5km .957 95.1% 
Overall .957 .988 95.2% 

The conftdence Interval for the median Is consbuc:ted without any dlslrtbutlan assumptions. The actual coverage level may be 
greater than the spedfted level. Other c:anftdence Intervals are constructed by assuming a Nonnal distribution for the ratios. 

a. MOOa = 31UR010 Sault Ste. Marte/Prince Twp 

Ratio Statistics by Distance by Market Type 

Rural Market Areas 
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case Processing Summary8 

Count Percent 
BufferOlst_mln 1.00 Wrthin 1km 278 1.1% 

2.00 1km to 2km 715 2.7% 
5.00 2km to 5km 2284 8.6% 
6.00 Outside 5km 23135 87.6% 

Overall 26412 100.0% 
Excluded 0 
Total 26412 
a. MRKTTYPE = RR 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 

Group Mean Lower Bound UccerBound Median 
1.00 Within 1km 1.051 1.031 1.071 1.034 
2.00 1kmto2km 1.011 .999 1.023 .996 
5.00 2km to 5km 1.008 1.002 1.014 .999 
6.00 Outside 5km 1.002 1.001 1.004 .995 
Overall 1.004 1.002 1.005 .996 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specifted level. Other confidence Intervals are constructed by assuming a Nonna! distribution for the ratios. 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for Median 
Actual 

Group Lower Bound UooerBound t"'.1'1\--e 
1.00 Wm1ln 1km 1.011 1.055 95.2% 
2.00 1km to 2km .982 1.008 95.7% 
5.00 2km to 5km .993 1.005 95.3% 
6.00 Outside 5km .993 .997 95.1% 
Overall .994 .997 95.0% 

The confidence Interval for the medJan Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specffled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MRKTTYPE = RR 

Urban Market Areas 

Case Processing Summary8 

Count Percent 
Buffer0lst_mln 1.00 Within 1 km 1 .0% 

2.00 1km to 2km 274 1.8% 
5.00 2km to 5km 779 5.2% 
6.00 Outside 5km 13958 93.0% 

Overall 15012 100.0% 
Excluded 0 
Total 15012 
a. MRKTTYPE a UR 
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Ratio Statistics for cva2012 I tas_arnt8 

95% Confidence Interval for 
Mean 

GrouD Mean Lower Bound UonerBound Median 
1.00 WIU1ln 1km 1.138 . 1.138 
2.00 1km to 2km .990 .973 1.007 .975 
5.00 2km to 5km .989 .981 .997 .976 
8.00 Outside 5km .993 .991 .995 .988 
Overall .993 .991 .995 .987 

The confidence lnt8Md for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specffled level. Other confidence lntelvals are constructed by assuming a Normal disbibutlon for the ra11os. 

Ratio Statistics for cva2012 I tas_amt8 

95% Confidence Interval for Median 
Actual 

GrouD Lower Bound UDDerBound I ·-· e 
1.0U Wlthfn 1 km . . . 
2.00 1km to 2km .955 .992 95.4% 
5.00 2km to 5km .989 .984 95.5% 
8.00 Outside 5km .986 .990 95.1% 
Overall .985 .989 95.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal dlstlfbutlon for the ratios. 

a. MRKTTYPE = UR 
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Appendix04 
Appendix D4 • View All Sales and by Market Area 

Ratio Statistics All Sales Less than 1 km to an IWT by View 

Case Processing Summary 

Count Percent 
view full 190 68.1% 

none 58 20.1% 
partial 33 11.8% 

Overall 279 100.0% 
Excluded 0 
Total 279 

Ratio Statistics for cva2012 / tas_amt 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lower Bound UooerBound Median Lower Bound UooerBound Coveraae 
fuU 1.054 1.029 1.078 1.032 1.001 1.060 95.0% 
none 1.070 1.031 1.110 1.064 .998 1.092 95.8% 
partial 1.007 .953 1.060 1.00S .952 1.057 98.5% 
Overall 1.051 1.032 1.071 1.034 1.011 1.057 95.8% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the spec:ffled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

Ratio Statistics All Sales 1 km to 2km to an IWT by View 

Case Processing Summary 

Count Percent 
view fuU 239 24.2% 

none 647 65.4% 
partial 103 10.4% 

Overall 989 100.0% 
Excluded 0 
Total 989 

Ratio Statistics for cva2012 / tas_amt 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Gl'DUD Mean LowerBound Unnar Bound Median Lower Bound UnMrBound eov-
tull 1.021 1.000 1.042 1.001 .981 1.026 98.2% 
none 1.000 .988 1.012 .984 .972 .997 95.1% 
pa,tlal .999 .988 1.029 .980 .939 1.018 95.2% 
Overall 1.005 .995 1.015 .989 .979 1.000 95.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence lnterwls era c:onstruc:ted by assuming a Normal dlstrlbutfon for the ratios. 

Ratio Statistics Sales less than 1 km to an IWT by View by Market Area 
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MODEL = 05RR030 Napanee,Loyalist Twp, Frontenac/Lennox & Addington 
Counties South Rural/WF 

Case Processing Summary' 

Count Percent 
VleW rull 8 61.5% 

none 2 15.4% 
partial 3 23.1% 

Overall 13 100.0% 
Excluded 0 
Total 13 
a. MODEL = OSRR030 Napanee,Loyallst Twp, Frontenac/Lennox & Addington Counties South Rural/WF 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Group Mean Lower Bound UooerBound Median lower Bound UooerBound Coveraoe 
full 1.066 .900 1.232 1.083 .804 1.295 99.2% 
none 1.068 -1.220 3.355 1.068 .888 1.248 100.0% 
partial .842 .538 1.146 .823 .731 .973 100.0% 
Overall 1.015 .893 1.136 .981 .813 1.248 97.8% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL = 05RR030 Napanee,Loyallst Twp, Frontenac/Lennox & Addington Counties South Rural/WF 

MODEL = 20RR010 Brant, Halidmand, Norfolk Counties • Rural/WF 

Case Processing Summary" 

Count Percent 
view ruu 12 48.0% 

none 12 48.0% 
partial 1 4.0% 

Overall 25 100.0% 
Excluded 0 
Total 25 
a. MODEL = 20RR010 Brant, Halldmand, Norfolk Counties - Rural/WF 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence lnteM1I for 
Mean 95% Confidence lnteNal for Median 

Actual 
Grouo Mean Lower Bound Uooer Bound Median lower Bound Uooer Bound Coveraae 
1UU 1.059 .951 1.188 1.025 .920 1.172 96.1% 
none 1.004 .928 1.082 .998 .875 1.118 98.1% 
partlal 1.212 . . 1.212 . . . 
OveraU 1.038 .977 1.100 1.020 .941 1.118 95.7% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonnal distribution for the ratios. 

a. MODEL = 20RR010 Brant. Halfdmand, Norfolk Counties - RuralJWF 
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MODEL= 22RR010 Dufferin & Wellington Counties -Rural 

case Processing Summary' 

Count Percent 
view full 20 76.9% 

none 3 11.5% 
partial 3 11.5% 

Overall 26 100.0% 
Excluded 0 
Total 26 

a. MODEL= 22RR010 Duffertn & Wellington Counties - Rural 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
GrouD Mean Lower Bound UooerBound Median Lower Bound UooerBound Coveraae 
full 1.051 .965 1.136 1.038 .927 1.121 95.9% 
none 1.030 .624 1.436 .943 .929 1.219 100.0% 
partial .998 .979 1.017 1.000 .990 1.005 100.0% 
Overall 1.042 .975 1.110 1.010 .943 1.090 97.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the speclfted level. Other confidence Intervals are constructed by assuming a Nonnal distribution for the ratios. 

a. MODEL= 22RR010 Duffer1n & Wellington Counties - Rural 

MODEL = 23RR010 Elgln, Middlesex & Oxford Counties - Rural 

Case Processing Summary' 

Count Percent 
view fUU 2 50.0% 

partial 2 50.0% 
Overall 4 100.0% 
Exduded 0 
Total 4 
a. MODEL= 23RR010 Elgin, Middlesex & Oxford Counties - Rural 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lawer Bound UooerBound Median Lower Bound UMAI' Bound ~ 

fUU 1.059 .835 1.482 1.059 1.025 1.092 100.0% 
partial 1.088 .406 1.770 1.088 1.034 1.142 100.0% 
OveraD 1.073 .987 1.160 1.063 1.025 1.142 100.0% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specifled level. Other confidence Intervals are constructed by assuming a Nonna! distribution for the ratios. 

a. MODEL= 23RR010 Elgin, Mlddlesex & Oxford Counties· Rural 

MODEL = 24RR010 Huron & Perth Counties • Rural/Waterfront 

Page3 

Exhibit A15-2

 
015433



Case Processing Summary' 

Count Percent 
view full 2 100.0% 
Overall 2 100.0% 
Excluded 0 
Total 2 

a. MODEL= 24RR010 Huron & Perth Counties - Rural/Waterfront 

Ratio Statistics for cva2012 / tas_arnt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
GrouD Mean Lower Bound UnoerBound Median Lower Bound UcoerBound Coverace 
full 1.219 .478 1.960 1.219 1.161 1.277 100.0% 
Overall 1.219 .478 1.960 1.219 1.161 1.277 100.0% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL= 24RR010 Huron & Perth Counties - Rural/Waterfront 

MODEL = 25RR010 Grey & Bruce Counties - Rural/Waterfront 

case Processing Summary' 

Count Percent 
view fUII 10 83.3% 

none 1 8.3% 
partial 1 8.3% 

Overall 12 100.0% 
Excluded 0 
Total 12 
a. MODEL= 25RR010 Grey & Bruce Counties - RuralJWaterfront 

Ratio Statistics for cva2012 / tas_amt' 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
GrouD Mean Lower Bound UooerBound Median Lower Bound UcoerBound CoVen108 
fuU 1.126 .914 1.338 1.045 .917 1.271 97.9% 
none 1.444 1.444 . . 
partial .875 .875 . 
OveraD 1.131 .944 1.318 1.045 .917 1.271 96.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonnal distribution for the ratios. 

a. MODEL= 25RR010 Grey & Bruce Counties - RuralJWaterfront 

MODEL = 26RR010 Chatham-Kent • RuralJWallaceburg 
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Case Processing Sununarya 

Count Percent 
Vl8W fUO 81 73.5% 

none 18 19.3% 
partial 8 7.2% 

Overall 83 100.0% 
Excluded 0 
Total 83 
a. Mooa = 26RR010 Chatham-Kent- RuraJJWallaceburg 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 95% Confidence Interval far Median 

Actual 
Gl'OUD Mean LawerBound UnnarBaund Median Lower Bound UnnarBound 
1UU 1.oaa 1.043 1.133 1.048 1.024 1.097 98.0% 
none 1.o94 1.008 1.180 1.075 .998 1.280 97.9% 
partial 1.032 .948 1.115 1.049 .928 1.129 98.9% 
Overall 1.085 1.048 1.122 1.055 1.038 1.087 95.2% 

The confidence lnt8Md for lhe median Is construdecl without any distribution assumptions. The actual coverage level may be 
gr881ar than the apeclflecl level. Other c:anfldence Intervals 819 consbucted by asaumlng a Nonnal dlatrlbutlon for the ratios. 

a. MODa = 26RR010 Chatham-Kent- RurallWallacaburg 

MODEL= 26RR030 Lambton County· Rural/WF 

Case Processing summar,a 

Count 
1 

Overall 1 
Exdudecl 0 
Total 1 

Percent 
100.0% 
100.0% 

a. MODa = 28RR030 Lambton County- Rural/WF 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 95% Confidence Interval far Median 

Actual 
GrouD Mean LowerBound UnnarBound Median lower Bound UDD81' Bound ~ 

pamu .882 . . .862 . . 
Overall .882 . . .862 . . . . 

The conftdenca Interval for lhe median Is constructed without any dlslrfbutlon 8S8Umptlona. The actual coverage level may be 
greater than the speclffad level. Other conftdence lntarvals 819 constructed by asaumlng a Normal dlatrfbutlan for the ratios. 

a. MODa = 28RR030 Lambton County- RurallWF 

MODEL = 27RR120 Essex County 
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Case Processing Summary9 

Count Percent 
view fuO 74 68.1% 

none 22 19.6% 
partial 16 14.3% 

overall 112 100.0o/o 
Excluded 0 
Total 112 
a. MODEL= 27RR120 Essex County 

Ratio Statistics for cva2012 / tas_amti 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lower Bound UnnerBound Median Lower Bound UocerBound Coveraoe 
fuU 1.009 .976 1.041 .993 .964 1.048 95.3% 
none 1.078 1.024 1.132 1.058 .985 1.162 98.3% 
partial 1.024 .928 1.120 1.035 .885 1.214 97.9% 
Overall 1.024 .997 1.052 1.005 .981 1.051 95.3% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal dlsbibutlon for the ratios. 

a. MODa = 27RR120 Essex County 

MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

Case Processing Summary' 

Count Percent 
view full 1 100.0% 
OVerall 1 100.0% 
Excluded 0 
Total 1 
a. MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

Ratio Statistics for cva2012 / tas_amti 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Adual 
Grouo Mean Lower Bound UooerBound Median Lower Bound UooerBound Covemae 
full 1.138 . . 1.138 . 
OVerall 1.138 . 1.138 . . . 

The ccnfldence Interval for the median Is constructed without any disbibutlon assumptions. The actual coverage level may be 
greater than the speclfted level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

Ratio Statistics Sales 1 km to 2km to an IWT by View by Market Area 

MODEL = 05RR030 Napanee,Loyalist Twp, Frontenac/Lennox & Addington 
Counties South Rural/WF 
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case Procaaalng Summary8 

Count Percent 
WWI none 5 71.4% 

partial 2 28.6% 
Overall 7 100.0% 
Exduded 0 
Total 7 
a. MODEL= 05RR030 Napanee,Loyallst Twp, Frontenacll.ennox & Addington Counties South Rural/WF 

Ratio Statistics for cva2012 / tas_arnt8 

95% Conftdence Interval for 
Mean 95% Conftdenc:e Interval for Median 

Aclual 
GrouD Mean LowerBound UnnerBound Median Lower Bound UnnerBound 
none .944 .818 1.272 1.103 .855 1.197 100.0% 
partial 1.354 -1.482 4.191 1.354 1.131 1.578 100.0% 
OvaraD 1.oe1 .784 1.358 1.105 .855 1.578 98A% 

The conffdance Interval for the median Is constructad without any distribution assumptions. The acluaJ coverage level may be 
greater than the specified level. OU,ar confidence Intervals 818 c:onstructed by assuming a Normal distribution for the ratfos. 

a. MODEL = 05RR030 Napanee,Loyallst Twp, FrontenaclLannox & Addington Counties South Rural/WF 

MODEL = 20RR010 Brant, Halidmand, Norfolk Counties - Rural/WF 

Cua Pracesslng summarya 

Count Percent 
WWI NU 2 22.2% 

none 7 77.8% 
OvaraD 9 100.0% 
Excluded 0 
Total 9 
a. MODEL = 20RR010 Brant. Halldmand, Norfolk Counties • RurallWF 

Ratio Statistics for cva2012 / tas_arnt8 

95% Conftdance Interval for 
Mean 95% Confidence Interval for Median 

Aclual 
GrouD Mean Lower Bound UimarBound Median Lower Bound UmarBound . 
NII 1.109 -2.798 5.018 1.109 .801 1.417 100,0% 
none .919 .819 1.018 .933 .783 1.112 98.4% 
OveraD .981 .808 1.113 .933 .801 1.112 96.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The &dual coverage level may be 
greater than the speclfted level. OU,ar conffdence Intervals 818 constructed by assuming a NonnaJ dlatrtbutlon for the ratios. 

a. MODEL= 20RR010 Brant, Halldrnand, Norfolk Counties· RuralJWF 

MODEL = 22RR01 O Dufferln & Wellington Counties - Rural 
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Case Processing Summary8 

Count Percent 
view full 10 40.0% 

none 7 28.0% 
partial 8 32.0% 

overall 25 100.0% 
Excluded 0 
Total 25 
a. MODEL= 22RR010 Oufferln & Wellington Counties· Rural 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lower Bound UcoerBound Median LowerBound UooerBound Co.---:: 
full 1.016 .900 1.132 1.032 .852 1.158 97.9% 
none 1.074 .924 1.225 1.086 .853 1.341 98.4% 
partial .990 .799 1.182 1.120 .623 1.189 99.2% 
OVerall 1.024 .949 1.099 1.071 .921 1.137 95.7% 

The confidence interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specffled level. Other confidence Intervals are consbucted by assuming a Normal distribution for the ratios. 

a. MODEL= 22RR010 Dufferln & Wellington Counties - Rural 

MODEL = 22UR030 Wellington County Villages 

Case Processing Summary8 

Count Percent 
view full 6 6.5% 

none 81 88.0% 
partial 5 5.4% 

OVerall 92 100.0% 
Excluded 0 
Total 92 
a. MODEL = 22UR030 Wellington County Villages 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lower Bound UocerBound Median Lower Bound UccerBound - --• 
full .879 .837 .922 .887 .831 .929 98.9% 
none .958 .923 .993 .954 .911 .972 95.5% 
partial .950 ..864 1.038 .980 .864 1.015 100.0% 
Overall .952 .922 .983 .948 .905 ., 95.3% 

The confidence Interval for the median is c:onatructsd without any distribution assumptions. The actual coverage level may be 
graater than the specified level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL = 22UR030 Wellington County VIiiages 

MODEL = 23RR010 Elgin, Middlesex & Oxford Counties - Rural 
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Case Processing Summary8 

Count Percent 
Vl8W NU 2 3.8% 

none 48 92.3% 
partial 2 3.8% 

Overall 52 100.0% 
Excluded 0 
Total 52 
a. MOOa = 23RR010 Elgln, Middlesex & Oxford Counties· Rural 

Ratio Statistics for cva2012 / tas_8fflt& 

95% Confidence Interval for 
Mean 95% Conftdenc:e Interval for Median 

Actual 
GrouD Mean LowerBound UnaarBound Median LowerBound UmarBound 
fUII .954 -.151 2.058 .954 .887 1.041 100.0% 
none .987 .929 1.048 .935 .899 1.023 97.1% 
partial 1.190 -2.958 5.337 1.190 .884 1.517 100.0% 
Overall .994 .938 1.052 .935 .899 1.023 98.4% 

The canftdenca Interval for the median Is constructed without any dlatrlbutlon aaaump11ons. The &dual coverage level may be 
greater than the speclftec:l leval. Other confidence lntarvala ara constructed by assuming a Normal dlalrlbutlon for the ratios. 

a. MODB. = 23RR010 Elgin, Middlesex & Oxford Counties· Rural 

MODEL = 24RR01 O Huron & Perth Counties • Rural/Waterfront 

Case Processing Summary'I 

Count Pen:ant 
YNM NII 2 88.7% 

partial 1 33.3% 
Overall 3 100.0% 
Excluded 0 
Total 3 
a. Mooa = 24RR010 Huron & Perth Counties - Rural/Waterfront 

Ratio Statistics for cva2012 I tas_amt' 

95% Confldance Interval for 
Mean 95¥. Confidence Interval for Median 

Actual 
Qmun Mean LowerBound UonerBound Median LowerBound UmarBound :"" 

fUII 1.212 .875 1.749 1.212 1.170 1.254 100.0% 
partial 1.038 . . 1.038 . . . 
Overall 1.153 .879 1.4'1:T 1.170 1.038 1.254 100.0% 

The confldence lntaMd for the median Is constructed without any dlstrfbution assumptlana. The actual coverage level may be 
greater than the speclftec:l leval. Other confidence Intervals ara c:onstructad by assuming a Normal dlstrlbullon for the ratios. 

a. MODEL = 24RR010 Huron & Perth Counties· Rural/Waterfront 

MODEL= 25RR01 O Grey & Bruce Counties • Rural/Waterfront 

Page9 

Exhibit A15-2

 
015439



Casa Processing Summary' 

Count Percent 
view fuU 13 68.4% 

none 4 21.1% 
partial 2 10.5% 

Overall 19 100.0% 
Excluded 0 
Total 19 
a. MODEL= 25RR010 Grey & Bruce Counties - Rural/Waterfront 

Ratio Statistics for cva2012 / tas_an,ta 

95% Confidence Interval for 
Mean 95% Confidence Interval for Medlan 

Actual 
Group Mean Lower Bound UooerBound Median LowerBound Uooer Bound Covemae 
fuU 1.073 .979 1.167 1.048 .977 1.188 97.8% 
none .966 .824 1.107 .981 .852 1.049 100.0% 
partial .956 .374 1.538 .956 .910 1.002 100.0% 
OveraU 1.038 .969 1.107 1.029 .941 1.092 98.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonna! dlsbibutlon for the ratios. 

a. MODEL = 25RR010 Grey & Bruce Counties - Rural/Waterfront 

MODEL = 25UR010 Grey & Bruce Counties • Urban 

Case Processing Summary' 

Count Percent 
Vl8W none 15 93.8% 

partial 1 6.3% 
Overall 16 100.0% 
Excluded 0 
Total 16 
a. MODEL= 25UR010 Grey & Bruce Counties - Urban 

Ratio Statistics for cva2012 / tas_an,ta 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Group Mean Lower Bound UooerBound Median LowerBound UooerBound - e 
none 1.025 .965 1.085 1.026 .928 1.134 96.5% 
par1laJ .748 . . .748 . . . 
OveraH 1.oo7 .940 1.075 1.026 .899 1.134 97.9% 

The conftdenc::e Interval for the median Is constructed without any distribution assumptions. The aclual coverage level may be 
greater than the apecffled level. Other confidence Intervals are constructed by assuming a Nonna! distribution for the ratios. 

a. MODEL= 25UR010 Gray & Bruce Counties • Urban 

MODEL = 26RR010 Chatham-Kent • Rural/Wallaceburg 
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Casa Processing Summary' 

Count Percent 
view full 78 28.0% 

none 198 65.3% 
partial 26 8.7% 

Overall 300 100.0% 
Excluded 0 
To1al 300 
a. MOoa ;;i 26RR010 Chatham-Kent. RurallWallaceburg 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
GrouD Mean Lower Bound Uoner Bound Median LowerBound UrmArBound I e 
fUU 1.027 .981 1.073 .999 .958 1.030 96.9% 
none 1.031 1.007 1.055 1.012 .991 1.040 98.2% 
partial .989 .938 1.041 .972 .924 1.056 97.1% 
Overall 1.027 1.007 1.047 1.006 .983 1.027 95.7% 

The confidence Interval for the median Is constructed without any distribution assumpttons. The actual coverage level may be 
greater than the spedfled level. Other confidence Intervals 81'8 constructed by assuming a Nonnal distribution for the ratios. 

a. MOOa = 26RR010 Chatham-Kent· Rural/Wallaceburg 

MODEL = 26RR030 Lambton County• Rural/WF 

Case ProC888lng Summary' 

Count Percent 
View fUU 1 4.3% 

none 20 87.0% 
partial 2 8.7% 

Overall 23 100.0% 
Excluded 0 
Total 23 
a. MOOa ;;i 26RR030 Lambton County- Rural/WF 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lower Bound UDr>er Bound Median Lower Bound UnoerBound Coveraae 
TUii .841 . . .841 . . . 
none 1.004 .965 1.042 1.002 .945 1.049 95.9% 
partial .968 .647 1.289 .968 .943 .993 100.0% 
Overall .993 .957 1.030 .993 .943 1.030 96.5% 

The confidence Interval for the median Is constructed without any dls1ribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals 818 constructed by assuming a Normal distribution for the ratios. 

a. MODEL = 26RR030 Lambton County- Rura!IWF 

MODEL = 27RR120 Essex County 
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case ProC88Slng Summary" 

Count Percent 
view full 99 36.4% 

none 132 48.5% 
partial 41 15.1% 

Overall 272 100.0% 
Excluded 0 
Total 272 
a MODEL= 27RR120 Essex County 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lower Bound UnnerBound Median Lower Bound UooarBound Coveraae 
full 1.011 .983 1.039 .999 .977 1.024 95.6% 
none .981 .961 1.001 .983 .961 .997 95.5% 
partial .989 .945 1.033 .948 .920 1.029 97.2% 
Overall .993 .978 1.006 .984 .969 1.000 95.5% 

The confidence Interval for the median Is constructed without any dlstrfbuUon assumptions. The actual coverage level may be 
greater than the specffled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL= 27RR120 Essex County 

MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

Case Processing Summaryll 

Count Percent 
view full 25 16.2% 

none 116 75.3% 
partial 13 8.4% 

Overall 154 100.0% 
Excluded 0 
Total 154 
a. MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

Ratio Statistics for cva2012 / tas_aml"I 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
GrouD Mean Lower Bound UnoarBound Median Lower Bound UoDerBound Coveraae 
full 1.052 .997 1.107 1.036 .983 1.125 95.7% 
none 1.003 .980 1.027 .980 .948 1.009 96.8% 
partial 1.016 .945 1.087 1.014 .934 1.121 97.8% 
Overall 1.012 .992 1.033 .992 .971 1.020 95.6% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal dlstrlbutlan for the ra11os. 

a. MODEL= 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

MODEL = 31RR010 District of Algoma 
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case Processing Summary8 

Count Percent 
view none 5 100.0% 
Overall 5 100.0% 
Exduded 0 
Total 5 
a. MODEL= 31RR010 District of Algoma 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Group Mean Lower Bound UcnerBound Median Lower Bound UccerBound Coveraae 
none 1.036 .763 1.310 1.058 .800 1.351 100.0% 
Overall 1.036 .763 1.310 1.058 .800 1.351 100.0% 

The confidence Interval for ttle median Is constructed without any distribution assumptions. The actual coverage level may be 
greater U,an ttle specified level. Ottler confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL= 31RR010 District of Algoma 

MODEL = 31UR010 Sault Ste. Marie/Prince Twp 

Case Processing Summary8 

Count Percent 
View full 1 8.3% 

none 11 91.7% 
Overall 12 100.0% 
Exduded 0 
Total 12 
a. MODEL= 31UR010 Sault Ste. Marie/Prince Twp 

Ratio Statistics for cva2012 / tas_amtll 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Group Mean Lower Bound UcoerBound Median Lower Bound UccerBound CoveraM 
lUU .739 . .739 . . . 
none .980 .830 1.130 .963 .714 1.267 98.8% 
Overall .960 .818 1.102 .948 .739 1.062 96.1% 

The confidence Interval for ttle median Is constructed without any distribution assumptions. The actual coverage level may be 
greater U,an the specified level. Ottler confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL= 31UR010 Sault Ste. Marte/Prince Twp 
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Appendix OS 

Appendix D5 - Distance Boxplots 

Boxplot ASR by Distance All Sales 

BufferDist_min 

Case Processing Summary 

Cases 
Valid Missina 

BufferDlst min N Percent N Percent 
ASRX 1.00 Within 1 km 279 100.0% 0 .0% 

2.00 1 km to 2km 989 100.0% 0 .0% 
5.00 2km to 5km 3063 100.0% 0 .0% 
6.00 Outside 5km 37093 100.0% 0 .0% 

ASRX 

Total 
N Percent 
279 100.0% 
989 100.0% 

3063 100.0% 
37093 100.0% 
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Boxplots ASR by Distance_ by Market Area 

MODEL = 05RR030 Napanee,Loyalist Twp, Frontenac/Lennox & Addington 
Counties South Rural/WF 
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BufferDist_min 

Case Processing Summary' 

Cases 
Valid Mlsslna Total 

BufferOlst min N Percent N Percent N Percent 
ASRX 1.00 Within 1 km 13 100.0% 0 .0% 13 100.0% 

2.00 1 km to 2km 7 100.0% 0 .0% 7 100.0% 
5.00 2km to 5km 8 100.0% 0 .0% 8 100.0% 
6.00 Outside 5km 2606 100.0% 0 .0% 2606 100.0% 

a. MODEL = 05RR030 Napanee,Loyallst Twp, Frontenac/Lennox & Addington Counties South Rural/WF 

ASRX 

Market Area: Napanee,Loyallst Twp, Frontenac/Lennox & Addington Counties South Rural/WF 
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MODEL = 20RR010 Brant, Halidmand, Norfolk Counties - Rural/WF 

BufferDist_min 
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Case Processing Summary8 

cases 
VaHd Mlssfna Total 

BufferOlst min N Percent N Percent N Percent 
ASRX 1.00 Within 1 km 25 100.0% 0 .0% 25 100.0% 

2.00 1 km to 2km 9 100.0% 0 .0% 9 100.0% 
5.00 2km to 5km 71 100.0% 0 .0% 71 100.0% 
6.00 Outside 5km 4868 100.0% 0 .0% 4868 100.0% 

a. MODEL = 20RR010 Brant, Halidmand, Norfolk Counties - Rural/WF 

ASRX 

Market Area: Brant. Halldmand, Norfolk Counties • Rural/WF 

1.80 

1.50 

1.40 
0 = /1. 1.30 
G) 

~ 1.20 
0 -!1.10----

~ ,,1.00----
~ 
:S 0.90-------11-------
f 
a. 

O.BO 
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BufferDlst_mln 
Outside 5km 

MODEL = 22RR010 Dufferin & Wellington Counties • Rural 

BufferDist_min 
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Case Processing Summaryl' 

cases 
VaRd Mlsslna Total 

BufferOist min N Percent N Percent N Percent 
ASRX 1.00 Within 1 km 26 100.0% o .0% 26 100.0% 

2.00 1 km to 2km 25 100.0% 0 .0% 25 100.0% 
5.00 2km to 5km 83 100.0% 0 .Oo/o 83 100.0% 
6.00 Outside 5km 1597 100.0o/o 0 .Oo/o 1597 100.0% 

a. MODEL= 22RR010 Dufferfn & Wellington Counties - Rural 

ASRX 

Market Area: Dufferln & Wellln on Counties • Rural 

1.60 

1.50 

1.40 
0 = 
~ 1.30 
Q) 

~ 1.20 
0 -~ 1.10-+----

~ 
,:, 1.00-1--=.;;;..;;;.-

~ 
i0.90 

a.. 
0.80 

0.70 

0.60 

Within 1km 1km to 2km 2km to 5km 

BufferDlst_mln 

MODEL = 22UR020 Dufferin County Villages 

BufferDist_min 

Outside 5km 
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Case Processing Summary' 

Cases 
VaDd Missina 

BufferOist min N Percent N Percent 
ASRX 5.00 2km to 5km 404 100.0% 0 .0% 

6.00 Outside 5km 2017 100.0% 0 .0% 
a. MODEL = 22UR020 Dufferin County Villages 

ASRX 

1.60 

1.50 

1.40 

0 
;:l 

&! 1.30 
Cl) 

~ 1.20 
0 -

Market Area: Dufferln County Vllla es 

Total 
N Percent 
404 100.0% 

2017 100.0% 

~ 1.10-+--------+--------------+---------1 

~ 
"CJ 1.00 
Cl) 

,:; 
=c o.oo-+--------+--------------+---,------1 
e 
a. 

0.80 

0.70 

0.60 

2km to5km 

B ufferDlst_ml n 

MODEL= 22UR030 Wellington County Villages 

BufferDist_min 

Outside 5km 
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Case Processing Summary8 

Cases 
VaRd Misslno 

BufferOlst min N Percent N Percent N 
ASRX 2.00 1 km to 2km 92 100.0% 0 .0% 92 

5.00 2km to 5km 32 100.0% 0 .0% 32 
6.00 Outside 5km 2300 100.0% 0 .0% 2300 

a. MODEL = 22UR030 Wellington County Villages 

ASRX 

1.80 

1.70 

1.60 

.2 1.50 
li 
a:: 
a, 1.40 

iii 
Cl) 1.30 
.s 
! 1.20 
iii 

Market Area: Wellington County VIiiages 

Total 
Percent 
100.0% 
100.0% 
100.0% 

> 1.101-+------+----------le----------+-------, 
"O 
CD 
l! 1.001----
"0 

£ 0.901-----

0.80 

0.70 

0.60 

1kmto2km 2km to5km 

BufferDlst_mln 
Outside 5km 

MODEL = 23RR010 Elgin, Middlesex & Oxford Counties - Rural 

BufferDist_min 
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Case Processing Summary'I 

Cases 
Valid Missina Total 

BufferOist min N Percent N Percent N Percent 
ASRX 1.00 Within 1 km 4 100.0% 0 .0% 4 100.0% 

2.00 1 km to 2km 52 100.0% 0 .0% 52 100.0% 
5.00 2km to 5km 72 100.0% 0 .0% 72 100.0% 
6.00 Outside 5km 4300 100.0% 0 .0% 4300 100.0% 

a. MODEL= 23RR010 Elgin, Mlddlesex & Oxford Counties- Rural 

ASRX 

Market Area: Elgin, Middlesex & Oxford Counties • Rural 

1.80 

1.70 

1.60 

0 1.50 ;; 
ca 
0: 
G> 1.40 
'ii 
V, 1.30 
.s 
! 120 
'ii 
> 1.10-+---
"D 
. Cl) -£ 1.00-+-----------
"D 

£ 0.90-+------- ----

0.80 

0.70 

0.60 

Within 1km 1 km to 2km 2km to 5km 

BufferDlst_mln 

Outside 5km 

MODEL = 24RR010 Huron & Perth Counties - Rural/Waterfront 

BufferDist_min 
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Case Processing Summa,yl 

cases 
VaRd Mlsslna Total 

BufferOlst min N Percent N Percent N Percent 
ASRX 1.00 Within 1km 2 100.0% 0 .0% 2 100.0% 

2.00 1 km to 2km 3 100.0% 0 .0% 3 100.0% 
5.00 2km to 5km 98 100.0% 0 .0% 98 100.0% 
6.00 Outside 5km 786 100.0% 0 .0% 786 100.0% 

a. MODEL= 24RR010 Huron & Perth Counties- Rural/Waterfront 

ASRX 

Market Area: Huron & Perth CounUes • RuralJWaterfront 

1.60 

1.50 

1.40 

J:! 1.30 -~ 1.20 
G) 

ni 
u, 1.1 0-1-,;...._...:;;..:__;_.;;...._;:;...:;;..:;;..:;;..;;:.;;::;;.:...____;;, 

s 
!; 1.00-+-----------------
'ii 
> 0.90,+------------------t----"""";::"= '""""""'="" ,, 

CD 
,li 0.80 ,, 
£ 0.70 

0.60 

0.50 

0.40 

Within 1km 1 km to 2km 2km to 5km Outslde5km 

BufferDlst_mln 

MODEL = 25RR01 O Grey & Bruce Counties • Rural/Waterfront 

BufferDlst_min 
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Case Processing Summary" 

cases 
Vafid Missina Total 

BufferOist min N Percent N Percent N Percent 
ASRX 1.00 Within 1km 12 100.0% 0 .0% 12 100.0% 

2.00 1km to 2km 19 100.0% 0 .0% 19 100.0% 
5.00 2km to 5km 265 100.0% 0 .0% 265 100.0% 
6.00 Outside 5km 2692 100.0% 0 .0% 2692 100.0% 

a. MODEL= 25RR010 Grey & Bruce Counties - Rural/Waterfront 

ASRX 

0 

2.00 

1.90 

1.80 

1.70 

! 1.60 

CD 1.50 

'ii u, 1.40 

,S 1.30 
CD 

~ 1.20 

-c, 1.10,----
CD 
U 1.00,--- -
"0 

Market Area: Grey & Bruce Counties • Rural/Waterfront 

f 0.90,-+-----+--------+-------+------
£1. 

0.80 

0.70 

0.60 

0.50 

Within 1km 1 km to 2km 2km to 5km 

BufferDlst_mln 

MODEL = 25UR01 O Grey & Bruce Counties - Urban 

BufferDist_min 

OUtslde 5km 
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Case Processing Summary' 

Cases 
vand Missing 

BufferOist min N Percent N Percent N 
ASRX 2.00 1km to 2km 16 100.0% 0 .0% 16 

5.00 2km to 5km 161 100.0% 0 .0% 161 
6.00 Outside 5km 4180 100.0% 0 .0% 4180 

a. MODEL = 25UR010 Grey & Bruce Counties - Urban 

ASRX 

1.60 

1.50 

1.40 
0 

i 1.30 

Q) 

~ 1.2.0 

.s 
! 1.10 

~ 
i:, 1.00 

~ 
~0.90 

a. 
0.80 

0.70 

0.60 

Market Area: Grey & Bruce Counties ~ Urban 

1km to2krn 2km IOSkrn 

BufferDlst_mln 

Total 
Percent 
100.0o/o 
100.0% 
100.0o/o 

OutsideSkm 

MODEL = 26RR010 Chatham-Kent - Rural/Wallaceburg 

BufferDist_min 
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Case Processing Summary8 

cases 
Valid Mlsslna 

BufferOlst min N Percent N Percent N 
ASRX 1.00 Within 1km 83 100.0% 0 .0% 83 

2.00 1 km to 2km 300 100.0% 0 .0% 300 
5.00 2km to 5km 836 100.0% 0 .0% 836 
6.00 Outside 5km 663 100.0% 0 .0% 663 

a. MODEL = 26RR01 O Chatham-Kent - Rural/Wallaceburg 

ASRX 

Market Area: Chatham-Kent • Rural/Wallaceburg 

2.00 

1.90 

1.80 

1.70 

~ 1.60 
ca 

0:: 1.50 
a, 
'ii 1.40 

"' O 1.30 .. 
! 1.20 

~1.101---

i 1.00,-1----
ts 
i:j 0.90 

l 0.80 

0.70 

0.60 

0.50 

0.40 

Wlthln 1km 1 km to 2km 2km to 5km 

BufferDist_mln 

MODEL = 26RR030 Lambton County - Rural/WF 

BufferDist_min 

Total 
Percent 
100.0% 
100.0% 
100.0% 
100.0% 

OUtslde 5km 
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Case Processing Summary8 

Cases 
Valid Mlsslnq Total 

BufferDlst min N Percent N Percent N Percent 
ASRX 1.00 Within 1km 1 100.0o/o 0 .0% 1 100.0% 

2.00 1km to 2km 23 100.0% 0 .0% 23 100.0% 
5.00 2km to 5km 76 100.0% 0 .0% 76 100.0% 
6.00 Outside 5km 1942 100.0o/o 0 .0% 1942 100.0% 

a. MODEL = 26RR030 Lambton County - RuraWIF 

ASRX 

Market Area: Lambton Coun • Rural/WF 

1.40 

1.30 

1.20 
0 
~ 
~ 1.10+------=;;;...;,:;;;~~.;.;=~~-f-_....;-,=..-----f---=;;;;.=;-=..,;;;.;;;.;;,...-f,.--=-=-- --4 

G) 

ii u, 1.00-----------
0 -~ 0,90-4------.....;;;==---~----= 
~ 
-c, 0.80 

~ 
i0.70 

a. 
0.60 

0.50 

0.40 

Wlthln 1km 1 km to 2km 2km to 5km 

BufferDist_mln 

MODEL= 27RR120 Essex County 

BufferDist_min 

Outside 5km 
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Case Processing Summary' 

Cases 
Valid Missina 

BufferDlst min N Percent N Percent 
ASRX 1.00 Within 1km 112 100.0% 0 .0% 

2.00 1 km to 2km 272 100.0% 0 .0% 
5.00 2km to 5km 768 100.0% 0 .0% 
6.00 Outside 5km 2198 100.0% 0 .0% 

a. MODEL= 27RR120 Essex County 

ASRX 

1.80 

1.70 

1.60 

~ 1.50 
ftS 
~ 
CD 1.40 

'ii 
ti) 1.30 
.s 
! 1.20 
'ii 
> 1.10-+---
'tl 
Cl) 

l!1.oo---
'tl 

Market Area: Essex County 

Total 
N Percent 
112 100.0% 
272 100.0% 
768 100.0% 

2198 100.0% 

E. 0.90~----+---------'='1'=-------+---------11-------i 

0.80 

0.70 

0.60 

Within 1km 1 km to 2km 2km to 5km Outslde5km 

BufferDlst_mln 

MODEL= 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

BufferDist_min 
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Case Processing Summary& 

Cases 
Valid Mlsslna Total 

BufferDlst min N Percent N Percent N Percent 
ASRX 1.00 Within 1 km 1 100.0% 0 .Oo/o 1 100.0% 

2.00 1km to 2km 154 100.0% 0 .Oo/o 154 100.0% 
5.00 2km to 5km 179 100.0% 0 .Oo/o 179 100.0% 
6.00 Outside 5km 2660 100.0% 0 .Oo/o 2660 100.0% 

a. MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

ASRX. 

Market Area: Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

1.60 

1.50 

1.40 

~ 1.30 
cu 

0:: 1.20 
CD 
'i 
U, 1.10-+-----------
0 .. 
! 1.00----------
'i 
> 0.90~-----------t-------
'O 
CD 
U 0.80 ,, 
e a. 0.70 

0.60 

0.50 

0.40 

Within 1km 1 km to 2km 2km to 5km 

BufferDlst_mln 

MODEL = 31RR010 District of Algoma 

BufferDist_min 

Outslde5km 
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Case Processing Summa,ya 

Cases 
Valld Missina 

BufferOist min N Percent N Percent 
ASRX 2.00 1 km to 2km 5 100.0o/o 0 .0% 

5.00 2km to 5km 7 100.0% 0 .0% 
6.00 Outside 5km 1483 100.0% 0 .0% 

a. MODEL= 31RR010 District of Algoma 

ASRX 

0 

1.60 

1.50 

1.40 

1.30 

i 1.20 
0:: 
,! 1.10----
IQ 

(/J 
o 1.00 -~ 0.90-1-----

m 
>0.80 

10.10 u 
=ti I! 0.60 

G. 
0.50 

0.40 

0.30 

0.20 

1kmto2km 

Market Area: District of Al oma 

2km to5km 

BufferDlst_mln 

MODEL = 31UR010 Sault Ste. Marie/Prince Twp 

BufferDist_mi n 

Total 
N Percent 

5 100.0% 
7 100.0% 

1483 100.0% 

Outside 5km 
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Case Processing Summary' 

Cases 
VaUd Misslna 

BufferDist min N Percent N Percent 
ASRX 2.00 1 km to 2km 12 100.0% 0 .0% 

5.00 2km to 5km 3 100.0% 0 .0% 
6.00 Outside 5km 2801 100.0% 0 .Oo/o 

a. MODEL= 31UR010 Sault Ste. Marie/Prince Twp 

ASRX 

Market Area: Sault Ste. Marie/Prince T 

1.60 

1.50 

1.40 

0.60 

0.50 

0.40 

1kmto2km 2km toSkm 

BufferDlst_mln 

Boxplot ASR by Distance by Market Type 

Rural 

BufferDist_min 

Total 
N Percent 

12 100.0% 
3 100.0% 

2801 100.0% 

Outside5km 
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BufferDlst min 
ASRX 1.00 Within 1 km 

2.00 1 km to 2km 
5.00 2km to 5km 
6.00 Outside 5km 

a. MRKTTYPE = RR 

ASRX 

2.10 

2.00 

1.90 

1.80 

1.70 

1.60 
0 1.50 
~ 
t,s 1.40 c::: 
Q) 1.30 
'i& 1.20 "' 0 - 1.10 
Q) 1.00 :::, 

~ 0.90 ,, 0.80 

t; 0.70 

i:i 0.60 
! a., 0.50 

0.40 

0.30 

0.20 

0.10 

0.00 

Case Processing Summary8 

Cases 
VaDd Misslna Total 

N Percent N Percent N Percent 
278 100.0% 0 .0% 278 100.0% 
715 100.0% 0 .0% 715 100.0% 

2284 100.0% 0 .0% 2284 100.0% 
23135 100.0% 0 .0% 23135 100.0% 

MRKTTYPE: RR 

-0.10-L..-----.--------~-------,-------r------' 
Within 1km 

Urban 

BufferDist_min 

1 km to 2km 2km to 5km Outside 5km 

BufferDist_mln 
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BufferDlst min 
ASRX 1.00 Within 1 km 

2.00 1 km to 2km 
5.00 2km to 5km 
6.00 Outside 5km 

a. MRKTTYPE = UR 

ASRX 

0 

1.80 

1.70 

1.60 

1.50 

i 1.40 
a:: 
,!! 1.30 
ns 

V) 1.20 
0 -

Case Processing Summary8 

Cases 
Valid Misslna Total 

N Percent N Percent N Percent 
1 100.0% 0 .0% 1 100.0% 

274 100.0% 0 .0% 274 100.0% 
n9 100.0% 0 .0% ng 100.0% 

13958 100.0% 0 .0% 13958 100.0% 

MRKTTYPE: UR 

~ 1.10----------------- ---------------

'ii > 1.00,-1----- ~ = ==-=~~ 
"Cl 
"G0.90 
"'g 0.80 ... 
a. 

0.70 

0.60 

0.50 

0.40 

Within 1km 1 km to 2km 2km to 5km 

BufferDlst_mln 
Outside 5km 
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Appendix D6 - View Boxplots 

Boxplot ASRs Sales Less Than 1 km by View 

view 

Case Processing Summary 

ASRX 

ASRX 

0 

2.00 

1.90 

1.80 

1.70 

! 1.60 

G> 1.50 
'iii 
U) 
O 1.40 -~ 1.30 
'iii > 1.20 
'a 

view N 
full 190 
none 56 
partial 33 

! 1.10,-1------

:s 
! 1.00 
Q. 

0.80 

0.70 

0.60 

Cases 
Valid Misslna 

Percent N Percent 
100.0% 0 .Oo/o 
100.0% 0 .Oo/o 
100.0% 0 .0% 

N 
190 

56 
33 

Total 
Percent 
100.0% 
100.0% 
100.0% 

full none 

standardized vista description 

Boxplot ASR Sales 1 km to 2km by View 

view 

Appendix 06 

partial 
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Case Processing Summary 

Cases 
Valid Misslna 

view N Percent N Percent 
ASRX 

ASRX 

2.00 

1.90 

1.80 

1.70 

O 1.60 
;: 
~ 1.50 

GI 
cij 1.40 
u, 
o 1.30 .. 
~ 1.20 

full 239 
none 647 
partial 103 

~1.10-----,, 
°U 1.00 

100.0% 0 
100.0% 0 
100.0% 0 

iS 0.904--------"=..=-------
l! 

Q. 0.80 

0.70 

0.60 

0.50 

0.40 

full 

.0% 

.0% 

.0% 

none 

Total 
N Percent 
239 100.0% 
647 100.0% 
103 100.0% 

standardized vista description 
partial 

Boxplots ASR Sales within 1 km by View by Market Area 

MODEL = 05RR030 Napanee,Loyalist Twp, Frontenac/Lennox & Addington 
Counties South Rural/WF 

view 
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Case Processing Summary8 

Cases 
Valid Missina Total 

view N Percent N Percent N Percent 
ASRX full 8 100.0% 0 .0% 8 100.0% 

none 2 100.0% 0 .0% 2 100.0% 
partial 3 100.0% 0 .0% 3 100.0% 

a. MODEL = 05RR030 Napanee,Loyalist Twp, Frontenacllennox & Addington Counties South Rural/WF 

ASRX 

Market Area: Napanee,Loyallst Twp, Frontenac/Lennox & Addington Counties South Rural/WF 

1.30 

1.20 

0 

I 
a, 1.10 

"ii 
fl) 

s 
!1.00-----

~ ,, 
G) 

£ 0.90----'--,, 
2! 
Q. 

0.80 

0.70 

full none 

standardized vista description 

partial 

MODEL = 20RR01 O Brant, Halidmand, Norfolk Counties • Rural/WF 

view 
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Case Processing Summary8 

Cases 
Valid Mlsslno Total 

view N Percent N Percent N Percent 

ASRX full 12 100.0% 0 .0% 12 100.0% 

none 12 100.0% 0 .0% 12 100.0% 

partial 1 100.0% 0 .0% 1 100.0% 

a. MODEL = 20RR010 Brant, Halldmand, Norfolk Counties - Rural/WF 

ASRX 

Market Area: Brant, Halldmand, Norfolk Counties - Rural/WF 

1.50 

1.40 

0 
;; 
cu 1.30 
IX 
G) 

ii 
ti) 1.20 s 
G) 
:::, 
ii >1.10-----
,:, 

~ 
iS a, 1.00-+-----.. 
a. 

0.80 

full none 
standardized vista description 

partial 

MODEL = 22RR010 Dufferin & Wellington Counties - Rural 

view 
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Casa Processing Summary8 

Cases 
Valld Mlsslna Total 

view N Percent N Percent N Percent 
ASRX full 20 100.0% 0 .0% 20 100.0% 

none 3 100.0% 0 .0% 3 100.0% 
partial 3 100.0% 0 .0% 3 100.0% 

a. MODEL= 22RR010 Dufferln & Wellington Counties- Rural 

ASRX 

Market Area: Dufferln & Wallin on Counties • Rural 

1.60 

1.50 

1.40 
0 
;:l 

~ 1.30 
a, 

~ 1.20 

.s 
~ 1.10-----

i 
"D 1.00-+-----

.! u 
:S o.oo-+----
! 
a. 

0.80 

0.70 

0.60 

full none 

standardized vista description 
partial 

MODEL = 23RR010 Elgin, Middlesex & Oxford Counties - Rural 

view 
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Case Processing Summary' 

Cases 
Valid Missina Total 

view N Percent N Percent N Percent 

ASRX full 2 100.0% 0 .0% 2 100.0% 
partial 2 100.0% 0 .0% 2 100.0% 

a. MODEL= 23RR010 Elgln, Middlesex & Oxford Counties- Rural 

ASRX 

Market Area: Elgin, Middlesex & Oxford Counties • Rural 

1.20 

.2 1.10-1----------------------cu 
0:: 
CD 
ii 
UJ 
0 -~ 1.00-1--------------------------------t 
~ ,, 
~ 
=s e a. 0.90 

0.80 

full partial 

standardized vista description 

MODEL = 24RR010 Huron & Perth Counties • Rural/Waterfront 

view 

Case Processing Summaryl 

Cases 
Valid Missina Total 

view N I Percent N I Percent N I Percent 
ASRX full 2 I 100.0% o I .0% 2 I 100.0% 
a. MODEL= 24RR010 Huron & Perth Counties- Rural/Waterfront 
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ASRX 

Market Area: Huron & Perth Counties • Rural/Waterfront 

1.40 

1.30 

,g 1.20 

~ 
G1 ii 1.10-t-- --:-:,--.,,-----,.,...---.--"""'--.;,;...._-.....;. _____________ ;;;....;;;..;;;.;;~-J 

U) 

s 
~ 1.00-t--.....,....--------------------------..-1 
~ 
,:, G)0.90-t---~-------------------=--...;___;..:_____;~---1 
t, 
=a 
! a. 0.80 

0.70 

0.60 

full 

standardized vista description 

MODEL = 25RR010 Grey & Bruce Counties • Rural/Waterfront 

view 

Case Processing Summary'-

Cases 
vand Mlssina Total 

view N Percent N Percent N Percent 
ASRX full 10 100.0% 0 .0% 10 100.0% 

none 1 100.0% 0 .0% 1 100.0% 
partial 1 100.0% 0 .0% 1 100.0% 

a. MODEL= 25RR010 Grey & Bruce Counties - Rural/Waterfront 

ASRX 
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2.00 

1.90 

1.80 

0 1.70 

~ 
Cl> 1.60 

ia 
Ul 1.50 s 
~ 1.40 

ia 
> 1.30 
'tJ 
Cl> 
U 1.20 
=a 
~ D. 1.10 

Market Area: Gre & Bruce Counties • Rural/Waterfront 

1.00-+---"----

0.80 

full none 

standardized vista description 

MODEL = 26RR01 O Chatham-Kent • Rural/Wallaceburg 

view 

Case Processing Summary' 

Cases 
Vafid Missino Total 

view N Percent N Percent N Percent 
ASRX full 61 100.0% 0 .0% 61 100.0% 

none 16 100.0% 0 .0% 16 100.0% 
partial 6 100.0% 0 .0% 6 100.0% 

a. MODEL= 26RR010 Chatham-Kent- Rural/Wallaceburg 

ASRX 

partial 
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1.80 

1.70 

1.60 

.2 1.50 

~ 
a, 1.40 

ii 
tn 1.30 
s 
! 1.20 

'ii 
> 1.10-----,, 
Q) 

U 1.00-----

e o. 0.90 

0.80 

0.70 

0.60 

Market Area: Chatham-Kent - Rural/Wallacebu 

full none 

standardized vista description 

MODEL = 26RR030 Lambton County • Rural/WF 

view 

Case Processing Summary' 

Cases 
Valid Mlsslna Total 

view N I Percent N I Percent N I Percent 
ASRX partial 1 I 100.0% o I .0% 1 I 100.0% 
a. MODEL = 26RR030 Lambton County - Rural/WF 

ASRX 

partlal 
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Market Area: Lambton Coun • Rural/WF 
2.10 

2.00 

1.90 

1.80 

1.70 

1.60 

.9 1.50 -11AO 
CD 1.30 

I 1.20 
,2 1.1n-1---------------------.,.--------t 

! 1.001-1-----------------....... ~-------------1 
~ 0.90 
,, 0.60 

,! 0.70 

=ii 0.60 

i 0.50 
0.40 

0.30 

0.20 

0.10 

0.00 

-0.10---------------,.-------------
partial 

standardized vista description 

MODEL = 27RR120 Essex County 

view 

Case Processing Summary' 

Cases 
Vaffd Mlsslna 

view N Percent N Percent 
ASRX fuU 74 100.0% 0 .0% 

none 22 100.0% 0 .0% 
partial 16 100.0% 0 .0% 

a. MODEL= 27RR120 Essex County 

ASRX 

Total 
N Percent 

74 100.0% 
22 100.0% 
16 100.0% 
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Market Area: Essex Coun 

1.40 

1 . 

.2 1.20 

i 
CD ii 1.10-------------

UJ 
0 -! 1.00-+-----

~ ,, 
Cl> 0.90-+------1----------+-----------,1--------1 
t; 
=a 
£ O.BO 

0.70 

0.60 

full none 

standardized vista description 
partlal 

MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

view 

Case Processing Summary' 

Cases 
Valid Mlssina Total 

view N I Percent N I Percent N I Percent 
ASRX full 1 I 100.0% 0 I .0% 1 I 100.0% 

a. MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

ASRX 
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Market Area: Lasalle, Tecumseh Lakeshora Urban & Essex Urban 

. - ~.,t 

fuD 

standardized vista description 

Boxplots ASR Sales 1 km to 2km by view by Market Area 

MODEL = 05RR030 Napanee,Loyallst Twp, Frontenac/Lennox & Addington 
Counties South RurallWF 

view 

Case Proceaslng Summ.,,a 

Cases 
VaDd -- Total ,._ 

view N Percent N Percent N Pen:ent 
ASRX none 5 100.0% 0 .0% 5 100.0% 

partlal 2 100.0% 0 .0% 2 100.0% 
a. MODEL ::z OSRR030 Napanee,LoyaDst Twp, Frontenac/Lennox & Addington Counties South Rural/WF 

ASRX 
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Market Area: Napanee,Loyallst Twp, Frontenac:/Lennox & Addington Counties South Rural/WF 
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1.50 

1.40 

0 
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CD 
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.s 
~ 1.10-------

;: 
,:, 1.00-------

u I 0.90 

D. 
0.80 

0.70 

0.60 

none partial 

standardized vista description 

MODEL = 20RR010 Brant, Halidmand, Norfolk Counties - Rural/WF 

view 

Case Processing Summary' 

Cases 
Valid Misslno Total 

view N Percent N Percent N Percent 
ASRX full 2 100.0% 0 .0% 2 100.0% 

none 7 100.0% 0 .0% 7 100.0% 

a. MODEL= 20RR010 Brant, Halldmand, Norfolk Countles- Rural/WF 

ASRX 
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Market Area: Brant. Halldmand, Norfolk Counties • Rural/WF 

full none 

standardized vista description 

MODEL = 22RR010 Dufferin & Wellington Counties - Rural 

view 

Case Processing Summary' 

Cases 
Valid Mlsslna Total 

view N Percent N Percent N Percent 
ASRX full 10 100.0% 0 .0% 10 100.0% 

none 7 100.0% 0 .0% 7 100.0% 
partial 8 100.0% 0 .0% 8 100.0% 

a. MODEL= 22RR010 Dufferin & Wellington Counties- Rural 

ASRX 

Page 14 

Exhibit A15-2

 
015475



Market Area: Dufferln & Welllngton Counties • Rural 

1AO 

1.30 

..2 1.20 

i 
Cl) 
'ii 1.10-------+--------

"' s 
! 1.00-r------: 

~ 
'C a, 0.90-----
1> 
=a e D. 0.80 

0.70 

0.60 

full none 

standardized vista description 

MODEL = 22UR030 Wellington County Villages 

view 

Case Processing Summa,ya 

cases 
Valid Missina Total 

view N Percent N Percent N Percent 
ASRX full 6 100.0% 0 .0% 6 100.0% 

none 81 100.0% 0 .0% 81 100.0% 
partial 5 100.0% 0 ,0% 5 100.0% 

a. MODEL = 22UR030 WeRington County Villages 

ASRX 

partlal 
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1.80 

1.70 

1.60 

0.80 

0.70 

0.60 

full none partial 

standardized vista description 

MODEL = 23RR010 Elgin, Middlesex & Oxford Counties - Rural 

view 

Case Processing Summa,y' 

cases 
Valid Mlsslna Total 

view N Percent N Percent N Percent 
ASRX full 2 100.0% 0 .0% 2 100.0% 

none 48 100.0% 0 .0% 48 100.0% 
partial 2 100.0% 0 .0% 2 100.0% 

a. MODEL = 23RR01 O Elgin, Middlesex & Oxford Counties - Rural 

ASRX 
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Market Area: Elgin, Middlesex & Oxford Counties • RuraJ 

1.80 

1.70 

1.60 

.5! 1.50 

~ 
a, 1.40 
,a 
U) 1.30 
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! 1.20 
,a 
> 1.10-+--------------,, 
4) 

U 1.00-+----,, 
e a. 0.90-+-----

0.80 

0.70 

0.60 

full none 

standardized vista description 
partial 

MODEL = 24RR010 Huron & Perth Counties - Rural/Waterfront 

view 

Case Processing Summary& 

Cases 
Valid Missina Total 

view N Percent N Percent N Percent 
ASRX full 2 100.0% 0 .0% 2 100.0% 

partial 1 100.0% 0 .0% 1 100.0% 
a. MODEL= 24RR010 Huron & Perth Counties· Rural/Waterfront 

ASRX 
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Market Area: Huron & Perth Counties • Rural/Waterfront 

1.30 

1.20 

0.80 

full partial 

standardized vista description 

MODEL = 25RR010 Grey & Bruce Counties - Rural/Waterfront 

view 

Case Processing Summa,y' 

Cases 
Valid Mlsslna Total 

view N Percent N Percent N Percent 
ASRX full 13 100.0% 0 .0% 13 100.0% 

none 4 100.0% 0 .0% 4 100.0% 
partial 2 100.0% 0 .0% 2 100.0% 

a. MODEL = 25RR010 Grey & Bruce Counties - Rural/Waterfront 

ASRX 
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Market Area: Gre & Bruce Counties • Rural/Waterfront 

1.40 

1.30 

0 
1ii 1.20 
ct: 
G) 

'ii 

"' o 1.10-+------G) 
:s 
'ii > 1.00--------------,, 
~ 
"g 0.90-+-------------... 
Q. 

0.80 

0.70 

full none 

standardized vista description 

MODEL= 25UR010 Grey & Bruce Counties - Urban 

view 

Case Processing Summary' 

cases 
VaUd Missina Total 

view N Percent N Percent N Percent 
ASRX none 15 100.0% 0 .0% 15 100.0% 

partial 1 100.0% 0 .0% 1 100.0% 

a. MODEL= 25UR010 Grey & Bruce Counties - Urban 

ASRX 

partial 
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Market Area: Grey & Bruce Counties • Urban 

0.70 

none partial 

standardized vista description 

MODEL = 26RR010 Chatham-Kent - Rural/Wallaceburg 

view 

Case Processing Summatya 

cases 
Valid Mlsslna Total 

view N Percent N Percent N Percent 
ASRX full 78 100.0% 0 .0% 78 100.0% 

none 196 100.0% 0 .0% 196 100.0% 
partial 26 100.0% 0 .0% 26 100.0% 

a. MODEL= 26RR010 ChathaJTH(ent - RuraVWallaceburg 

ASRX 

Page 20 

Exhibit A15-2

 
015481



0 

2.00 

1,90 

1 .. 80 

1.70 

'5 1.60 
n:: 
CD 1.50 

'ii 
U) 1.40 

,21.30 
G> 

.= 1.20 

~ 
i::,1 .10-----
.! £ 1.00-----
"D 

Market Area: Chatham-Kent • Rural/Wallaceburg 

f 0.90-----------------------
D.. 

0.80 

0,70 

0 .. 60 

0.50 

full none 

standardized vista description 

MODEL = 26RR030 Lambton County • Rural/WF 

view 

Case Processing Summary' 

Cases 
Valid Mlsslna Total 

view N Percent N Percent N Percent 
ASRX full 1 100.0% 0 .0% 1 100.0% 

none 20 100.0% 0 .Oo/o 20 100.0% 
partial 2 100.0% 0 .0% 2 100.0% 

a. MODEL = 26RR030 Lambton County • RuraWIF 

ASRX 

partial 
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Market Area: Lambton Cou • Rural/WF 

1.20 

0.80 

full none 
standardized vista description 

MODEL = 27RR120 Essex County 

view 

Case Processing Summary8 

Cases 
Valid Mlsslna 

view N Percent N Percent 
ASRX full 99 100.0o/o 0 .Oo/o 

none 132 100.0o/o 0 .Oo/o 
partial 41 100.0o/o 0 .Oo/o 

a. MODEL= 27RR120 Essex County 

ASRX 

Total 
N Percent 

99 100.0o/o 
132 100.0o/o 
41 100.0o/o 

partial 

Page 22 

Exhibit A15-2

 
015483
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1.60 

.2 1.50 -&! 
a, 1.40 
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0 -g: 1.20 
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> 1.10-+----
"0 
s £ 1.00-+--- --
"0 
a, 

Market Area: Essex Coun 

0:: 0.90-+------===------_.;;; 

0.80 

0.70 

0.60 

full none 

standardized vista description 
partial 

MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

view 

Case Processing Summary' 

Cases 
Valid Mlssina Total 

view N Percent N Percent N Percent 
ASRX full 25 100.0% 0 .0% 25 100.0% 

none 116 100.0% 0 .0% 116 100.0% 
partial 13 100.0% 0 .0% 13 100.0% 

a. MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

ASRX 
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Market Area: Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 
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0.40 

full none 

standardized vista description 

MODEL = 31RR010 District of Algoma 

view 

Case Processing Summaryli 

Cases 
Valid Missim:i 

view N I Percent N I Percent 
ASRX none s I 100.0% 01 .0% 
a. MODEL = 31RR010 District of Algoma 

ASRX 

Total 
N I Percent 

s I 100.0% 

partial 
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Market Area: District of Algoma 
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0.80 

none 

standardized vista description 

MODEL = 31UR010 Sault Ste. Marie/Prince Twp 

view 

Case Processing Summary' 

Cases 
Valid Misslna Total 

view N Percent N Percent N Percent 
ASRX full 1 100.0% 0 .0% 1 100.0% 

none 11 100.0% 0 .0% 11 100.0% 

a. MODEL= 31UR010 Sault Ste. Marie/Prince Twp 

ASRX 
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Impact of Wind Turbine Proximity on Sale Price 

Background 

Concern has been expressed that being in proximity to wind turbines negatively affects 
the sale prices of homes. To determine if this is the case, MPAC sought to determine if 
any difference in the market value of these residential homes was evident from its 
analysis for the 2008 base year reassessment. 

Methodology 

MP AC does not have a data element that identifies if a property abuts or is in proximity 
to a wind turbine. Therefore it was necessary to create an inventory of these properties. 
To do this, MPAC's database was reviewed and every property in the Province with a 
wind turbine or turbines was flagged. W'md turbines have a unique structure code. 
Therefore, an extract of every roll number with one or more occurrence of this structure 
code was completed. Also, the department responsible for valuing wind farms was 
contacted and a list of all wind farms valued by this group was provided. Using these 
two sources the inventory was created. It should be noted that if a wind turbine has been 
recently built and not yet inspected and added to MP AC's database, it would not be 
included in this inventory. 

Next, using MPAC's internal definitions of abuts and proximity (included at the end of 
this report), we identified any residential property (excluding farms) that met each 
definition and sold between 2005/01 and 2008/04. The number of wind turbines on the 
site that abutted or was in proximity was also recorded along with their total wattage. 
Farm sales were not included in this study because the Assessment Act dictates that they 
be valued based on their productive value using only farmer-to-farmer sales (Section 
19.5). This is different from residential properties that are assessed based on their most 
probable selling price on the open market (Section 19. l ). As a result, assessed values of 
farms can differ from their sale prices and would skew the results of this study. 

Sale prices were time adjusted to reflect the January l, 2008 valuation date used for 
MP AC's latest reassessment. These time adjustments were developed by market model 
area using all valid residential sales that occurred over the time period mentioned above. 
There are 131 market model areas in the Province. Once identified MPAC can compare 
its assessed values to the time adjusted sale prices to see if the results indicate any pattern 
of overassessment or underassessment. 

Results 

Because MP AC did not make an adjustment for proximity to wind turbines when 
developing its assessed values, if wind turbines did not affect value, one would expect to 
see assessment to sales ratios (the assessed value divided by the time adjusted sale price) 
near 1. If wind turbines had a negative affect, one would expect to see an average 
assessment to sale ratio (ASR) above 1. 
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Impact of Wind Turbine Proximity on Sale Price 

Province-wide there were 17 sales that met the specified criteria. Six sales abutted wind 
turbines. Eleven sales were in proximity to wind anbines (Using MP AC's internal 
definitions). The median assessment to sales ratio was 88% for the abutting properties 
and 92% for properties in proximity to wind anbines (see attached spreadsheet for full 
results). Also, there was no apparent relationship with the amount of power genented at 
the nearby site and the ASR. Given the limited number of sales, it is not poss1"ble to draw 
definitive conclusions. However, at this time it appears that there is not adequate 
evidence to wmant a negative adjustment to residential properties that abut or are in 
proximity to wind anbines. 

Assessment Act Sections 

19.1 The assessment of land shall be based on its Cmrent Value. "Current Value" as 
defined in the Act means, in relation to land, the amount of money the fee simple, if 
unencumbered, would realize if sold at arm's length by a willing seller to a willing buyer 

19.S For the purposes of determining the current value of farm lands used only for farm 
puq,oses by the owner or used only for firm pmposes by a tenant of the owner and 
buildings thereon used solely for farm purposes, including the residence of the owner or 
tenant and of the owner's or tenant's employees and their families on the farm lands, 

(a) consideration shall be given to the current value of the lands and buildings for 
farm puq,oses only; 

(b) consideration shall not be given to sales of lands and buildings to persons 
whose principal occupation is other than farming; and 

(c) the Minister may, by regulation, define "farm lands" and ''farm puq,oses". 

MP AC's Internal Definitions of Abuts and ProDlllity 

ABUTS: 

PROXIMITY: 

CMPAC 

Property is directly and immediately contiguous, physically 
touching, or sharing a common boundary line with another 
property or a site cbaracteristic. 

Property is directly across or diagonally across from the feature or 
attn"bute being descn"bed. It also includes properties within an 
economic neighbourhood that are positively or negatively affected 
by an economic influence, which affects the value within that 
neighbomhood. This may affect a few houses on a street, the 
entire street or a larger area. The positive or negative effect of 
economic influences may be different in some extleme situations 
and therefore may change the boundaries of what is normally 
considered 'proximity". Exceptions to the standard definition of 
proximity require appraisal judgement, common sense and 
consistency. See Rlw;trationfor standard examples of abuts and 
proximity properties. 
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Impact of Wind Turbine Proximity on Sale Price 
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Model· 19 

SC304SF 
TRAFFIC 
rd_gravl 
lwr_2KM 

Modtl:S8 

LAND A92 
LAND A94 
LAND A9S 
LAND_A96 
LAND A97 

LAND A98 

LAND AAS 

LAND AI8 

LAND A46 

LAND A77 

LAND AA6 

LAND B62 

LAND B64 
LAND B65 
LAND B67 

LAND B71 

LAND A14 

Appendix F - Study # 2 Regression Recalibrations 
Excluded Variables by Market Model 

05RR030 Excluded Variables 

Partial 
Beta In t Sig. Correlation Colllnearltv Statistics 
-.004(s) -.565 .572 -.012 .970 1.031 .184 
-.006(s) -.873 .383 -,018 .921 1.086 .184 
-.002(s) -.255 .799 -.005 .825 1.212 .184 
-.010(s) -1.091 .275 -.023 .603 1.651 .183 

20RR010 Excluded Variables 

- - Partial ColliDearity 

- Beta.Iii t Si2. CornlaUon StaUstics 
-.003ffffl -.606 .54S -.008 .706 
.002(ffl) .34S .730 .005 .678 
.OOO(ffl) -.057 .955 -.001 .938 

-.004(JJJ) -.927 .3S4 -.013 .911 
-.OOUfffl -.268 .789 -.004 .902 
.OOI(JJJ) .312 .75S .004 .951 

.004(jff) .647 .518 .009 .545 

.OOJ(jff) .47S .635 .007 .626 

-.00/(jff) -.249 .803 -.003 .973 

.004(jff) .822 .4Jl .012 .778 

.004(jff) .911 362 .013 .7S6 

.005(jff) 1.194 .233 .017 .943 
-.003(ff. -.752 .452 -.OJ I .928 
.003(ff. .524 .600 .007 .652 

-.003fff. -.512 .609 -.007 .638 
-.002(jff) -.444 .657 -.006 .925 

-.002(jff) -.386 .699 -.OOS .981 

LAND _A20AA2AB2 -.OOl(jff) -.236 .814 -.003 .987 
LAND A21 -.005(fffl -1.207 .227 -.017 .917 
LAND A22 .000/fffJ -.074 .941 -.001 .909 
LAND A23 -.OOJffffJ -.265 .791 -.004 .990 
LAND_A24 .002(jff) .391 .696 .005 .983 
LAND A2S .OOOfffn -.009 .993 .000 .989 
LAND A26 -.004(jff) -1.016 .310 -.OU .984 

LAND_A27 .003(jff) .659 .510 .009 .980 

LAND A31 .002(jff) .537 .591 .008 .993 
LAND A34 -.007(ffl) -1.524 .128 -.021 .965 
LAND A3S -.002(ffl) -.480 .631 -.007 .988 
LAND_A37 -.003(/ff) -.484 .628 -.007 .486 
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LAND A3S -.006(fffl -1.506 .132 -.021 .989 
LAND AS3B60 .003(fff) .622 .534 .009 .987 
LAND AS4 .006(/ff) 1.36.S .172 .019 .983 
LAND AS7 -.OOJ(flfJ -.281 .779 -.004 .979 
LAND A62A65 -.OOJrfffl -.243 .808 -.003 .990 
LAND A63 -.007(fffl -1.572 .116 -.022 .967 
LAND A64 -.OOJrtttJ -.351 .725 -.OOS .986 
LAND ASO -.006(fffl -1.454 .146 -.020 .982 
LAND A76 .004(fffl .956 .339 .013 .842 
LAND ASS -.006(.iJ) -1.337 .181 -.019 .895 
LAND AA3 .002fffi .583 .560 .008 .990 
LAND AA4 .005(ffi 1.115 .265 .016 .990 
LAND AOS .006(ffi 1.095 .273 .015 .643 
LAND_A07 .007(.iJ) 1.297 .195 .018 .573 

LAND_A09 .001(.iJ) .108 .914 .002 .544 

LAND_AS9 -.005(.iJ) -1.264 .206 -.018 .969 

SIMCOE_Bun.TON -.015(.iJ) -.875 .382 -.012 .062 

PORTDOVER BUil.TON .016(.iJ) 1.038 .299 .015 .072 

HNVILLAGES BUil.TON .012(.iJ) .740 .459 .010 .071 

CALEDONIA_ VACANT -.006(.iJ) -1.226 .220 -.017 .680 

IWT IKM -.006(.iJ) -1.385 .166 -.019 .913 

IWT 2KM -.002(fjj) -.459 .646 -.006 .978 

IWT SKM -.002(.iJ) -.392 .695 -.005 .716 

22RR010 Excluded Variables 

Model: 32 
Partial Collinearity 

Beta In t Sig. Correlation Statistics 
NB304 -.005{ff) -.503 .615 -.012 .940 
NB306 .008(ff) .767 .443 .018 .864 
NB307 -.OOS{ff) -.495 .621 -.012 .915 
NB312 .011{ff) 1.027 .305 .024 .771 
NB313 .OOS(ff) .622 .534 .015 .863 
NB331 .006(ff) .590 ,555 .014 .759 
NB332 -.009(ff) -.837 .403 -.020 .697 
NB335 .OOS(ff) .544 .587 .013 .914 
NB341 .003{ff) .290 .772 .007 .704 
NB342 -.004(ff) -.430 .667 -,010 .905 
NB345 .OOO(ff) -.042 .967 -.001 .747 
SPL BF -.001(ff) -.117 .907 -.003 .963 
SPL=SIDE -.003(ff) -.358 .720 -.009 .978 
comer -.007(ff) -.764 .445 -.018 .977 
rd_gravl -.009(ff) -.877 .381 -.021 .850 
IWT 1KM -.001(ff) -.089 .929 -.002 .888 
IW()KM -.003{ff) -.268 .789 -.006 .945 
IWT_5KM -.009(ff) -.961 .337 -.023 .920 
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23RR010 excluded variables 

Model: 73 
Partial Collinearity 

Beta In t Sia. Correlation Statistics 
NB0327 -.012(uuu) -1.229 .219 -.020 .320 
NB0367 -.001(uuu) -.202 .840 •.003 .868 
N80369 .004(uuu) .600 .549 ,010 .664 
NB0337 -.010(uuu) -1.028 .304 -.016 .353 
NB0338 .005(uuu) .837 .403 .013 .851 
NB0339 .003(uuu) .367 .714 .006 .530 
PCVLCONDO_BUIL T .OOO(uuu) -.042 .967 -.001 .994 
dw_shar -.OOB(uuu) -1.407 .159 -.022 .972 
ab_playg -.006(uuu) -1.006 .314 -.016 .968 
ab_walkw -.002(uuu) -.393 .695 -.006 .953 
ab_cemet .005(uuu) .852 .394 .014 .982 
ab_chrch .006(uuu) 1.048 .295 .017 .965 
pr_playg -.006(uuu) -1.037 .300 -.017 .914 
pr_green -.005(uuu) -.854 .393 -.014 .971 
pr_chrch -.004(uuu) -.730 .465 -.012 .940 
culdesac .003(uuu) .494 .622. .008 .879 
tp_steep .001 (uuu) .220 .826 .004 .821 
tp_low -.OOS(uuu) -.858 .391 ·.014 .927 
H3227X35 .007(uuu) .940 .347 .015 .596 
H3227X61 -.007(uuu) -1.176 .240 -.019 .791 
H3238X.61 .(uuu) .000 
H3245825 .004(uuu) .606 .545 ,010 .696 
H3245X30 -.012(uuu) -.804 .421 -.013 .136 
H3202X15 -.002(uuu) -.317 .751 -.005 .516 
H3202X46 .007(uuu) 1.235 .217 .020 .917 
H3211X15 -.OOB(uuu) •1.428 .154 -.023 .893 
H3418E26 -.006(uuu) -1.028 .304 -.016 .886 
H3418E21 .002(uuu) .406 .685 .006 .931 
H3424E04 •.008(uuu) -1.274 .203 •.020 .829 
H3424E05 .006(uuu) 1.047 .295 .017 .913 
H3424E10 -.003(uuu) -.554 .580 -.009 .939 
H3424E11 -.001(uuu) -.179 .858 -.003 .921 
H3939A06 -.002(uuu) -.329 .742 -.005 .890 
H3939A07 .OOB(uuu) 1.359 .174 .022 .942 
H3926A12 .005(uuu) .921 .357 .015 .921 
H3906M03 -.009(uuu) -1.465 .143 -.023 .839 
H3906M05 .002(uuu) .211 .833 .003 .236 
H3916A04 .009(uuu) 1.596 .1 11 .025 .912 
H3926A22 .002(uuu) .312 .755 .005 .940 
IWT 1KM -.OOB(uuu) ·1 .438 .150 -.023 ,987 
iwr_:2KM -.003{uuu) -.308 .758 -.005 ~ 86 
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24RR010 Excluded Varlables 

Model· 33 
Partial 

Correlatlo Collinearity 
Beta In t SIA. n Statistics 

NB1306 .015(gg) 1.370 .171 .049 .972 
NB1307 -.009(gg) -.823 .411 -.030 .993 
NB1308 .OOO(gg) .014 .989 ,001 ,963 
NB1309 -.003(gg) -.240 .810 -.009 .984 
NB1310 .002(gg) .145 .885 .005 .895 
NB1311 .003(gg) .263 .792 .Q10 .954 
NB1312 -.014(gg) -1.217 .224 -.044 .958 
NB1314 -.016(gg) -1.363 .173 -.049 .941 
NB1316 .006(gg) .557 .578 .020 .973 
NB1317 -.006(gg) -.509 .611 -.018 .956 
NB1319 -.004(gg) -.319 .750 -.012 .911 
NB1320 -.013(gg) -1.122 .262 -.041 .926 
NB1322 -.005(gg) -.407 .684 -.015 .928 
NB1324 -.009(gg) -.834 .404 -.030 .971 
NB1330 -.008(gg) -.744 .457 -.027 ,944 
NB1331 .OOO(gg) .027 .978 .001 .934 
NB1402 .007(gg) .562 .574 .020 .833 
NB1403 .005(gg) .405 .685 .015 .825 
NB1404 .007(99) .633 .527 .023 .916 
NB1405 .012(gg) .983 .326 .036 .858 
NB1407 -.009(gg) -.732 .464 -.026 .895 
NB1408 .008(gg) .617 .538 .022 .800 
NB1410 .012(gg) 1.044 .297 .038 .922 
NB1411 .013(gg) 1.157 .248 .042 .972 
vl_1321 .015(gg) 1.113 .266 .040 .719 
vl_1323 -.013(gg) -.957 .339 -.035 .719 
vi 1332 .008(gg) .671 .503 .024 .885 
RAV_LIN .004(gg) .379 .705 .014 .883 
sc310sf .001(gg) .098 .922 .004 .910 
1wr_1KM -.009(gg) -.829 .407 -.030 .955 
1wr_2KM -.010(gg) -.836 .403 -.030 .953 
1wr_5KM .OOO(gg) -.006 .995 .000 .572 
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25RR010 Excluded Variables 

Model·47 . 
Partial Colfinearity 

Beta In t Sia. Correlation Statistics 
NB1200 .005(uu) .716 .474 .013 .817 
NB1202 .011(uu) 1.351 .177 .024 .580 
NB1206 .008(uu) 1.097 .273 .020 .747 
NB1209 -.002(uu) -.300 .764 -.005 .864 
NB1210 -.009(uu) -1.132 .258 -.020 .638 
NB1213 .008(uu) .748 .456 .013 .558 
NB1216 -.006(uu) -.898 .369 -.016 .920 
NB1217 -.002(uu) -.318 .750 -.006 .958 
NB1218 .002(uu) .255 .799 .005 .836 
NB1219 .010(uu) 1.588 .112 .029 .872 
NB1221 .001(uu) .186 .852 .003 .667 
NB1222 -.005(uu) -.848 .396 -.015 .894 
NB1225 .006(uu) .484 .629 .009 .219 
NB1226 .004(uu) .634 .526 .011 .950 
NB1227 -.006(uu) -.950 .342 -.017 .931 
NB1228 .001(uu) .135 .893 .002 .984 
NB1229 -.002(uu) -.267 .790 -.005 .958 
NB1230 .002(uu) .278 .781 .005 .965 
NB1231 -.004(uu) -.697 .486 -.013 .983 
NB1232 .001(uu) .225 .822 .004 .984 
NB1233 .003(uu) .424 .671 .008 .996 
NB1235 -.001(uu) -.129 .897 -.002 .970 
NB1236 .010(uu) 1.602 .109 .029 .883 
NB1237 .006(uu) .813 .416 .015 .718 
NB1238 -.004(uu) -.564 .573 -.010 .794 
NB1239 .006(uu) .903 .386 .016 .983 
NB1240 -.010(uu) -1.402 .161 -.025 .750 
NB1242 .005(uu) .741 .459 .013 .831 
NB1243 .001(uu) .171 .864 .003 .811 
NB1244 .001(uu) .090 .928 .002 .459 
NB1248 -.008(uu) -1.308 .191 -.024 .968 
NB1247 -.009(uu) -1.491 .136 -.027 .953 
NB1249 -.004(uu) -.577 .564 -.010 .626 
NB1250 .004(uu) .639 .523 .011 .832 
NB1251 .004(uu) .630 .529 .011 .892 
NB1300 .013(uu) 1.323 .186 .024 .374 
NB1302 .007(uu) .879 .380 .016 .664 
NB1303 -.007(uu) -1.156 .248 -.021 .902 
NB1305 .004(uu) .560 .562 .010 .819 
NB1307 .010(uu) 1.400 .162 .025 .780 
NB1309 .OOO(uu) .071 .944 .001 .922 
NB1310 -.004(uu) -.498 .620 -.009 .576 
NB1311 .009(uu) 1.437 .151 .026 .941 
NB1312 .OOO(uu) -.006 .995 .000 .913 
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NB1313 .002(uu) .289 .773 .005 .967 
NB1314 -.004(uu) -.641 .521 -.012 .978 
NB1315 .006(uu) .983 .326 .018 .847 
NB1316 -.006{uu) -.971 .332 -.017 .839 
N81317 -.003{uu) -.521 .603 -.009 .937 
N81318 .003{uu) .369 .712 .007 .758 
NB1319 -.008{uu) -1.262 .207 -.023 .958 
NB1320 -.003{uu) -.469 .639 -.008 .805 
NB1321 .001{uu) .092 .927 .002 .801 
NB1322 .OOO{uu) -.050 .960 -.001 .826 
NB1323 .008(uu) 1.261 .207 .023 .959 
NB1325 -.007(uu) -1.156 .248 -.021 .990 
NB1326 .005(uu) .724 .469 .013 .930 
NB1328 .002(uu) .352 .725 .006 .994 
NB1329 -.005(uu) -.683 .495 -.012 .598 
NB1330 .001(uu) .179 .858 .003 .925 
NB1332 .001(uu) .207 .836 .004 .842 
NB1333 -.010(uu) -1.433 .152 -.026 .742 
NB1334 -.009(uu) -1.328 .184 -.024 .830 
NB1335 .002(uu} .316 .752 .006 .878 
N81336 .007(uu) 1.015 .310 .018 .813 
NB1338 -.002(uu) -.390 .696 -.007 .932 
NB1339 -.009(uu) -1.454 .146 -.026 .910 
NB1340 -.007(uu) -1.115 .265 -.020 .942 
NB1341 -.009(uu) -1.278 .201 -.023 .725 
NB1343 -.012(uu) -1.454 .146 -.026 .532 
NB1344 -.003(uu) -.484 .628 -.009 .831 
NB1345 -.007(uu) -1.000 .317 -.018 .712 
NB1346 -.003(uu) -.513 .608 -.009 .924 
NB1347 -.006(uu) -.920 .358 -.017 .916 
NB1348 .006(uu) .755 .450 .014 .535 
comer -.003(uu) -.477 .633 -.009 .946 
culdesac .003(uu) .490 .624 .009 .831 
RAV_LIN -.007(uu) -1.047 .295 -.019 .865 
IWT 1KM -.002(uu) -.273 .785 -.005 .891 
1wC2KM .001(uu) .137 .891 .002 .926 
IWT_5KM .001(uu) .158 .875 .003 .651 
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26RR01 O Excluded Variables 

Model: 21 
Partial Collinearity 

Beta In t SiQ. Correlation Statistics 
NB0184 .005(u) .652 .514 .017 .688 
NB0185 -.003(u) -.343 .732 -.009 .700 
NB0187 .001(u) .080 .936 .002 .793 
NB0200 .004(u) .498 .618 .013 .874 
NB0203 .005(u) .635 .526 .016 .926 
NB0204 .006(u) .790 .430 .020 .960 
NB0212 .003(u) .400 .689 .010 .961 
NB0214 -.004(u) -.530 .596 -.014 .933 
NB0216 -.004(u) -.581 .561 -.015 .860 
NB0220 -.007(u) -.939 .348 -.024 .886 
NB0224 .005(u) .095 .924 .002 .016 
NB0226 -.003(u) -.464 .643 -.012 .975 
NB0232 -.008(u) -1 .051 .293 -.027 .933 
NB0241 .003(u) .457 .648 .012 .917 
NB0248 .001(U) .199 .842 .005 .954 
NB0250 -.011 (u) -1.376 .169 -.036 .767 
NB0251 .OOO(u) -.007 .995 .000 .792 
NB0254 -.008(u) -1.098 .272 -.028 .937 
NB0259 .007(u) .614 .539 .016 .328 
NB0270 -.004(u) -.354 .723 -.009 .464 
NB0272 -.018(u) -.769 .442 -.020 .090 
NB0273 .003(u) .337 .736 .009 .766 
NB0276 -.001(u) -.119 .905 -.003 .425 
NB192_B16 .001(u) .126 .900 .003 .806 
NB230_E19 .001(u) .124 .901 .003 .366 
NB251 HIQUAL .004(u) .586 .558 .015 .951 
PC333SF .007(u) .906 .365 .023 .833 
PC332 -.036(u) -1.114 .265 -.029 .041 
PC391 .006(u) .688 .492 .018 .668 
PC392 -.003(u) -.408 .683 -.011 .767 
PC392395 .009(u) 1.148 .251 .030 .784 
NB183_LOWQUAL .004(u) .370 .712 .010 .424 
acc_no -.004(u) -.531 .595 -.014 .818 
FL1_D -.004(u) -.494 .621 -.013 .713 
floodp_r .003(u) .327 .744 .008 ,779 
no_str_l .008(u) .858 .391 .022 .535 
zone com .003(u) .452 .651 .012 .895 
IWT_1KM -.004(u) r-,584 .559 .015 .946 
IWT_2KM .002(u) .183 .855 .005 .720 
IWT SKM -.009(u) -1.153 .249 -.030 .764 
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26RR030 Excluded Variables 

Model· 6 
Partial CoUlnearity 

Beta In t Sig. Correlation Statlstlcs 

FL1_D -.002(f) -.308 .758 -.007 .681 

PC333T0336_SF .002(f) .395 .693 .009 .812 

MARKET2 -.003(t) -.082 .935 -.002 .024 

NB407B14_PC100 .001(f) .21 1 .833 .005 .784 

NB0304 -.004(f) -.537 .592 -.012 .559 

NB0305 .002(f) .256 .798 .006 .724 
NB0306 .004(f) .846 .518 .015 .827 

NB0311 .001(f) .149 .881 .003 .767 
NB0351 -.004(f) -.714 .475 -.016 .716 

NB352_065 .003(f) .5n .564 .013 .989 
NB0353 .OOO(f) -.022 .983 .000 .861 

NB0354 -.003(f) -.532 .595 -.012 .904 

NB0355 .OOO(f) -.010 .992 .000 .926 

NB0357 .OOO(f) -.001 .999 .000 .948 
NB0362 -.001 (f) -.233 .816 -.005 .713 
NB0364 -.003(f) -.625 .532 -.014 .966 
NB0365 .OOO(f) .on .939 .002 .985 
NB0368 .008(f) 1.356 .175 .031 .827 
NB0370 -.001(f) -.216 .829 -.005 .917 
NB0371 -.002(f) -.280 .n9 -.006 .568 
NB0376 .001(f) .136 .892 .003 .9n 
NB0378 -.003(f) -.349 .727 -.008 .487 
NB410_B61 -.007(f) -1.300 .194 -.030 .831 
NB415_856 .OOO(f) -.020 .984 .000 .372 
NB417_B48 .012(f) 1.338 .181 .031 .330 
ab_educ -.003(f) -.605 .545 -.014 .962 
ab_hydro -.007(f) -1.327 .185 -.031 .893 
SPLITLIN .004(f) .720 .471 .017 .773 
SPL_UNCV -.004(f) -.767 .443 -.018 .989 
zone_com -.001(f) -.211 .833 -.005 .931 
zone_lnd -.007(f) -1.185 .236 -.027 .820 
ZONE_LIN -.005(f) -.831 .406 -.019 .895 
IWT_2KM -.016(f) -1.417 .157 -.033 .218 
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27RR120 Excluded Variables 

Model·42 
Partial Collinearity 

Beta In t Sig. Correlation Statlstlcs 
NB0165 -.002(pp) -.256 .798 -.005 .521 
NB0166 -.001(pp) -.200 .842 -.004 .618 
NB0169 .004(pp) .560 .575 .011 .537 
NB0170 .007(pp) 1.332 .183 .025 .853 
NB0172 .OOO(pp) .002 .998 .000 .701 
NB0176 -.004(pp) -.770 .442 -.015 .934 
NB0177 .OOO(pp) .075 .941 .001 .625 
NB0179 -.003(pp) -.533 .594 -.010 .718 
NB0180 -.007(pp) -.793 .428 -.015 .287 
NB0183 -.003(pp) -.561 .575 -.011 .720 
NB0184 .007(pp) 1.374 .170 .026 .719 
NB0187 -.003(pp) -.480 .631 -.009 .433 
NB0192 -.004(pp) -.587 .557 -.011 .455 
NB0198 .OOO(pp) .032 .975 .001 .297 
NB0199 -.003(pp) -.722 .470 -.014 .980 
NB0272 .001(pp) .131 .895 .002 .498 
NB0279 .OOO(pp) -.048 .962 -.001 .390 
NB0281 -.004(pp) -.839 .402 -.016 .902 
NB0284 .011(pp) 1.496 .135 .028 .394 
NB0286 .002(pp) .344 .731 .007 .607 
NB0288 -.007(pp) -1 .220 .222 -.023 .648 
NB0293 .001(pp) .234 .815 .004 .923 
VILL VI. .011 (pp) .939 .348 .018 .154 
ab_playg -.004(pp) -.844 .399 -.016 .939 
ab_u_box -.003(pp) -.598 .550 -.011 .919 
Fl1_P .OOO(pp) .003 .998 .000 .851 
DES_LOG_SF .001(pp) .303 .762 .006 .974 
STOR_114 -.006(pp) -1 .205 .228 -.023 .924 
SPLIT_AOJ .002(pp) .426 .670 .008 .791 
NORTH381 .002(pp) .344 .731 ,007 .582 
NB359 A49 .001(pp) .107 .915 .002 .451 
NB383-047 .006(pp) 1.085 .278 .021 .607 
FLOOD_IM .006(pp) 1.299 .194 .025 .854 
NB169 PC100 .002(pp) .314 .754 .006 .930 
NB170-PC311 .001(pp) .180 .857 .003 .936 
NB370-PC100 -.008(pp) -1.055 .292 -.020 .373 
NB372-B74 -.002(pp) -.404 .686 -.008 .827 
NB182-NOT CBO .005(pp) .882 .378 .017 .770 
rwr_1i<M - -.004(pp) -.703 .482 -.013 .727 
1Wf_2KM .006(pp) 1.142 .254 .022 .767 
IWT_5KM -.007(Qp) -1 .323 .186 -.025 712 

Exhibit A15-2

 
015499



31RR010 Excluded Variables 
Modd:9 

Pu1:ial Collinearity 
Beta In t Sm. Correbtion Statistics 

iwtlt2km .OOJ{i) .307 .759 .006 .843 
IWr SKM .016(,) 1.487 .137 .028 .705 
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Re-sales Analyses - Lanslnk and MPAC 

Introduction 

Lansfnk Appraisal and Consulting released case studies on the Impact of proximity to Industrial wind 
turbines (IWTs) on sale prices for properties located near the Metancthon and Clear Creek wind turbine 
facilities In southwestern Ontario. 

The conclusions presented In the Lanslnk study are based on the analysis of 12 properties that sold and 
resold between June 2005 and November 2012. In two Instances In the Clear Creek study, Initial sales 
date back to March 2004 and September 1995. On other properties In the Clear Creek area, the Lanslnk 
study uses MPAC's January 1, 2008 Current Value Assessment (CVA) as a proxy sale price In which to 
conduct the analysis. All five properties used In the Melancthon study area Involved tanadlan Hydro 
Developers (CHO) as the purchaser on the lnltlal sale and the vendor on the re-sale. 

The conclusions of the case studies indicate a 30-35% loss In price due to the proximity of the properties 
to an IWT, based on the sale and re-sale of the 12 properties. 

In MPAC's review of the Lanslnk study, the appropriateness of the price change Index Is considered and 
another re-sale analysis Is conducted using an alternative price Index methodology In over 2,000 re-sales 
across Ontario. 

Basic Methodology In Lanslnk Study 

Each sale and re-sale (or in the absence of an initial sale the 2008 CVA) is presented as a case study. 
The Initial sale price and date are shown along with the Multiple Ustlng Service (MLS) average sale price 
for the month of sale. The re-sale price and date are shown along with the MLS average sale price for 
the month of the re-sale for the property. The MLS average sale prices are based on tanadlan Real 
Estate Association (CREA) data as presented by the local real estate board. 

The case study uses the percentage difference between MLS average sale prices to estimate price 
change over time In the marketplace. The Initial sale Is trended to the sale date of the re-sale. The 
difference between the trended sale price and the actual re-sale price Is calculated as a dollar amount 
and a percentage. Any difference In price between the trended sale price and the actual sale price is 
attributed to the presence of the IWT and presented as a diminution of price. 

Table 1 below provides a sample calculation that determines the loss In price in the Lansink case studies. 
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Table 1: Lanslnk Case Study Methodology Sample calculation 

-- Average Percentage 
Sale MLS Price@ Change-MLS Trended Sale Diminution 
Price Sale Date Time of Sale Average Price of Price 

Initial Sale $100,000 October 2010 $100,000 25.00% $125,000 ($10,000} 
Re-Sale $115,000 October 2011 $125,000 -8.0% 

In this example, using only 2 data points, the property initially sold for $100,000 in October 2010. It sold 
again in October 2011 for $115,000. The average MLS sale prices were $100,000 and $125,000 
respectively at time of sale. This results in a 25% increase over a 12 month period. The Initial sale price 
Is trended by 25% (multiplier of 1.25) to produce a trended sale price of $125,000. The Lanslnk study 
argues that without the nearby IWT, the property should have sold for Its trended sale price and then 
calculates the loss in price as the difference between the trended sale price and its actual sale price. In 
the above example, the loss In price Is ($10,000) or -8.0%. 

Methodology Issues 

The first issue with the basic methodology Is the use of the average MLS sale price as a proxy for market 
change. CREA statistics are board-wide and may not accurately repre.sent the average sale price In the 
local area (i.e., neighbourhood). Some areas of the board will be above average, some will be below 
average and others will be average. The use of average sale prices that are more local may produce 
different results. Also, there Is no comparison of the housing stock that sold during each time period. If 
the type of houses that sold each month differs, that could affect the average sale price and produce a 
misleading time adjustment. 

The second issue ls the use of only two data points to develop a trend. Two points always produce a 
straight line and don't give any information on what happened in between. Alternative time adjustment 
methods are available and used by appraisers using all available sales data and would produce a more 
reliable market trend1. 

Two sales used In the Clear Creek study area uses re-sales 8 and 17 years apart. One assumption with 
re-sale analysis is that there are no physical changes between sales. Given the length of time between, 
it is difficult to Imagine this assumption holds true. The remaining sales In the Clear Creek study area 
only have one sale and use the 2008 CVA as a proxy sale price as of January 2008. MPAC is not aware of 
any professional literature which states that assessments or appraised values maybe used in a re-sale 
analysis. 

To demonstrate that canadian Hydro Developers paid market value when they initially purchased the 
five properties near the Melancthon wind farm, the Lansink study calculated the median sale price per 
square foot for two groups of properties. Group A was 20 properties northwest of Shelburne and to the 
northeast and southeast of the IWT's. Group B was four of the five sales purchased by CHO. Because 
the two groups had similar sale prices per square foot, the Lansink study concluded that the CHD 
purchase prices represent fair open market prices. One of MPAC's major concerns with this approach is 
that Group B ls made up of only 4 sales. This Is a very small sample. 

1 Mike Wolff, Adjusting Market Value over Time, The Appraisal Journal, Fall 2010 
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Another Issue with one of the sales In Group B Is that It has an Indicated llvlng area In MPAC"s database 
of 900 square feet as opposed to the 1,800 square feet recorded by the lanslnk study The property In 
question appears to be a raised bungalow with a basement walkout. According to the Appraisal 
Institute of Canada, finished basements are generally not lnduded In total gross llvlng area. Total gross 
IMns area being defined as finished above grade residential space2• 

Other artides state that above grade and below grade finished areas should be distinguished between 
one another. Below srade Is senerally defined as space on a level with earth adjacent to any exterior 
waif. MPAC has recorded 563 square feet of finished area on this basement walkout level. 

lnduslon of unfinished basement area as total IMns area by the Lanslnk study Is Incorrect. The question 
Is should finished area below grade be lnduded as total IMns area used to determine the sale price per 
square foot. This difference Is Important and significant because of the small size and Its Impact on the 
median sale price per square foot for these four properties. If 900 square feet Is used, the median and 
averase sale prices per square foot Increase to $248.11 and $257.94 respectively. If the finished area 
below grade Is Included and 1,463 square feet of IMng area Is used, the median and averase are 
$219.87 and $225.34. 

Also, the sample used In Group A Is a subset of the available sales In the area. These sales come from 
four of MPAC"s homogeneous neighbourhoods. Homogenous Neighbourhoods are defined to capture 
the Influence of a particular location within a given market area. 

When all 113 sales In these four neighbourhoods are looked at, the followlns values per square foot are 
Indicated: 

. Median Sale Price/ SF 
Number of Sales . . ($) Mean Sale Price/ SF($) 

Unused Sales 91 176.64 187.90 
GrouD A Sales 18 212.37 206.16 
Group B Sales 4 248.11 257.94 
OVerall 1U 19U8 194.28 

Two of the sales Included In the Lanslnk study were coded as builder sales by MPAC and were not 
lnduded In MPAC"s sales database. For this reason, there are 18 sales from Group A Included In the 
above table. 

Upon further review, MPAC noted that three of the four CHD purchases (Group B) occurred In one 
homoseneous nelshbourhood (A67). Ten of the 20 Group A sales occurred In this neighbourhood. For 
this reason MPAC looked at all the sales In this homogeneous nelshbourhood separately using 900 
square feet for the sale In question. 

2 The Appraisal of Real Estate, 3"' canadlan Edition, (Appraisal Institute of canada), 2010, p.11.7 
1 Dianna LeBreton, How to measure and calculate residential square footap, Clnadtan Property Valuation Volume 
53, Book 1, (Appraisal Institute of canada), 2009 
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Unused Sales 11 200.00 20038 
Group A Sales 10 210.25 213.24 
GrouD B Sales 3 231.25 255.60 

-.·:, .. ,·,,. 

These figures Indicate there may be a difference between the sale prices paid by CHO and the typical 
sale prices In this area, albeit on a very small sample. If 1,463 square feet are used for the sale In 
question, the median and average sale price per square foot drops to $208.48 and $212.13, respectively. 
This highlights the volatility of using small sales samples. 

One final Issue with the sales used In the Lanslnk study was that the second sale price was consistently 
lower than the first sale price despite the fact the time frame being analyzed was one of Inflation. The 
absence of variability In the study make them suspect. 

MPAC's Re-Sale Analysis 

MPAC Identified over 2,000 re-sales of properties within the database used to conduct Its Assessment to 
Sale Ratio (ASR) analysis, as part of Its own study on the Impact of IWT's for the 2012 CVAs. 

A re-sal~ analysis using similar logic to the Lanslnk study was conducted using the Time Adjustment 
Factors {TAFs) developed as part of MPAC's analysis for each residential market area to prepare and 
quality check the 2012 CVAs prior to being placed on the assessment roll. Resldentlal time trends can 
be determined using one of five accepted methods. Paired sales methods and re-sale analysis methods 
are generally limited to fee appraisal and often too tedious for mass appraisal work. Mass appraisal 
time trend methods lndude tracking the sale price per unit over time, sales to assessment ratios over 
time or lndudlng time variables as a variable In the valuation model (I.e., Multiple Regression Analysis 
(MRA) model). lndudlng time variables In the valuation model Is MPAC's preferred approach to 
developing time trends and TAFs. 

The advantages of indudlng time variables In the MRA model Is that the effect of time Is Isolated 
because the model controls the other value Influences as part of the equation and all available sales 
within each market area can be used. Time trends may be straight-line (constant rate of change and 
direction over time) or non-linear (different rates of change and direction over time). Non-linear trends 
require additional terms to be added to the analysis to adequately capture market chanse. 

For valuation purposes, MPAC bases the midpoint of the TAF's on the legislated valuation date of 
January 1, 2012. 

The following ls a sample calculation of a time trend: 
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Coefficient for (Months x Total Living Area) = $0.833 

Average Living Area = 1,500 square feet 

Average Sale Price = $200,000 

Average Increase per month= 0.833•1500 = 1249.5 

Time Trend (r) ::::: 1249.5/200,000 ::::: 0.62475% per month 

Once the monthly rate Is established, a table of Time Adjustment Factors can be calculated for each 
month using the formula (r•Months) +1. 

Table 2 below, provides a sample table for the sales period, from July 2010 to December 2011, a period 
of 18 months. 

To centre the time adjustment factor on a desired month, simply divide the time trend for the desired 
month by each monthly time trend. To centre the time adjustment on December 2011, divide 1.1186 by 
each monthly trend. 

The ratio of the monthly TAFs will provide the percentage change In the market between the sale dates. 

a e : ampe me Tbl2S ITI Adj ustment actor a e F T bl 
Time Adjustment 

Sale Date Month Number TimeTrend Factor 
July2010 1 1.0062 1.1117 
August2010 2 1.0125 1.1048 
September 2010 3 1.0189 1.0979 
October 2010 4 1.0252 1.0911 
November 2010 5 1.0316 1.0843 
December 2010 6 1.0381 1.on6 
Januarv 2011 7 1.0446 1.0709 
February 2011 8 1.0511 1.0643 
March 2011 9 1.osn 1.0577 
Aprll 2011 10 1.0643 1.0511 
Mav2011 11 1.0709 1.0446 
June 2011 12 1.0776 1.0381 
July2011 13 1.0843 1.0316 
August2011 14 1.0911 1.0252 
Seatember 2011 15 1.0979 1.0189 
October 2011 16 1.1048 1.0125 
November 2011 17 1.1117 1.0062 
December 2011 18 1.1186 1.0000 
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To conduct Its re-sale analysis for this study, MPAC time adjusted the Initial sale of each property to that 
of the second sale using the ratio of monthly TAFs. This produces a trended sale price as of the re-sale 

date. Table 3 provides an example using the same data as Table 1 above. 

Table 3: MPAC's Re-Sale Analysis Sample calculatlon 

Sale· TAFtoJan 1, Trended Sale Percentage 

Price Sale Date 2012 TAFRatio Price .. . Difference 

Initial Sale $100,000 October 2010 1.0911 1.078 $107,800 

Re-Sale $115,000 October 2011 1.0125 6.68% 

In the example, the property Initially sold for $100,000 In October 2010. It sold again In October 2011 
for $115,000. The TAF from October 2010 to January 1, 2012 ls 1.0911, Indicating an overall Increase of 
9.11% over the time frame. The TAF from October 2011 to January 1, 2012 ls 1.0125, Indicating an 
overall Increase of 1.25% over the time frame. The ratio of the TAFs ls 1.078 (1.0911/1.0125), which 
indicates a 7.8% Increase the 12 months between sales. The Initial sale price Is trended by 7.8% 
(multiplier of 1.078) to produce a trended sale price of $107,800. 

An examination of the differences between the trended sale price and the actual sale amounts reveals 
the actual market change Indicated by the re-sales as compared to the market change Indicated by the 
entire market area. In other words; 

• A difference of 0% would Indicate that the market change as shown by the re-sales Is exactly the 
same as that Indicated for their respective market areas. 

• A difference above 0% means that the re-sales are Indicating greater Inflation In value than their 
respective market area. 

• A difference below 0% means that the re-sales are Indicating greater deflation In value than that 
of their respective market areas. 

In the sample calculation above, the re-sale of the subject property at $115,000 ls 6.68% greater than 
the trended sale price In the market area of $107,800. 

Table 4 provides the median percentage change for the 2,051 re-sales In MPAC's sales database using 

the previously defined distance groupings. 

Table 4: Summary of MPAC's Re-sale Analysis 

Median Number 
Percentage Minimum Maximum Number of of Sales 

Distance Number of Difference Percentase Percentage Sales Less Greater 
Grounln• Sales Difference Difference than CJ% than CJ% 

Wlthlnlkrn 12 2.84 -15.36 30.61 4 8 
1krnto2krn 52 6.35 -14.29 63.00 16 36 
2krnto5krn 150 -057 -18.90 88.10 n 73 
OutsldeSkm 1,837 2.05 -28.16 127.02 680 1,157 
OVERALL 2,051 1.96 -28.16 127.02 777 1,274 
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The results in Table 4 Indicate that re-sales of properties closest to wind turbines are experiencing 
greater market Increases than their respective market area. In terms of Individual re-sale market 
Increases, re-sale's with market shifts greater than 0% out number re-sales with market shifts Jess than 
0% by approximately 2 to 1 for properties within 2 km of an Industrial wind turbine. This result would 
indicate no loss In price due to proximity to the IWT. 

Summary of Findings 

MPAC's own re-sale analysis using a generally accepted methodology for time adjustment factors 
Indicates no loss In price based on proximity to the nearest IWT. This analysis using similar logic to that 
used In the Lansink study confirms the previous results from MPAC's report on the Impact of wind 
turbines on 2012 0/As and Is contrary to the conclusions of the Lansink study. 

Of the 2,051 sales used In MPAC's re-sale analysis, 2,002 had higher second sales, nine sold for the same 
price twice and 40 sold for less the second time. Of the 40 that sold for less the second time, 39 are 
outside 5km of an IWT, 1 is within 2 to 5km of an IWT and none are within 2km. That means 97.5% of 
these properties sold for more the second time. It is possible that some selection bias may exist In the 
Lanslnk studies. MPAC has attempted to prevent this by using all available re-sales In its analysis. 

MPAC previously applied the same re-analysis logic to another study conducted by Lanslnk Appraisal and 
Consulting on the potential Impact of existing or proposed gravel pits on neighbouring residential 
properties". The gravel pit study followed the same methodology as the Lanslnk Wind Turbine Study. 

Similar to this study, 13 of the 19 properties used had resale prices that were lower than the Initial sale 
used In the study. Of the remaining six sales, one sold for the same price twice, one sold for $1,000 
more than five years after the initial sale and one had 20 years between sales. The Lansink Gravel Pit 
study concluded a potential diminution in price (if any) of approximately 22%. MPAC's internal analysis 
Indicated no loss in price in the study area using the same re-sale analysis process. 

" Ben Lanslnk, •ease Studies: Diminution / Change In Price (If any) on Residential Real Estate Located In the Vicinity 
of an Existing or Proposed Ontario Pit or Quarry," Lanslnk Appraisals and Consulting, July 2013 
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Abstract 

The Municipal Property Assessment Corporation (MPAC) undertook a study to ensure that the 

assessments of properties in proximity to industrial wind turbines {IWTs) are fair and accurate. 

Over the last few years, the subject of IWTs has been the subject of numerous reports and studies 

- both in Canada and worldwide. Past and current studies undertaken by academics, real estate 

and health professionals have focused on the potential impacts of IWTs on property value and 

the health of those residing on the property. Given MPAC's legislated mandate, this report 

studies whether properties within five kilometres of an IWT are assessed at current value, and 

whether their assessment is equitable to those situated more than five kilometres from an !WT. 

MPAC's study concludes that 2016 Current Value Assessments (CVAs) of properties located 

within proximity to an IWT are assessed at their current value and are equitably assessed in 

relation to homes at greater distances. This finding is consistent with MPAC's 2008 and 2012 

CVA reports. The study underwent a rigorous independent third-party peer review (conducted 

by Robert J. Gloudemans) and includes appendices describing the study parameters and 

documenting the analyses. 
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Executive Summary 

This report provides the results of the Municipal Property Assessment Corporation's study of the 

impact of industrial wind turbines (IWTs) on residential property assessment in Ontario (2016 

Assessment Base Year Study). 

Background 

MPAC is responsible for accurately assessing and classifying property in Ontario in compliance 

with the Assessment Act and regulations set by the Government of Ontario. Our assessors are 

trained experts in the field of valuation and apply appraisal industry standards and best 

practices. Every four years, we conduct a province-wide Assessment Update and mail Property 

Assessment Notices to every property owner in Ontario. The most recent Assessment Update 

was in 2016 when we updated the assessed values of every property in Ontario. All properties 

were assessed as of the legislated valuation date of January 1, 2016. These updated values and 

classifications are used by municipalities and taxing authorities to calculate property taxes and 

are in effect for the 2017-2020 tax years. 

When assessing any property, MPAC relies on the real estate market to indicate what 

influence a factor, such as IWTs, may have on a property's value. MPAC does this through 

the ongoing study and analysis of the market including the investigation of sales 

transactions. 

Over the last few years, IWTs have been the subject of a number of reports and studies - both in 

Canada and worldwide. Studies undertaken by academics, real estate and health professionals 

have focused on the potential impacts of IWTs on property value and the health of those residing 

on the property. Given MPAC's legislative mandate, this report studies whether properties 

within five kilometres of an IWT are accurately assessed at their current value, and whether 

those properties are assessed equitably with properties that are further than five kilometres 

from an IWT. 

To date, MPAC has completed three reviews of the impact of IWTs: 2008, 2012 and 2016 base 

year studies. 

2008 Base Year Study 

MPAC undertook a study looking at the impact of IWTs on residential assessments using the 

2008 base year CVAs. The 2008 study concluded that the presence of IWTs that are either 

abutting or in proximity to a property had neither a positive nor negative impact on 

assessed values. 
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2012 Base Year Study 

With much more sales data available, MPAC was able to conduct a more thorough review using 

2012 assessment base year information. The study considered proximity and whether the wind 

turbine was visible (full, partial or not visible at all). A statistically significant difference was found 

between homes within one kilometre of an IWT and those farther away but the difference was 

well within international standards for equity between groups of property. All other tests showed 

equity between property groups. For more information about the 2012 base year review, see the 

introduction section of this report (which includes a link to the full report). 

2016 Base Year Study 

MPAC has continued to monitor the influence of proximity to IWTs over the current values 

of residential properties and has completed an analysis similar in scope to the 2012 Base 

Year Study. 

To conduct this study, MPAC considered 25 market areas with sufficient sales to allow for 

analysis and applied industry standard mass appraisal techniques and internationally accepted 

ratio study standards to current value assessments for these market areas. 

MPAC conducted an assessment-to-sale ratio study to determine whether assessments are 

equitable regardless of whether a property is within close proximity to an IWT. An individual 

assessment-to-sale ratio study is calculated by dividing the assessed value of each property by 

its time adjusted sale price. A ratio study is conducted to first establish the level of appraisal 

for a group of properties and equity is determined by comparing the level of appraisal with 

other groups of properties. If a group of properties is assessed at market value, the median 

assessment-to-sale ratio will lie between 0.90-1.10. By definition, equity is said to exist if the 

difference between the property categories is five per cent or less. This definition follows the 

International Association of Assessing Officers {IAAO) ratio study standards. 

MPAC found that the level of appraisal for properties within one kilometre of an IWT is 1.007. 

The level of appraisal for properties within one to two kilometres of an IWT is 0.995. These 

numbers are within 3.3% and 2.1% of the level of assessment of properties more than five 

kilometres from an IWT (0.974) and are below the 5% noted above. 

Conclusions 

Following its review, MPAC concluded that 2016 Current Value Assessments of properties 

located within proximity of an IWT are assessed at their current value and are equitably 

assessed when compared to the assessments of properties that are not in proximity to IWTs. 
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Therefore, no adjustments are required for 2016 CVAs. This finding is consistent with MPAC's 

2008 and 2012 base year IWT reports. 

In addition to the results shared in this report, MPAC also commissioned an internationally 

recognized expert in the field of mass appraisal and ratio studies to review the report and its 

findings. This expert has confirmed the findings in this report (Appendix A- Independent Review 

of Report - Industrial Wind Turbine Ratio Study - R.J. Gloudemans, November 22, 2016). 
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Introduction 

The topic of wind energy has been front and centre in the minds of many Ontarians, particularly 

those living in rural areas. Much has been written about how industrial wind turbines impact those 

who live in proximity to them. There has been extensive reporting on the numerous aspects of this 

subject, including reports of health effects, the approval process for siting IWTs and the potential 

for property devaluation due to the perceived stigma attached to these developments. 

Several studies, based on both scientific and non-empirical methods, have been completed 

by academics and real estate professionals to determine whether or not the presence of an 

IWT has an effect on the sale price of a property. A study released by the Berkeley National 

Laboratory and prepared for the U.S. Department of Energy', found minimal impact on 

property values as a result of being in close proximity to IWTs. A study by the University of 

Guelph using Ontario data reached a similar conclusion'. However, one Ontario case study' 

released in 2013, argues that properties in Ontario in proximity to an IWT are devalued by 

as much as 30 to 35 per cent. 

Also, Health Canada produced a study on the health effects of living near IWTs.4 

2008 Base Year Study 

MPAC conducted a study using 2008 base year Current Value Assessments, to determine 

whether residential properties located near IWTs were equitably assessed when compared to 

properties at a greater distance. The study was based on very limited sales information as there 

were few IWTs in the province at that time. As a result, it was difficult to draw meaningful 

conclusions with the 2008 study. Based on the available sale information, no adjustment to 

value was required for the 2008 Current Value Assessments. 

2012 Base Year Study 

In response to the growing presence of IWTs in Ontario as well as requests for information from 

stakeholders, MPAC undertook a new study using the 2012 base year CVAs to provide a 

thorough examination of the impact of IWTs on residential property assessment. 

1 Ben Hoen et al, "A Spatial Hedonic Analysis of the Effects of Wind Energy Facilities on Surrounding Property Values in the 
United States", Berkeley National Laboratory, August 2013 
2 Vyn, R. J., and R. M. McCullough. (2014). The effects of wind turbines on property values in Ontario: Does public perception 
match empirical evidence? Canadian Journal of Agricultural Economics 62 (3): 365-392. 
3 Ben Lansink, "Case Studies: Diminution/ Change in Price Melancthon and Clear Creek Wind Turbine Analyses, Municipal 
Property Assessment Corporation (MPAC) Current Value Changes," Lansink Appraisals and Consulting, February 2013 
4 http://www. hc-sc. gc. ca/ ewh-sem t/ noise-b ru it/tu rb i ne-eoli enn es/ summary-res um e-eng. p hp 
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Specifically, the study sought to examine the following two statements: 

1. Determine if residential properties in close proximity to IWTs are assessed equitably in 

relation to residential properties located at a greater distance. This was referred to as 

Study 1 - Equity of Residential Assessments in Proximity to Industrial Wind Turbines. 

2. Determine if sale prices of residential properties are affected by the presence of an IWT 

in close proximity. This was referred to as Study 2 - Effect of Industrial Wind Turbines 

on Residential Sole Prices. 

Study 2 was added to the original scope of the review to respond to enquiries MPAC received 

from stakeholders and interested parties. 

To conduct these studies, MPAC considered 15 market areas with sufficient sales to allow for 

analysis and applied industry standard mass appraisal techniques and internationally accepted 

ratio study standards. 

To determine the equity of assessments of properties within close proximity to an IWT, MPAC 

conducted an assessment-to-sale ratio (ASR) study. An individual ASR is calculated by dividing 

the assessed value of each property by its time-adjusted sale price. A ratio study is conducted to 

first establish the level of appraisal for a group of properties and equity is determined by 

comparing the level of appraisal with other groups of properties. If a group of properties is 

assessed at market value, the median ASR will lie between 0.90-1.105
• By definition, equity is 

said to exist if there is 5% or less difference between property categories (or groups of 

properties) as per International Association of Assessing Officers (IAAO) ratio study standards. 

The level of appraisal for properties within one kilometre of an IWT was 1.034. The level of 

appraisal for properties at greater distance (one to two kilometres, two to five kilometres and 

over five kilometres) ranged from 0.989 to 0.992, a 4.2 to 4.5% differential, which is below the 

5% noted above. 

Following its review, MPAC concluded that 2012 CV As of properties located within proximity of 

an IWT were assessed at their current value and were equitably assessed in relation to homes at 

greater distances from the IWTs. No adjustments were required for 2012 CVAs. This finding is 

consistent with MPAC's 2008 CVA report. 

MPAC's findings also concluded that there was no statistically significant impact on sale prices of 

5 MPAC adopted the IAAO Ratio Study standards for the 2016 assessment update. Therefore, the Target level of Assessment 
(LOA) changed between 2012 and 2016 from 0.95 -1.05 to 0.90-1,10. See International Association of Assessing Officers, 
Standard on Ratio Studies, April 2013, pp. 17~19 
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residential properties in these market areas resulting from proximity to an IWT, when including 

distance to an IWT in its regression analysis for areas with adequate sales. 

In addition to the results shared in this report, MPAC also commissioned an internationally 

recognized expert in the field of mass appraisal and ratio studies to review the report and its 

findings. This expert confirmed MPAC's findings in his report. 

To see the full 2012 base year study click here. 
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Purpose of This Report 

This 2016 base year report has been undertaken to ensure that the assessments on residential 

properties in proximity to IWTs are accurate and equitable. Specifically, the report examines 

whether residential properties in close proximity to IWTs are assessed equitably in relation to 

residential properties located at a greater distance. 
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Legislation 

Sections of the Assessment Act relevant to this study include the following: 

Section 1 (1): "current value" means, in relation to land, the amount of money the fee simple, if 

unencumbered, would realize if sold at arm's length by a willing seller to a willing buyer; 

("valeur actuelle"). 

Section 19 (1): The assessment of land shall be based on its current value. 

Section 44 (3): For 2009 and subsequent taxation years, in determining the value at which any 

land shall be assessed, the Board shall, 

• determine the current value of the land; and 

• have reference to the value at which similar lands in the vicinity are assessed and adjust 

the assessment of the land to make it equitable with that of similar lands in the vicinity 

if such an adjustment would result in a reduction of the assessment of the land. 2008, 

C. 7, Sched. A, s. 13. 

Under the Assessment Act and associated regulations, (Ontario Regulation 282/98, Section 

42.5), IWTs are valued at a prescribed rate per taxation year (Table 1). The value of the IWT, 

plus the value of the associated land, is placed in the industrial tax class. 

Table 1 - !WT Valuation 

Property Tax Year IWT Value Per MW 

2013 and earlier $40,000 

2014 $42,658 

2015 $43,542 

2016 $43,986 

2017 $50,460 

2018 $50,460 

2019 $50,460 

2020 $50,460 
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Valuation of Residential Properties 

To estimate value of residential properties, MPAC applies the direct comparison approach 

through mass appraisals. The direct comparison approach estimates the current value of a 

subject property by comparing it to similar properties and adjusting the result to account for 

differences between the two properties. Mass appraisal uses standardized processes and common 

data to allow for the valuation of a group of properties and the statistical testing of the results. 

For more information on how residential properties are assessed, go to mpac.ca. 

Multiple Regression Analysis 

MPAC uses industry standard computer-assisted mass appraisal techniques to apply the direct 

comparison approach to value through a statistical tool known as multiple regression analysis. 

Regression analysis is a statistical technique used to analyze data in order to predict the value of 

one variable, such as market value, based on known data (e.g., living area, Jot size, quality, 

location, etc.). If only one variable is used, such as living area, the procedure is called simple 

regression analysis. When two or more variables are used in the analysis, the procedure is 

called multiple regression analysis. 

Multiple regression analysis estimates the value of one variable (i.e., the dependent variable) based 

on the information from the available data (i.e., the independent variables). Assessing authorities, 

such as MPAC, develop an equation that estimates current value based on the sale prices and 

property characteristics of sold properties. The equation, or valuation model, provides the best 

estimate of current value in statistical terms since it reduces the overall error between sale price 

and predicted value (estimated current value) to the lowest possible amount in dollar terms. 

Market Areas 

In Ontario, MPAC has approximately 130 residential market areas. Market areas are geographic 

areas subject to the same economic influences. One valuation model is built for each market area. 

A market area could be a section of a large city, like Toronto, a medium sized city like Niagara Falls 

or a cluster of smaller towns. Also, it could be the rural residential properties within a county or a 

group of lakes in a recreational waterfront area such as Muskoka or Kawartha Lakes. 

l(ey Factors Affecting Value 

Approximately 85% of the current value of a property can be attributed to the following five 

property characteristics: location, building area, construction quality, lot size and age of the 

home adjusted for renovations and additions. Other features that may be adjusted for include; 
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water frontage, building amenities (e.g., basement area, basement finish, bathrooms, fireplaces, 

heating, air conditioning), secondary structures (e.g., garages, in-ground pools), site features 

(e.g., abutting green space, abutting a ravine, abutting a commercial property, topography, 

corner lot, traffic pattern). Value influences differ across the province and therefore will not have the 

same impact on every market model. 

Legislated Valuation Date 

All estimates of current value represent market conditions as of January 1, 2016, which is the 

legislated valuation date for the 2017-2020 property tax years. As a result, part of MPAC's 

analysis is to determine the amount of inflation or deflation in each market area and adjust sale 

prices for time in relation to the legislated valuation date. 

Assessment-to-Sale Ratio Study 

Once each valuation model has been developed, it is tested to ensure it is producing accurate and 

uniform estimates of value using a sale ratio study, which compares value estimates to actual sale 

prices. This study ensures that the overall level of assessment for the market area is within 

international standards for accuracy and uniformity. The second aspect of the ratio study is to 

ensure that equity has been achieved across all major property characteristics. 

Application of Valuation Model 

Once the statistical testing has been completed and the valuation model for each market area 

has been deemed appropriate, it is applied to all the applicable properties in the market area 

and qualified valuation staff commence individual value review. The purpose of this exercise is 

to reconcile the value estimates to ensure that an accurate and equitable assessment has been 

placed on each property. These efforts tend to focus on areas with few sales and properties 

with features that cannot be captured within mass appraisal models. This review work 

continues up until the Assessment Roll is provided to each municipality and will include sales 

before and after the valuation date. 
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Industrial Wind Turbines 

2016 Base Year Analysis 

Between 2008 and 2016, Ontario has seen a proliferation of wind turbine projects with 

the introduction of the Green Energy Act in 2009 and the Feed-in-Tariff (FIT) program. This 

has resulted in a large set of available sales data for properties in proximity to these 

projects. 

For the purposes of the 2016 base year study, MPAC has adopted a definition of an IWT to 

be one with a capacity of at least 1.5 megawatts. MPAC analyzed sales located within five 

kilometres of any IWT with this generating capacity. This is consistent with the definition 

currently being used by Health Canada 6 and was used for the 2008 and 2012 MPAC 

studies. 

Data Collection 

To ensure MPAC's inventory of IWTs was as complete as possible, MPAC obtained NAV 

Canada's entire flight obstacle inventory, which included the geographic coordinates of 

every self-reported IWT in Ontario. NAV Canada's inventory is subject to voluntary 

reporting compliance and thus does not include every !WT/flight obstacle. Any IWTs 

identified by NAV Canada that had not yet been field inspected by MPAC, were inspected by 

local staff and all relevant data was keyed into M PA C's database. Any IWTs identified in 

MPAC's database that were not included on NAV Canada's database were either inspected 

by local MPAC staff and the geographic coordinates were collected, or determined through 

the use of satellite digital imagery. To track the inventory, MPAC assigns a structure code of 

567 to represent IWTs. 

To ensure the database inventory was accurate, MPAC staff then conducted quality checks of all 

IWT data, including its generating capacity and geographic coordinates to ensure accuracy (e.g., 

co-ordinates not placing the IWTs on the correct property). Of the 2,321 IWTs in MPAC's 

database after this exercise, 48 were removed for having a capacity below 1.5 MW and two 

were removed for other reasons, leaving 2,271 IWTs for review. The distribution across MPAC's 

market areas is as follows: 

6 http;/ /www. hc-sc.gc.ca / ewh-sem t/ cons u It/_ 2013/wi nd _ tu rb in e-eo! i enne s/ comments _pa rt1 -comm e nta ires _pa rti e 1-
e ng. p h p#a 16 
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Table 2 - Count of IWTs by MPAC Region 

MPAC Region Region Description IWTCount 
Property 
Count 

01-Cornwall 
Prescott & Russell County, Stormont Dundas & 

10 9 
Glengarry County 

05 - Kingston Frontenac County, Lennox & Addington County 91 68 

18-
The Region of Niagara 10 7 

St. Catharines 

20 - Brantford 
Brantford City, Brant, Haldimand and Norfolk 

234 192 
Counties 

22 - Kitchener 
Regional Municipality of Waterloo, Dufferin and 

220 153 
Wellington County, City of Guelph 

23 - London Elgin, Middlesex & Oxford Counties 137 123 

24 - Goderich Huron & Perth Counties 284 217 

25-0wen 
Grey & Bruce Counties 280 222 

Sound 

26-Chatham Chatham-Kent, Lambton County 602 510 

27 -Windsor Windsor/Essex 173 148 

Regional Munlclpallty of Sudbury, Territorial 
30 -Sudbury District of Sudbury, Territorial District of 25 24 

Manitoulin 

31- Sault Ste. 
Territorial District of Algoma 162 46 

Marie 

32-Thunder 
Territorial District of Kenora, Territorial District 

Bay 
of Rainy River, Territorial District of Thu.oder 43 43 
Bay 

Overall 2,271 1,762 
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As some properties had more than one IWT erected on them, the property count does not 

match the count of IWTs. 

Virtually all lWTs are erected on vacant lots or farm properties, with almost 95% located on 

farms and most of the remainder on vacant lots. 

The year of construction of IWTs in the database ranges from 2002 to 2016, with a breakdown 

as follows: 

Table 3 - Typical Physical Characteristics of IWTs Across Ontario 

MPAC 
Median Vear Earliest Vear Latest Vear Median Minimum Maximum 

Region 
of of of Generating Generating Generating 

Construction Construction Construction Capacity Capacity Capacity 

01-
2014 2014 2014 3.00 3.00 3.00 

Cornwall 

05 -
2008 2008 

Kingston 
2014 2.30 1.65 2.30 

18-St. 
2014 2014 2014 1.80 1.80 1.80 

Catharines 

20 -
2013 2007 2014 2.20 1.50 2.30 

Brantford 

22-
2008 2006 2014 1.50 1.50 2.75 

Kitchener 

23 -
2014 2006 2015 1.62 1.50 2.22 

London 

24 -
2015 2006 2016 1.80 1.50 2.30 

Goderich 

25-0wen 
2008 2002 

Sound 
2015 1.80 1.60 2.30 

26-
2012 2008 2015 2.03 1.50 2.50 

Chatham 
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27-
Windsor 

30-
Sudbury 

31-Sault 
Ste. Marie 

32-
Thunder 
Bay 

Overall 

2010 2010 

2014 2004 

2006 2006 

2010 2010 

2012 2002 

2013 2.30 1.65 

2014 2.50 1.80 

2015 1.50 1.50 

2010 2.30 2.30 

2016 1.80 1.50 

The following map shows the locations of the IWTs used in the analysis. 

Figure 1 

Location of IWTs Across Ontario 

,_f, 
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Equity of Residential Assessments in Proximity to Industrial Wind Turbines 

For this study, MPAC analyzed open market sales of improved residential properties from 

January 2012 through October 2016 in the market areas surrounding IWTs. A market area is 

defined as a geographic area, usually contiguous, subject to the same economic influences, 

where properties tend to increase or decrease in value together. Improved residential 

properties would include single detached houses, semi-detached houses, townhouses, and 

multiplex properties with up to six self-contained units. Farms, commercial and industrial 

properties were not included in this analysis. 

Comparison to the 2012 Base Year Study 

This study is similar to the one conducted for the 2012 base year. To provide clarity to readers 

who are familiar with the 2012 study, a summary of similarities and differences is provided 

below. 

Similarities 

The methodology is the same. Both reports contain a sale ratio study which compares the 

median level of assessment between different groups of properties. The details of the sale 

ratio study are provided below. The number of sales in proximity to an IWT has increased due 

to the increase in IWT construction over the past four years (1157 in 2012 vs. 2271 in 2016). 

IWTs with a capacity less than 1.SMW have been removed when measuring distance to an IWT: 

28 were removed in 2012 vs. 48 in 2016 (note one IWT was removed in 2016 that was situated 

on a nuclear power plant property). 

Differences 

For the 2012 study distance from an IWT to a property was measured from the corner of the 

dwelling to the closest IWT. For 2016, distance was measured from the property boundary 

nearest the IWT. It was found to be too time-consuming to collect data from the corner of the 

dwelling as this required a field inspection to obtain the coordinates for the corner of the 

dwelling, and would require field visits as new IWTs are constructed in the future. As mapping 

information becomes more sophisticated, MPAC will look for ways to collect this information 

electronically. 

In 2012, MPAC collected data on how much of an IWT was in view (full, partial or none) for all 

residences within two kilometres of an IWT. This data was not collected for 2016 because it 

didn't impact the assessment in 2012 and this data was too time-consuming to collect. It 
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required a physical inspection and photos taken at each property whenever a new IWT was 

constructed and required significant resources to keep the database up to date. MPAC will 

look to published research and studies and if an efficient method surfaces, we will consider 

implementing it. 

A new measure for the 2016 study is the concentration of IWTs around residential properties. 

This was measured using Geographical Information Systems (GIS) to determine the number of 

IWTs within the distance grouping for each sale (i.e. number of IWTs within one kilometre, two 

kilometres or five kilometres of a sale). This allows MPAC to test if the number of IWTs in 

proximity to a residence affects the level of assessment. 

2016 Base Year Study 

Sales 

For this study, sales in proximity to IWTs were found in 25 market areas. 

Table 4 - MPAC Market Area Descriptions 

Market Area MPAC Region 

01RR010 01- Cornwall 

05RR030 05 - Kingston 

16RR030 16 - Barrie 

18RR010 18 - St. Catharines 

18WF010 18 -St. Catharines 

19RR010 19 - Hamilton 

20RR010 20 - Brantford 

22RR010 22 - Kitchener 

22UR020 22 - Kitchener 

Description 

City of Cornwall and the Counties of Prescott & 
Russell, Stormont, Dundas and Glengarry 

Napa nee, Loyalist Township, Frontenac/Lennox & 
Addington Counties South Rural/Waterfront 

Simcoe West 

Niagara Rural 

Niagara/Lake Erie Waterfront 

Hamilton Rural 

Brant, Haldimand, Norfolk Counties -
Rural/Waterfront 

Dufferin & Wellington Counties - Rural 

Dufferin County Villages 
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22UR030 22 - Kitchener Wellington County Villages 

23RR010 23 -London Elgin, Middlesex & Oxford Counties - Rural 

23UR030 23 -London 
Towns ofTillsonburg, Ingersoll, Woodstock, 
Aylmer, St. Thomas and Strathroy 

24RR010 24 - Goderich Huron & Perth Counties - Rural 

25RR010 25 - Owen Sound Grey & Bruce Counties - Rural and Inland Lakes 

25UR010 25 - Owen Sound Grey & Bruce Counties - Urban 

26RR010 26-Chatham Chatham-Kent - Rural/Wallaceburg 

26RR030 26-Chatham Lambton County- Rural/Waterfront 

26UR010 26-Chatham City of Chatham 

27RR010 27-Windsor Essex County Rural and Towns 

27UR070 27 -Windsor 
Lasalle, Tecumseh, Lakeshore Urban & Essex 
Urban 

30RR010 30 -Sudbury District of Sudbury 

31RR010 31-Sault Ste Marie District of Algoma 

31UR010 31-Sault Ste Marie Sault Ste. Marie/Prince Township 

24 - Goderich 

45WF050 25 - Owen Sound Lake Huron 

26 - Chatham 

16-Barrie 

17 - Bracebridge 
78WF040 Georgian Bay 

25 -Owen Sound 

28 - North Bay 
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Adjustments for being in proximity to IWTs were not included when establishing CV As for the 

2008, 2012 or 2016 base years in any of these market areas. 

Sales Filters 

To account for typical minimum sale amounts, any sale below $10,000 was removed in 

Southwestern or Eastern Ontario, and any sale below $5,000 was removed in Northern Ontario. 

Any sale of a property on which an IWT sits was removed from analysis to avoid the potential 

influence that the income stream associated with such properties may exert. As concerns 

about noise and vibration have been raised by IWT opponents, sales of vacant land were 

removed (i.e. only properties with a residence were included). There were two market areas 

with five or fewer sales and these were excluded from the analysis (Goderich urban area and 

Kingston urban area). Sales that were not open market transactions or suspected to not be 

arms-length open market transactions were removed from the analysis. Finally, those with 

extreme ratios of CVA to sale price as defined by the International Association of Assessing 

Officers (IAAO) Standard on Ratio Studies7 were also removed from analysis. 

Assessment-to-Sale Ratio Study 

To establish the level of assessment and test for equity, MPAC conducts an assessment-to-sale 

ratio study. The assessment-to-sale ratio study is determined for each sold property by dividing 

the assessed value by its sale price or time adjusted sale price. 

International standards state that a group of properties is assessed at current value if the level 

of assessment lies between 0.90 -1.10. The preferred measurement of the level of assessment 

is the median ASR for the group of properties being studied.8 

The level of assessment (LoA) for different categories of properties can be compared against 

one another to ensure that they align and if so, the properties between each group are said 

to be equitably assessed. Groups of properties would be said to be inequitably assessed if 

there was a statistically significant difference between their respective levels of assessment 

(at least 5%). 

Median ASRs and their 95% confidence intervals were calculated for groups of distance variables. 

The median always divides the data into two equal parts and is less affected by extreme ratios 

than other measures of central tendency. Because of these characteristics, the median is 

generally the preferred measure of central tendency and is used to determine LoA in this report. 

7 International Association of Assessing Officers, Standard on Ratio Studies, April 2013, pp. 53~54 
8 International Association of Assessing Officers, Standard on Ratio Studies, April 2013, pp. 13 
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When the calculated median is based on sample data, the result is called a point estimate, 

which is accurate for the sample but is only one indicator of the level of assessment in the 

population. Confidence intervals around the point estimate provide indicators of the reliability 

of the sample statistics as predictors of the overall level of appraisal of the population. Note 

that noncompliance with appraisal level standards cannot be determined without the use of 

confidence intervals or hypothesis tests9. A confidence interval consists of two numbers 

(upper and lower limits) that bracket a calculated measure of central tendency for the sample; 

there is a specified degree of confidence that the calculated upper and lower limits bracket the 

true measure of central tendency for the population. 

MPAC looked at three different data elements in determining if equity exists: 

1. Abutting a property with an IWT 

2. Distance to closest IWT 

3. Number of IWTs within each distance range 

1. Abutting a Property with an /WT 

Table 5 - Abutting an IWT Sale Ratio Study 

Assessment Sales 
Update Year Count 

LoA 
95% 
LCL 

95% Target 
UCL LoA10 

LoA 
within 
Target 
LoA 

2012 32 1.002 0.929 1.121 0.95 -1.05 Yes 

2016 166 0.997 0.970 1.025 0.90-1.10 Yes 

Confidence 
Intervals 
Overlap Target 
LoA 

Yes 

Yes 

Corrective 
Action 
Required 

No 

No 

There are 166 sales of properties that abut an IWT. The level of assessment is 0.997. There is no 

inequity with regard to properties that abut an IWT. 

2. Distance to Closest /WT 

A breakdown of the 110,338 sales used in the analysis, by distance, follows: 

<J International Association of Assessing Officers, Standard on Ratio Studies, April 2013, p. 13 
10 MPAC adopted the IAAO Ratio Study standards for the 2016 assessment update, hence why the Target level of Assessment 
(LOA) changed between 2012 and 2016 
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Table 6 - Distance Grouping by Market Area 

Market Area MPAC Region < 1 km 1-2 km 2-5 km >Skm Total 

OlRROlO 01-Cornwall 9 4 36 11,914 11,963 

05RR030 05 - Kingston 30 13 335 3,748 4,126 

16RR030 16 - Barrie 0 0 6 6,482 6,488 

18RR010 18 - St. Catharines 11 45 95 2,262 2,413 

18WF010 18 - St. Catharines 0 18 31 186 235 

19RR010 19 - Hamilton 0 8 38 1,742 1,788 

20RR010 20 - Brantford 247 351 1,230 6,961 8,789 

22RR010 22 - Kitchener 83 67 217 2,570 2,937 

22UR020 22 - Kitchener 0 0 689 3,149 3,838 

22UR030 22 - Kitchener 0 135 38 3,610 3,783 

23RR010 23-London 13 89 284 7,156 7,542 

23UR030 23 - London 0 0 353 9,567 9,920 

24RR010 24 - Goderich 23 55 268 3,731 4,077 

25RR010 25 - Owen Sound 32 37 250 3,473 3,792 

25UR010 25 - Owen Sound 0 24 279 6,130 6,433 

26RR010 26-Chatham 298 920 1,109 847 3,174 

26RR030 26-Chatham 18 152 557 2,530 3,257 

26UR010 26-Chatham 0 0 559 2,125 2,684 

27RR010 27-Windsor 216 483 1,436 3,915 6,050 
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27UR070 

30RR010 

31RR010 

31UR010 

45WF050 

78WF040 

TOTAL 

27 - Windsor 4 

30 - Sudbury 0 

31- Sault Ste Marie 0 

31 ~ Sault Ste Marie 0 

24 - Goderich 0 
25 - Owen Sound 
26-Chatham 

16- Barrie 
17 - Bracebridge 
25 - Owen Sound 
28 - North Bay 

0 

984 

Refer to Table 1 for market area descriptions. 

265 

4 

7 

12 

2 

0 

2,691 

250 

17 

25 

31 

596 

22 

8,751 

4,762 

1,883 

2,527 

4,180 

1,162 

1,300 

97,912 

5,281 

1,904 

2,559 

4,223 

1,760 

1,322 

110,338 

Comparing the median assessed value to the median time adjusted sale amount by the distance 

categories shows that the figures are very similar. Consider Figure 2 below. To make this 

comparison, one must consider the height of the blue and green bars for each of the distance 

groupings. Similar heights indicate that the median sale price (adjusted to January 1, 2016) and 

the median assessed value are similar. Comparisons between the different distance groupings 

should not be made because this chart does not control for differences in the housing stock of 

each grouping. These differences could be physical (building size or age) or differences due to 

location (e.g., homes further than 5km from an IWT being closer to urban centers). The results 

for all sales are provided in Figure 2. 
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Figure 2 - Comparison of CVA and Time Adjusted Sale Price by Distance Groupings 

$300,000 

$200,000 

$100,000 
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II CVA Reassessment 
II Time Adj. Sale Amoun1 

Appendix B- Current Value Assessment and Sale Amount Bar Charts contains a similar bar chart 

for each market area. 

The following tables compare the 2012 results to the 2016 results. 

2. Distance to Closest /WT All Sales 

2012 Assessment Update 

Table 7 - Distance Grouping Sale Ratio Study 2012 Current Value Assessment 

Confidence 
Distance Sales 95% 95% 

Target LoA 
LoA within Intervals 

Grouping Count 
LoA 

LCL UCL Target LoA Overlap 
Target LoA 

Within 
279 1.034 1.011 1.057 0.95-1.05 Yes Yes 

1 km 

1 km to 
989 0.989 0.979 1.000 0.95-1.05 Yes Yes 

2 km 
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2 km to 
3,063 0.992 0.988 0.997 0.95-1.05 Yes Yes 

5 km 

Outside 
37,093 0.992 0.991 0.993 0.95 -1.05 Yes Yes 

5km 

OVERALL 41,424 0.992 0.991 0.994 0.95-1.05 Yes Yes 

2016 Assessment Update 

Table 8 - Distance Grouping Sale Ratio Study 2016 Current Value Assessment 

Distance 
Grouping 

Within 1 km 

1 km to 
2km 

2 km to 
5km 

Outside 
5km 

OVERALL 

Sales 
Count 

984 

2,691 

8,751 

97,912 

LoA 

1.007 

0.995 

0.977 

0.974 

95% 
LCL 

0.993 

0.989 

0.974 

0.973 

95% 
UCL 

1.019 

1.003 

0.980 

0.974 

Target LoA 

0.90-1.10 

0.90-1.10 

0.90-1.10 

0.90-1.10 

Confidence 
LoA within Intervals 
Target LoA Overlap 

Target LoA 

Yes Yes 

Yes Yes 

Yes Yes 

Yes Yes 

110,338 0.974 0.974 0.975 0;90 -1.10 Yes Yes 

No 

No 

No 

Corrective 
Action 
Required 

No 

No 

No 

No 

No 

The level of appraisal for properties within one kilometre of an IWT has fallen while it has 

increased slightly for properties with IWTs one to two kilometres away. The difference between 

both groups and properties outside five kilometres of an IWT is statistically significant (the 

confidence intervals don't overlap). The difference between sales within one kilometre and 

sales outside five kilometres is 3.3% (the confidence intervals are 1.9% apart). The difference 

between sales one to two kilometres from an IWT and outside five kilometres is 2.1% (the 

confidence intervals are 1.5% apart). Both these differences are well within IAAO standards for 

equity between groups of properties. 

Appendix c- Distance Grouping 2016 Sale Ratio Study by Market Area contains assessment-to

sale ratio data for each Market Area. 
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Distance to Closest /WT - Rural Properties Only 

2012 Assessment Update 

Table 9 - Distance Groupings - Rural Market Sale Ratio Study 2012 Current Value Assessment 

Confidence 
Corrective 

Distance Sales 
LoA 

95% 95% 
Target LoA 

LoAwithin Intervals 
Action 

Grouping Count LCL UCL Target LoA Overlap 
Target LoA 

Required 

Within 
278 1.034 1.011 1.055 0.95-1.05 Yes Yes No 

1km 

1 km to 
715 0.996 0.982 1.008 0.95 -1.05 Yes Yes No 

2km 

2 km to 
2,284 0.999 0.993 1.005 0.95-1.05 Yes Yes No 

5 km 

Outside 
23,135 0.995 0.993 0.997 0.95-1.05 Yes Yes No 

5km 

OVERALL 26,412 0:996 0.994 0.997 0.95-1.05 Yes Yes No 

2016 Assessment Update 

Table 10 - Distance Grouping - Rural Market Sale Ratio Study 2016 Current Value Assessment 

LoA 
Confidence 

Corrective 
Distance Sales LoA 95% 95% Target Intervals 
Grouping Count LCL UCL 

Within 
Overlap 

Action 
LoA Target LoA Required 

Target LoA 

Within 1 km 980 1.007 0.992 1.019 0.90-1.10 Yes Yes No 

1 km to 
2,235 0.999 0.992 1.007 0.90-1.10 Yes Yes No 

2km 

2 km to 
5,903 0.986 0.982 0.990 0.90-1.10 Yes Yes No 

5km 

Outside 
61,741 0.976 0.974 0.977 0.90 -1.10 Yes Yes No 

5km 

OVERALL 70,859 0.977 0.976 0.978 0.90-1.10 Yes Yes No 
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The 2016 results for rural properties are similar to the results using all sales. The statistics are 

virtually unchanged. 

3. Number of IWTs within each Distance Range 

For the 2016 study, MPAC examined how the level of assessment changed when the number of 

IWTs within each grouping changed to determine whether the concentration of IWTs around a 

residence impacts the level of assessment. The results are provided below. 

Table 11 - Number of IWTs within 1 km Sale Ratio Study 2016 Current Value Assessment 

Confidence 
Corrective 

IWT Sales 95% 95% Target LoAwithin Intervals 
LoA Action 

Count Count LCL UCL LoA Target LoA Overlap 

Target LoA 
Required 

1-3 IWTs 900 1.003 0.990 1.016 0.90-1.10 Yes Yes No 

4-6 IWTs 80 1.022 0.990 1.053 0.90 -1.10 Yes Yes No 

7-9 IWTs 4 1,002 0.934 1.034 0.90-1.10 Yes Yes No 

OVERALL 984 1.007 0.993 1.019 0.90-1.10 Yes Yes No 

The level of assessment is fairly consistent within one kilometre of an IWT. For properties with 

four to six IWTs within one kilometre, the ASR is 1.022. There are 80 sales in this grouping. 

a. Number of IWTs within one to two kilometres of a Residence (properties within one 

kilometre of an IWT filtered) 

Table 12 - Number of IWTs within 1 km to 2 km Range Sale Ratio Study 2016 Current Value 

Assessment 

Confidence 
Corrective 

IWTCount 
Sales 

LoA 
95% 95% 

Target LoA 
LoAwithin Intervals 

Action 
Count LCL UCL Target LoA Overlap 

Required 
Target LoA 

1-3 IWTs 2,062 0.997 Q.990 1.005 0.90-1.10 Yes Yes No 

4-6 IWTs 529 0.983 0.968 1.011 0.90-1.10 Yes Yes No 

7-9 IWTs 54 1.020 0.957 1.111 0,90-1.10 Yes Yes No 

10-15 
39 0.971 0.937 

IWTs 
1.057 0.90-1.10 Yes Yes No 
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16-20 
4 0,907 N/All 

IWTs 
N/A 0.90-1.10 Yes Yes No 

21-30 
3 1.172 N/A 

IWTs 
N/A 0.90-1.10 Yes Yes No 

OVERALL 2,691 0.995 0.989 1.003 0.90-1.10 Yes Yes No 

Any properties with IWTs within one kilometer are filtered for this table. There appears to be 

no pattern for properties that have IWTs within one to two kilometres. The median for 

properties with seven to nine IWTs is 1.020 but the lower confident limit is 0.957. There are a 

very small number of observations beyond 15 IWTs which has resulted in median levels of 

assessment diverging from 1.00. There are too few sales to calculate confidence intervals for 

these two groups of turbine counts. 

b. Number of IWTs within two to five kilometres of a Residence (properties within two 

kilometres of an IWT filtered) 

Table 13 - Number of IWTs within 2 km to 5 km Sale Ratio Study 2016 Current Value 

Assessment 

LoA 
Confidence 

Corrective 
Intervals IWT Sales 

LoA 
95% 95% 

Target LoA Within Action 
Count Count LCL UCL Overlap 

Target LoA 
Target LoA 

Required 

1-3 IWTs 3,317 0.976 0.971 0.980 0.90-1.10 Yes Yes No 

4-6 IWTs 2,264 0.975 0.969 0.980 0.90-1.10 Yes Yes No 

7-9 IWTs 997 0.988 0.977 0.998 0.90-1.10 Yes Yes No 

10-15 
1,795 

IWTs 
0.976 0.969 0.983 0.90-1.10 Yes Yes No 

16-20 
204 0.989 0.957 

IWTs 
1.017 0.90-1.10 Yes Yes No 

21-30 
145 

IWTs 
0.992 0.961 1.040 0.90-1.10 Yes Yes No 

11 "When the sample size is five or fewer, the 95 percent confidence interval is nonexistent. When there are six to eight ratios, 
the lower and upper 95 percent confidence limits equal the lowest and highest ratios in the sample, and caution is advised." 
Gloudemans, Robert and Richard Almy, Fundamentals of Mass Appraisal, International Association of Assessing Officers, Kansas 
City, Missouri, 2011, p. 366. 
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31-40 
IWTs 

41+ IWTs 

OVERALL 

13 

16 

8,751 

0.998 

1.034 

0.977 

0.886 

0.982 

0.974 

1.112 

1.103 

0.980 

0.90-1.10 

0.90 -1.10 

0.90-1.10 

Yes Yes 

Yes Yes 

Yes Yes 

No 

No 

No 

Any properties with IWTs within two kilometres are filtered for this table. The median for 

properties with more than 40 IWTs within five kilometres is 1.034 with 16 observations. All the 

lower confidence intervals are below 1.00. 

c. Properties more than five kilometres from an IWT (Control Group) 

Table 14 - Sale Ratio Study for Properties with no IWTs within 5km {Control Group) 2016 

Current Value Assessment 

LoA 
Confidence 

Corrective IWT Target Intervals Sales 
LoA 

95% 95% 
Within Action 

Count LCL UCL Overlap Count LoA Required Target LoA 
Target LoA 

No IWTs 
within 97,912 0.974 0.973 0.974 0.90-1.10 Yes Yes No 
5km 

These are the properties with no IWTs within five kilometres. They are being shown for 

comparison purposes. 

Appendix D -Number of IWTs by Distance Grouping 2016 Sale Ratio Study by Market Area 

contains assessment-to-sale ratio data for each market area. 
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County Results 

The statistics below were run at the county level to determine whether there were any patterns 

across the province. Overall, the results were very consistent with two exceptions: rural areas of 

Huron and Perth Counties and Grey and Bruce Counties. For properties in Huron/Perth within one 

kilometre of one or more IWTs the median sale ratio was low at 0.844. For properties in 

Grey/Bruce within one kilometre of one or more IWTs the median was high at 1.03. This was 

consistent regardless of the number of IWTs in both cases. Given the close geographical proximity 

of these counties, the results seem unusual and will require further review. 

Table 15 - Sale Ratio Study for Properties within 1 km of IWTs - Regions 24 and 25 2016 

Current Value Assessment 

LoA Confidence 
Corrective 

County 
Sales 95% 95% 

Target LoA 
within Intervals 

Action 
Count 

LoA 
LCL UCL Target Overlap 

LoA Target LoA 
Required 

Huron/Perth 23 0.844 0.768 0.949 0.90-1.10 No Yes No 

Grey/ Bruce 32 1.030 0.929 1.081 0.90-1.10 Yes Yes No 
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Figure 3 - Location of Sales Used in the Analysis (Red within 5 km of an IWT, Green outside 5 

km of an IWT) 
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Section 9.2.1 of the International Association of Assessing Officers (IAAO) Standard on Ratio 

Studies states: 

"The level of appraisal of each stratum (class, neighborhood, age group, market areas, and the 
like) should be within 5 percent of the overall level of appraisal of the jurisdiction. For example, if 
the overall level of appraisal of the jurisdiction is 1. 00, but the appraisal level for residential 
property is 0.93 and the appraisal level for commercial property is 1.06, the jurisdiction is not in 
compliance with this requirement. This test should be applied only to strata subject to compliance 
testing. It can be concluded that this standard has been met if 95 percent (two-tailed} confidence 
intervals about the chosen measures of central tendency for each of the strata fall within 5 
percent of the overall level of appraisal calculated for the jurisdiction. Using the above example, if 
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the upper confidence limit for the level of residential property is 0.97 and the lower confidence 

limit for commercial property is 1.01, the two strata are within the acceptable range." 

Sales within one kilometre of an IWT showed a level of appraisal that was higher than the 

median assessment-to-sale ratio of sales further away (median assessment-to-sale ratio of 

1.007). The lower confidence level of sales within one kilometre of an IWT is 0.993. This is well 

within 5% of the overall level of appraisal (0.993 -0.974 = 1.9%). Sales within one to two 

kilometres of an IWT showed a level of appraisal that was also higher than the median 

assessment-to-sale ratio of sales further away (median assessment-to-sale ratio of 0.995). The 

lower confidence level of sales within one to two kilometres of an IWT is 0.989. This is also well 

within 5% of the overall level of appraisal (0.989 -0.974 = 1.5%). So, although sales within two 

kilometres of an IWT do have a level of assessment above the overall level, the difference is not 

great enough to require value adjustment according to IAAO guidelines. These findings are 

illustrated in the following box plot. 

Figure 4 - Assessment-to-Sale Ratio by Distance Grouping 
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The dark line within each box represents the median ASR. The lower and upper ends of the box 

represent the 251h and 75th percentiles, respectively. This box plot illustrates that the median 

assessment-to-sale ratio for sales within one kilometre of an IWT is slightly higher than the other 

groups, but the boxes for all the groups overlap. 

In the IAAO Standard on ratio studies from 201312
, an equity decision-making matrix is provided 

to allow a jurisdiction to determine if equity exists between groups of properties. This matrix 

has been populated for the two scenarios described above. The performance standard range is 

0.90 to 1.10. Note that if the point estimate is outside of the performance standard range but 

the confidence interval does overlap the range, action is not required. 

Table 16 - Decision Making Matrix 

Point Estimate 

Confidence Cl Overlaps in 
Action 

Scenario Point Estimate Interval (Cl) Performance Performance 
Required 

Width Standard Range Standard 
Range 

<1 km to 
1.007 0.993 to 1.019 

IWT 
Yes Yes No 

1 km - 2 km 
0.995 0.989 to 1.003 

to an IWT 
Yes Yes No 

Therefore, based on the results of this analysis, there is no inequity with regards to distance to 

the nearest IWT. 

This finding is consistent with MPAC's 2008 and 2012 studies. 

MPAC's findings are also consistent with a third party review of this study conduct by Robert J. 

Gloudemans. Mr. Gloudemans is an independent internationally-recognized mass appraisal 

consultant. MPAC provided Mr. Gloudemans with a dataset of all sales less than five kilometres 

from the nearest IWT to conduct his analysis. Mr. Gloudemans' report is included as Appendix A 

- Independent Review of Report - Industrial Wind Turbine Ratio Study - R.J. Gloudemans, 

November 22, 2016. 

12 International Association of Assessing Officers, Standard on Ratio Studies, April 2013, p. 35 
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Glossary of Terms 

assessment roll -An annual listing provided to each taxing authority in the Province of Ontario 

containing, among other things, the current value and tax classification of each property within 

the jurisdiction. 

assessment-to-sale ratio (ASR) - The ratio obtained by dividing the assessed value of a property 

by the time-adjusted sale price of a property. 

base year -The year that an estimate of a property's value is based on. 

Current Value Assessment (CVA) - The estimated value of a property based on a specific date. 

direct comparison approach (also known as Sales Comparison Approach)-An approach to 

valuing a property that estimates the current value of a subject property by adjusting the sale 

price of comparable properties for differences between the comparable properties and the 

subject property. 

industrial wind turbine {IWT)-A wind turbine used to generate at least 1.5 MW of electricity. 

geographic coordinates-A set of two numbers that reference the latitude and longitude of a 

point on the Earth. 

market area -A market area is defined as a geographic area, usually contiguous, subject to the 

same economic influences, where properties tend to increase or decrease in value together. 

market model- Geographic areas subject to the same economic influences. 

mass appraisal- The valuation of a group of properties as of a given date using standardized 

processes, employing common data, and allowing for statistical testing. 

median -The median of a group of numbers is the middle number after they have been sorted 

from lowest to highest. If you have an odd number of cases, the median is the middle value. If 

you have an even number of cases, the median is the value midway between the two middle 

values. The median, in comparison to the mean, is less sensitive to extreme values. 

megawatt (MW) -A unit of measure in energy generation or consumption. 

Municipal Property Assessment Corporation (MPAC)-A body responsible for determining the 

correct market value and tax classification for all properties in the Province of Ontario, based on 

current value assessment. 
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regression analysis -A statistical technique used to analyze data in order to predict the value of 

one variable, such as market value, based on known data (e.g., living area, lot size, quality, 

location, etc.). 

For more information about MPAC and how MPAC assesses properties, visit mpac.ca. 
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Executive Summary 

This study assesses of the effect that onshore wind turbines have on nearby property values in 

Rhode Island. The state of Rhode Island established the RIWINDS program in 2006 to promote 

the development of wind energy in the state, with the goal of meeting 15% of the state's 

electrical consumption with wind energy. Yet progress towards that goal has been slow.  Wind 

energy proposals commonly meet with strong opposition despite widespread public support for 

wind energy in the abstract, and a major source of opposition that is commonly articulated is a 

concern that wind turbines may adversely affect property values.  As a consequence, it is 

important to assess the extent to which wind turbines affect transaction prices of nearby 

properties. 

Methodology 

The study estimates the effect of wind towers on property prices using the Hedonic Price 

technique.  The Hedonic method is a statistical approach that uses extensive data on property 

transactions to identify the extent to which transaction prices are affected by various 

characteristics of the properties and their surroundings. Characteristics of the property include 

such factors as the size of the house, size of the lot, number of bedrooms, number of bathrooms, 

among other characteristics of the property.  Neighborhood characteristics might include factors 

such as ocean views, crime rates, nearby industrial developments, among others. The key factor 

for purposes of this study is the effect, if any, that nearby wind turbines have on property prices.  

This study uses data from 48,554 single-family, owner-occupied housing transactions within five 

miles of turbine sites in Rhode Island over the time period from January 2000 to February 2013. 

Of these transactions, 3,254 are for properties that are within one mile of the wind turbine, and it 

is these observations that are critical for estimating the impacts. If wind turbines have an adverse 

impact on property transaction prices, then we should find that transactions for properties that are 

located closer to the wind turbine (e.g., within ½ mile) should sell for systematically lower prices 

than those located further from the wind turbine (e.g., 3 to 5 miles), after controlling for other 

characteristics of the various properties and their surroundings.  
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In addition to distance to the wind tower, we also consider other factors related to the wind 

turbine that could influence effects on property values.  First, one might expect a larger wind 

turbine to have a greater effect on values of nearby properties than would a smaller wind tower, 

all else equal.  Second, some properties may be located near a wind turbine, but potential effects 

might be mitigated because the view and/or the sound from the wind turbine might be blocked, 

in whole or in part, by topography or other obstructions, such as trees or large buildings.  Third, 

one might expect that a wind turbine might have a larger impact on property values in a location 

that is otherwise pristine, as compared to a location that is already highly industrialized prior to 

construction of the wind turbine.  We carry out analyses of these factors by augmenting our 

housing price sales data with information on size of wind towers, GIS data on the land use 

categories in the surroundings and site visits to 1,354 properties located closest to wind turbines. 

We estimate the effects of wind towers considering three periods: transactions that occurred prior 

to any consideration of the wind tower at a particular site, transactions occurring after public 

announcement but before construction begins, and transactions occurring after construction.  We 

employ a difference-in-differences approach, which compares before-and-after price differentials 

for properties near wind turbines with price differentials for other properties in the same time 

period and in the same general area, but that are located further away from a wind turbine. The 

advantage of this approach is it corrects for events in housing markets that have no connection to 

the wind turbine, but that occurred in the same time period.  For example, housing prices might 

be generally be increasing over the time period in question, or prices might be declining, as 

during the crash in housing prices that occurred starting in 2006. These factors are general trends 

that vary over time, but will have the same effect on transactions prices for houses close a wind 

turbine and houses in the same general area but are further from the wind turbine.  As a 

consequence, the difference-in-differences approach corrects for these kinds of unrelated factors 

whose timing may just have happened to coincide with construction of the wind turbine.   

Results and Conclusions 

Across a wide variety of specifications, the results indicate that wind turbines have no 

statistically significant impact on house prices. For houses within a half mile of a turbine, the 

point estimate of price change for properties within ½ mile relative to properties 3-5 miles away 
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is -0.2%. So our best estimate is wind towers have no virtually effect on prices of nearby 

properties.  

But by the very nature of any statistical analysis, exact measures of price changes are not 

constructed.  Rather, statistical analyses are based on “confidence intervals”, where the analyst 

might conclude they are 90% sure that any effect on housing prices would fall within some 

particular range.  Our principle finding is that the best estimate is that there is no price effect, and 

we can say with 90% level of confidence if there is a price effect, it is roughly 5.2% or less.  

Thus, while we cannot conclude for sure that there is no effect on housing prices, there is no 

statistical evidence of a large, adverse effect.   

One challenge in estimating the effects of wind turbines on housing prices is that most wind 

turbines were built within the past few years, and there are relatively few property sales in the 

immediate vicinity of wind turbines (or for that matter, at other specific locations) in such a short 

time period.  We expect that the precision of estimates will increase over time, as more 

transactions occur.  Hence, we recommend that that the analysis be repeated in a few years when 

a more robust data set with additional property transactions become available. 
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1.  Introduction 

Society is highly dependent on high polluting and nonrenewable fossil fuels that 

constitute roughly 80% our energy supplies. There is increasing recognition that we need to 

develop new low polluting renewable energy sources, and wind power is among the most 

promising technologies. As of December 2012, there are over 200,000 wind towers around the 

world with combined nameplate capacity of nearly 300 GW, and wind energy is among the 

fastest growing energy sources (Global Wind Energy Council 2013). 

Public opinion polls commonly find a strong majority of respondents indicating support 

for wind power in general, with up to 90% of respondents voicing support for wind energy (e.g., 

Firestone and Kempton 2007, Mulvaney et al. 2013). Despite the stated preference for wind 

energy in the abstract, proposed wind energy projects frequently meet with fervent opposition by 

the local community. Numerous reasons have been given for opposition to wind turbines, 

ranging from adverse effects on birds, bats and other wildlife, aesthetic effects by compromising 

views, annoyance and potentially even health problems related to noise and shadow flicker, and a 

general industrialization of the landscape. One of the most common concerns voiced by nearby 

residents is the potential impact of wind towers on property values (Hoen et al. 2011).  

Property values are an important issue in and of themselves, but also reflect an 

accumulation of preferences for the suite of impacts caused by turbines. For example, if wind 

turbines created adverse effects due to noise, visual disamenities or other nuisance effects, 

nearby property values would likely reflect these effects. Further, hedonic valuation theory 

(reviewed in Section 2) suggests that property values should decrease enough such that 

homeowners are indifferent between living near a turbine or paying more to live far away. 

Importantly, this disparity in house values can quantify the cost to nearby residents to be used in 

cost-benefit analysis of wind energy expansion. 

This paper examines the effect of wind turbines on property values in Rhode Island. 

While Rhode Island is the smallest state in U.S., it is the second most densely populated. Given 

this and the fact that 12 turbines have been erected at 10 sites in the past seven years, Rhode 

Island offers an excellent setting to examine homeowner preferences for wind turbines because 

there are so many observations on property transactions. We construct a data set of 48,554 

single-family, owner-occupied transactions within five miles of a turbine site over the time range 
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January 2000 to February 2013. Furthermore, 3,254 of these transactions occur within one mile, 

and it is these observations that are critical for understanding the impacts.  

Beyond sample size, Rhode Island is an excellent case study because turbine 

development is plausibly exogenous to changes in house prices, unlike many other settings. In 

Rhode Island, the wind turbines have been sited and built by the state government or private 

parties, often with opposition from nearby homeowners (Faulkner 2013). Thus, the possibility 

that a community collectively decides to build a turbine and such a community may have 

different house price dynamics is not an issue here. In addition, these are not large-scale wind 

farm developments and there is no major wind industry so-to-speak, so there is essentially no 

local economic impact through job creation or lease payments to property owners as is the case 

in Iowa and Texas (Brown et al. 2012, Slattery et al. 2011).1 Thus, Rhode Island sales prices 

should offer an unadulterated reflection of homeowner preferences. 

 Within a hedonic valuation framework, we estimate a difference-in-differences (DD) 

model. In the most basic model, the treatment group is defined by proximity; we create 

concentric rings around turbines and regard the set of houses in each distance band as a separate 

treatment group. We define two distinct treatments. The first is when it is publicly announced 

that a wind turbine will be built at a specific location; this aspect of the model determines if 

homeowner’s expectations of disamenities affects property values. The second is when the 

construction of the turbine is completed and measures if the realized disamenity has an effect on 

property values. 

 Proximity is a crude measure of the potential impacts of a wind turbine, and we took 

several additional steps to model likely impacts. We delve into heterogeneous impacts by the 

size of the turbine and the setting (i.e., industrial or residential area). In addition, we account for 

the fact that other obstructions such as large buildings or trees might mitigate the effects of a 

nearby wind tower on particular properties.  To do so we physically visited 1,354 properties that 

transacted after construction that are within two miles of a turbine to assess the extent of view of 

the turbine.2  

1 Two exceptions exist. The owner of the North Kingstown Green Turbine pays $150/year to the dozen or so 
residents in the same development as the turbine and the Tiverton turbine offsets electricity expenditure to residents 
of the Sandy Woods Farm community. Only a single transaction in our data set occurred after turbine construction 
for these houses affected by payments, thus we feel confident that our results are unaffected by payments. 
2 In the appendix, we also examine the property value impacts of shadow flicker, though there are very few 
observations affected.  
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 Across a wide variety of specifications, the results indicate that wind turbines have no 

negative statistical impacts on house prices, in either the post public announcement phase or post 

construction phase. For houses within a half mile of a turbine, the point estimate of price change 

relative to houses 3-5 miles away is -0.4%. While the standard error of the point estimate is not 

small (3.8%), we can rule out negative impacts greater than 5.2% with 90% confidence. The DD 

models indicate that turbines are built in less desirable areas to begin with, which is consistent 

with intuition because several turbines are built near highways or industrial areas. However, even 

when we isolate residential areas where turbines are likely to contrast most with surroundings, 

our results still indicate no statistically significant negative price impacts. Further, our results 

suggest no statistically significant negative impacts to houses with unfettered views of a turbine. 

A repeat sales model corroborates these results.  

The literature examining the impacts of wind turbines on property values is still in its 

infancy. There are several studies that suffer from small sample sizes or unsound econometric 

modeling. Sims and Dent (2007) used only post construction observations, and Sims et al. (2008) 

only had 199 observations – all within a half mile of a single wind farm. Neither of these studies 

use the DD framework, which is essential for controlling for confounding factors, either that 

exist prior to wind energy development or that affect all houses regardless of turbine 

construction. This is most evident for Sims and Dent (2007), who show an aerial picture of one 

of their study wind farms, and between it and the housing development is an already existent, 

enormous, open pit quarry, which surely could have affected housing prices prior to the wind 

farm. More recently, Sunak and Madlener (2012) collect 1,202 observed transactions, both 

before and after construction, but the model they estimate constrains the effect of construction to 

be constant across distance and the effect of distance to be constant across time.  

Fortunately, better studies have been carried out recently. Heintzelman and Tuttle (2012) 

examine impacts of wind farms in three counties of Upstate New York using over 11,000 

transactions and a specification that treats distance as a single continuous variable. They do find 

some significant price effects from proximity, though they are not consistent across counties. 

Their results imply that a newly built wind farm within a half mile of a property can decrease 

value by 8-35%. It is important to note, however, that the average distance to a turbine of a 

transaction in their data is over 10 miles, and they interpolate effects to close proximity. The 

strongest research to date is a recent report from Hoen et al. (2013), which updates Hoen et al. 
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(2011). They collect over 50,000 transactions within 10 miles of wind farms spanning 27 

counties in nine states. They utilize a DD methodology similar to ours with distance bands 

around the wind farms and both a post announcement and post construction treatment. Similar to 

our results, Hoen et al. (2013) find no statistical effect of wind turbines on property values. It is 

important to note that both the Hoen et al. (2013) and Heintzelman and Tuttle (2012) results are 

for large scale wind farms with as many as 194 turbines, as distinct from our study that examines 

the case of individual wind turbines. 

 This paper contributes to the understanding of property value impacts of turbines by 

providing an econometrically sound analysis with far more observations than all but one existing 

analysis. Further, we go beyond proximity and offer the most thorough to-date analysis of how 

impacts may be heterogeneous due to viewshed of a property and size and setting of a turbine. 

Lastly, because we are working in a single state, we have been able to take part in multiple 

stakeholder meetings related to wind energy development and gain an understanding of the local 

perceptions, sentiments, and institutions, which have all informed our analysis. For instance, 

homeowners feel certain turbines are more odious than others, which suggested we should look 

for heterogeneous property value effects. 

 

2. Methodology 

In the absence of explicit markets, there are generally two approaches that economists use 

to determine the value of environmental amenities and disamenities: revealed and stated 

preference methods (e.g., Freeman et al, 2003). Revealed preference methods use actual choices 

made by people to infer the value they place on an amenity. Stated preference methods infer 

values using responses of what individuals would do in a given situation, such as what is the 

most the individual would pay to participate in an activity rather than go without. 

The Hedonic Price Method (HPM) is among the most popular revealed preference 

methods for determining values of non-market environmental amenities. The Hedonic method is 

based on the concept that many market commodities are comprised of several bundled attributes, 

and the market prices are determined by their attributes. Applied to residential properties, the 

price of a property is affected by attributes such as the size of the house, the size of the lot, the 

number of bathrooms, bedrooms, etc.; the neighborhood attributes such as the condition of 

nearby homes, the crime rate, quality of schools, etc.; and environmental attributes such as air 
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quality, adjacent open space, ocean views, etc. The basic idea is that houses with desirable 

attributes (e.g., an ocean view) will be bid up by potential buyers, and the extent to which prices 

are bid up depends upon how much buyers value the attribute. If one can estimate the price 

premium associated with an attribute, one can gain insights into the extent to which potential 

buyers value an environmental amenity. HPM models have been applied to estimate implicit 

values associated with a wide range of amenities and disamenities: airport noise (Pope 2008), 

crime (Bishop and Murphy 2011), power plants (Lucas 2011), air quality (Bento et al. 2013), and 

school quality (Cellini et al. 2010).  

 This paper applies HPM to the impacts of wind turbines on property values. Within the 

HPM framework, we estimated a DD model. DD models typically compare treated units to 

untreated units, both before and after treatment has occurred. There are two modifications to the 

basic framework for our application. First, treatment is defined by distance and is thus 

continuous. In order to avoid parametric assumptions, we group houses into D discrete bands of 

concentric circles surrounding the location of a turbine. The furthest distance band is chosen 

such that no effect of the wind turbine is expected and serves as the control group. Second, 

instead of two time periods, we have three: 1) pre-announcement (PA), in which no one knows 

that a wind turbine will be built nearby, 2) post-announcement pre-construction (PAPC), which 

is after the public has been made aware that a turbine will be built, but prior to the construction, 

and 3) post construction (PC). PA is the before treatment time period, and we allow the two 

treatment periods, PAPC and PC, to have differential impacts on property values, the first based 

on expectations and the second based on the realized (dis)amenity. The specification is:  

ln(𝑝𝑖) = �𝛼𝑘

𝐷

𝑘=2

𝑑𝑖𝑠𝑡𝑘𝑖 + 𝛽1𝑃𝐴𝑃𝐶𝑖 + 𝛽2𝑃𝐶𝑖 

             +�𝛾1𝑘𝑑𝑖𝑠𝑡𝑘𝑖𝑃𝐴𝑃𝐶𝑖

𝐷

𝑘=2

+ �𝛾2𝑘𝑑𝑖𝑠𝑡𝑘𝑖𝑃𝐶𝑖

𝐷

𝑘=2

 

             +𝑋𝑖′𝛿 + 𝜀𝑖                                                                                                                     (1) 

where 𝑝𝑖 is the sales price of transaction i, 𝑑𝑖𝑠𝑡𝑘𝑖 is a dummy variable equal to one if transaction 

i is within the kth distance band, and 𝑃𝐴𝑃𝐶𝑖 and 𝑃𝐶𝑖 are dummy variables equal to one if 

transaction i occurs PAPC or PC, respectively. 𝑋𝑖 is a set of housing, location, and temporal 
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controls. 𝑋𝑖 also includes a constant to capture the omitted group of the 1st distance band in time 

period PA. Finally, 𝜀𝑖 is the error term.  

 The coefficients are interpreted as follows. 𝛼𝑘 measures the PA (i.e., pre-treatment) 

difference in housing prices for distance band k relative to distance ring 1. 𝛽1 and 𝛽2 measure the 

change in housing prices for distance band 1 (the control group) in the PAPC and PC time 

periods, respectively. 𝛾1𝑘 and 𝛾2𝑘 are the coefficients of interest and measure, for PAPC and PC, 

respectively, the differential change in property values from the pre-announcement time period 

for distance band k relative to the change in property values of distance band 1. 

 The timing of our data, 2000-2013, corresponds to the housing boom and bust. Further, as 

detailed in the next section, the PAPC and PC periods almost always occur during bust years. 

Relative to a simple before-after estimate of the impacts of wind turbines on property values 

using only houses in close proximity, the DD model goes a long way to mitigate spurious 

correlation creeping into the treatment effect coefficients. To further guard against spurious 

correlation, we follow the advice of Boyle et al. (2012) and include city by year-quarter fixed 

effects and an interaction of lot size and its square with city fixed effects and year fixed effects. 

The city by year-quarter fixed effects flexibly controls for the boom and bust in prices for each 

city separately. The lot size interactions not only allow the value of land to be different in each 

city, but allow the value to evolve over time with the boom and bust. For more standard reasons, 

we also include census tract fixed effects and we interact distance from the coast with city. Tract 

fixed effects capture time invariant locational heterogeneity.3 Interactions of coast and city allow 

the value of coastal living to change in different parts of Rhode Island. As with other DD 

estimators, identification of the treatment effects relies on the assumption that house prices 

would have changed identically across distance bands in the absence of turbines being built. See 

Figure A1 in the appendix for suggestive evidence that this assumption is reasonable. 

3 In the spirit of Abbott and Klaiber (2010), one may be concerned that the tract fixed effects and city by year-
quarter fixed effects will capture all relevant variation needed for the identification of wind turbines on property 
values. The spatial scale of influence could reasonably be at the tract level, however, because the tract fixed effects 
do not vary over time, within tract temporal variation will identify the effect of turbines if there is one. Our intuition 
is that effects of turbines are much smaller than the scale of a city. Thus, even with the inclusion of city by year-
quarter fixed effects will, there will still be within-city variation to identify property value impacts. Further, the five 
mile radius around each turbine includes 4.1 cities, on average. 
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Within the framework of Equation (1), we additionally estimate models that examine 

impacts that vary due to type of turbine, turbine surroundings, and viewshed (and shadow flicker, 

in the appendix).  

Finally, we analyze property value impacts of turbines in a repeat sales model. There are 

many idiosyncratic features of a property that are unobserved by the researcher, and these may 

lead to omitted variables bias. A repeat sales model that includes property level fixed effects will 

account for all unobserved property attributes as long as they are time invariant. We estimate the 

following model:  

ln(𝑝𝑖𝑡) = 𝛼𝑖 + 𝛽1𝑃𝐴𝑃𝐶𝑖𝑡 + 𝛽2𝑃𝐶𝑖𝑡 

             +�𝛾1𝑘𝑑𝑖𝑠𝑡𝑘𝑖𝑃𝐴𝑃𝐶𝑖𝑡

𝐷

𝑘=2

+ �𝛾2𝑘𝑑𝑖𝑠𝑡𝑘𝑖𝑃𝐶𝑖𝑡

𝐷

𝑘=2

 

             +𝑋𝑖𝑡′ 𝛿 + 𝜀𝑖𝑡                                                                                                                    (2) 

where 𝑝𝑖𝑡 is the sales price of unit i at time t, and 𝛼𝑖 is a unit-level fixed effect. 𝑑𝑖𝑠𝑡𝑘𝑖, 𝑃𝐴𝑃𝐶𝑖𝑡 

and 𝑃𝐶𝑖𝑡 are as defined in Equation (1). Due to their time-invariant nature, property 

characteristics drop out of 𝑋𝑖𝑡. However, we still can include lot size and its square interacted 

with year fixed effects to allow for changes in the value of land through the boom and bust. 𝑋𝑖𝑡 

also includes city by year-quarter fixed effects. Identification of 𝛾1𝑘 and 𝛾2𝑘 (the coefficients of 

interest) comes from properties that transact in more than one of the three periods (PA, PAPC, 

PC). 

 

3. Data  

3.1 Wind turbines 

 Table 1 provides information on the 10 sites in Rhode Island that currently have turbines 

of 100 kW or above. All of these are single turbine sites, with the exception of Providence 

Narragansett Bay Commission, which has three. There is a wide range in the nameplate 

generation capacity; four turbines are 100 kW, one at 250 kW, one at 275 kW, one at 660 kW, 

and five at 1.5 mW. Table 1 also lists the date of public announcement that the wind turbine will 

be built and the date that construction was complete. The date of public announcement is marked 

by either an abutter notice or a public forum. The first turbine was built in 2006 and the second 

not until 2009; the remainder were built in 2011 and 2012. Time period PA is defined as before 

the announcement date, PAPC defined as between the announcement date and construction 
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completed date, and PC is defined as after the construction completed date.4 The last column of 

Table 1 describes the location and surroundings of each turbine. Of note is that several are in 

primarily residential areas. Others are in mixed use areas with either industrial or commercial 

activity, and sometimes coupled with an existing disamenity such as proximity to a highway or 

water treatment plant. Figure 1 shows the location of the turbine sites around the state. 

One threat to identification could be that turbines are sited in neighborhoods that are 

strongly in favor of wind energy and that the treatment effect on the treated is substantially 

different than the average treatment effect (or what the price effect would be if the turbines were 

randomly placed). With the exception of Tiverton Sandywoods Farm, the turbines have been 

sited by private or government parties with little to no backing from surrounding neighbors. In 

fact, several turbines have been sited and erected despite substantial community protest. Given 

this history, we are not concerned about endogenous placement of turbines threatening 

identification. 

3.2 Housing data 

Our housing data include nearly all Rhode Island transactions between January 2000 and 

February 2013. Figure 1 displays the location of all transactions in our data in relation to the 

turbines. The data offer information on sales price, date of transaction, street address, living 

square feet, lot size, year of construction, number of bedrooms, bathrooms and half bathrooms, 

and whether or not the unit has a pool, fireplace, air conditioning or view of the water. To get 

latitude and longitude, we geocoded all addresses to coordinates using the Rhode Island GIS E-

911 geolocater.5 Using GIS, we calculated the Euclidian distance to the nearest turbine, as well 

as the distance to the coast. We limit the sample to arm’s length transactions of single family 

homes within 5 miles of an eventual wind turbine site and with a sales price of at least $10,000. 

This yields 66,487 observations. From that, we drop 385 observations for incomplete data.  

One downside to the housing data is that characteristics of the house (bedrooms, 

bathrooms, square feet, etc.) come from assessor’s data and only reflect the current 

4 Several turbines in our sample were built quite recently, which makes the length of the PC period relatively short 
in our sample. This could cause problems for estimating true treatment effects if prices are slow to respond to 
changes in amenities. However, Lang (2013a) examines the dynamic path that house prices take responding to 
changes in air quality (an amenity more difficult to observe), and finds that owner-occupied house prices capitalize 
changes immediately.  
5 Available at http://www.edc.uri.edu/rigis/. 
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characteristics of the house. If a house was remodeled or a property was split into two or more 

properties, the data do not capture the characteristics of the property or house before the change. 

One concern is that “flipped” properties could bias our estimates. To deal with this potential 

problem, we search the data for properties with multiple sales occurring less than six months 

apart and drop any sale that occurred prior to the last sale in the set of rapid sales. For example, if 

we observe a property transact 1/1/2000, 1/1/2005, 2/1/2005, and 1/1/2010, we would drop the 

1/1/2000 and 1/1/2005 transactions because the characteristics of the property may be 

dramatically different for those transactions than what is current. This drops 26.5% of 

observations, leaving us with a sample of 48,554.  

 We define five distance bands surrounding turbines needed to estimate Equation (1): 0-

0.5 miles, 0.5-1 miles, 1-2 miles, 2-3 miles, and 3-5 miles. Table 2 presents the distribution of 

transactions across the bands for the three time periods. For identifying the effect of proximity on 

prices, we need a substantial number of observations in close range. There are 584 transactions 

within half a mile, with 75 occurring PAPC and 74 occurring PC, which should be sufficient for 

identifying an effect if it is there. This table makes clear the benefits of examining wind turbine 

valuation in a population dense state. In addition, Table 2 gives the proportion of transactions 

occurring in each distance band for each time period, which can give a sense of whether 

transaction volume is substantially different for nearby distance intervals in either PAPC or PC. 

The proportions appear roughly constant across time suggesting neither announcement nor 

construction affects transaction volume.   

Table 3 presents summary statistics for our sample properties. Prices are adjusted for 

inflation and brought to February 2013 levels using the monthly CPI. The average price in our 

sample is $305,800. The average lot size is 0.34 acres and the average living area is 1559 square 

feet. The average distance from the coast is only 1.59 miles (Rhode Island deserves its nickname 

“The Ocean State”!). Additionally, Table 3 compares houses in the 0-1 mile band to the 3-5 mile 

band PA to examine differences between the treatment and control group prior to treatment. The 

last column gives the difference in means divided by the combined standard deviation, which is 

the best statistic for assessing covariate balance (Imbens and Wooldridge 2009).6 Sales price 

seems well balanced, as do most of the covariates with the exception of Fireplace and Distance 

6 The problem with the frequently used t-statistic is that, as sample size grows, equivalent means can be rejected 
even when a covariate is well balanced.  
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from the coast, both of which exceed 0.25, which is considered to be a limit for covariate 

balance. If the implicit values of these characteristics are different across space or change over 

time, then the differences in means could be a threat to identification. However, comparing the 0-

1 mile band to the 2-3 mile band (not shown), Distance to the coast has much better overlap, and 

both variables have strong overlap comparing the 0-1 mile band to the 1-2 mile band. Thus, the 

treated units have common support with the spectrum of control units. Further, as explained in 

Section 2 (following the advice of Boyle et al. 2012), to guard against changing implicit prices 

affecting the estimated valuation of turbines, we allow the implicit value of lot size and distance 

from the coast to vary between cities and for lot size to vary over time too.  

 

3.3 Viewshed 

 Equation (1) examines how house prices change with proximity to a turbine, but 

proximity is a crude measure for some of the impacts of living near a turbine. One source of 

heterogeneity in impacts by proximity could come from whether or not residents can actually see 

the turbine from their property. Unfortunately, we are unable to capture this variation with GIS 

due to the presence of obstructions such as trees and buildings that might mitigate the impacts of 

a nearby wind turbine. To overcome this limitation, we completed site visits to all 1,354 

properties that transacted PC and are within two miles of a turbine. Based on what we could see 

from the street in front of a given house, plus a bit of walking in both directions (to account for 

the possibility that a turbine may only be visible from certain parts of the house or backyard), the 

view was rated into one of five categories based on the percentage of the blade spinning diameter 

visible: no view (0%), minor (1-30%), moderate (31-60%), high (61-90%), extreme (91-100%). 

While the classification was subjective, a single person did all of the ratings and went to great 

length to be consistent.  

 The results of the site visits confirmed substantial heterogeneity in views. Despite Rhode 

Island’s minimal topography, only 0.4% of properties in the 1-2 mile band had any view of the 

turbine (see Table A1 in the Appendix). Within half a mile, 24.3% have a full view, 13.5% have 

a partial view, and 63.2% have no view. Figure 2 illustrates the heterogeneity in viewshed for PC 

transactions surrounding the Portsmouth High School turbine. While viewshed and proximity are 

certainly correlated, it is far from a perfect correlation and there are several instances of 

properties with similar location and dramatically different views.  
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4. Results 

 Table 4 presents the main DD results on the full sample of transactions. There are three 

columns that represent three different models that each add additional variables described at the 

bottom of the table. All three models include housing characteristic controls, detailed further in 

the notes of the table, and tract fixed effects. The first set of coefficients, corresponding to the 𝛼𝑘 

in Equation (1), measure the difference in housing values among the various distance bands 

relative to the 3-5 mile band. All models suggest that there is a negative premium for living near 

the eventual site of a wind turbine, prior to an announcement that a wind a turbine will be built. 

For instance, Model 1 indicates that houses located within half a mile of a future turbine site are 

worth 9.0% less than those houses 3-5 miles away from the future site. This finding implies that 

turbines are being sited in areas that have lower house prices conditional on property and 

locational characteristics. This makes sense since several of the turbines are located in less 

desirable areas, i.e., near the highway or on the grounds of a wastewater treatment facility. The 

second set of coefficients, which correspond to 𝛽1 and 𝛽2 in Equation (1), measure the change in 

housing prices for the 3-5 mile distance band in the PAPC and PC time periods, respectively. 

Across all models, the results suggest that these time periods are associated with lower sales 

prices relative to PA (due to the crash of the housing market), though given the inclusion of city 

by year-quarter fixed effects the magnitudes of 𝛽1 and 𝛽2 do not fully reflect the large drop in 

house prices during those periods. Taken together, the distance and timeline results indicate that 

a purely cross-sectional or before-after research design would both provide negatively biased 

estimates of the effect of wind turbines on property values. The DD approach we apply controls 

for these potential problems. 

 The third set of coefficients in Table 4 are the DD estimates, corresponding to 𝛾1𝑘 and 

𝛾2𝑘 in Equation (1), which are the estimated treatment effects of PAPC and PC for the various 

distance bands. The coefficients for the 2-3 mile band are small in magnitude and statistically 

insignificant. Intuition suggests that 2-3 miles away from a turbine is probably too far for an 

impact to occur, so observing that these prices closely track those 3-5 miles away gives 

confidence in the assumption of common trends needed for the DD research design. Moving into 

closer distance bands, no coefficients are statistically significant and all are small in magnitude. 

For all models, the Akaike Information Criterion (AIC) is calculated and Model 3 minimizes this 
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statistic, which is the objective, and so we deem Model 3 to be our preferred specification. The 

point estimates of the treatment effects for this model suggest that for houses within half a mile 

of a turbine, values decreased 0.4% PAPC and decreased 0.4% PC. The standard error on the PC 

estimate is 3.8%, which implies a one-sided hypothesis can rule out decreases in prices more 

than 5.1% with 90% confidence. While a smaller confidence band would be ideal, we can rule 

out large negative impacts, such as -10% or more, that are routinely hypothesized by opponents 

of wind development. Results are qualitatively similar using distance bands with increment in 

thirds of a mile within 1 mile, but standard errors double, which leads to a larger range of 

possible impacts. 

 

4.1 Repeat sales analysis 

Table 5 presents results from a repeat sales analysis. Only properties that transact more 

than once are included in the sample, which decreases the sample by over half. The first column 

includes city by year-quarter fixed effects (akin to Column 1 in Table 4), and the second column 

additionally includes lot size-year interactions (akin to Column 3 in Table 4). Model 2 minimizes 

AIC, but both are presented for completeness and robustness. 

Like Table 4, the results suggest that there is no significant difference in price changes 

between the 2-3 mile band and the 3-5 mile (control) band. In the 0.5-1 mile band, both columns 

suggest that house prices decreased PAPC, by 5.7% (statistically significant at the 5% level) in 

Model 2. The point estimates indicate larger impacts PC (-8.1% for Model 2), but are statistically 

insignificant. In contrast, the 0-0.5 mile band shows statistically insignificant price increases 

PAPC (8.1% for Model 2). The PC results for the 0-0.5 mile band are nearly identical to Table 4, 

indicating a 0.0% change in prices with a standard error of 3.7%.  

It is difficult to draw conclusions from the results. On the one hand, the 0.5-1 mile band 

results indicate that turbines could have a negative and large impact on property values. On the 

other hand, the 0-0.5 mile band results, where the impacts should be strongest, are incongruent 

with the 0.5-1 mile results. It will be beneficial to update this analysis in two or so years with 

more PC transactions.  
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4.2 Heterogeneity by type of turbine and setting 

 As explained with Table 1, there is substantial heterogeneity among the Rhode Island 

turbines in terms of size and placement. The turbines range in size from 100 kW to 1.5 mW, and 

some are located near highways or industrial areas. The estimates presented thus far group all 

turbines together, but it is possible the price effects are different based on size and surroundings. 

Intuition suggests that price impacts would be more pronounced for larger turbines and turbines 

in primarily residential areas where other disamenities do not already exist.  

 Table 6 presents DD estimates, returning to Equation (1), for subsets of the data based on 

turbine characteristics. Columns 1 and 2 use only turbines with a capacity of 660 kW or more – 

these would be considered the industrial sized turbines. Columns 3 and 4 use only turbines in 

primarily residential areas. Similar to the repeat sales analysis, the large turbine analysis presents 

mixed evidence of price impacts. The results suggest negative price impacts of 3.6% PC in the 1-

2 mile band and positive impacts of 8.4% PAPC in the 0-0.5 mile band. The point estimates for 

PC in the 0-0.5 mile band are 4.3%, but insignificant. For the primarily residential locations 

analysis, all coefficients are statistically insignificant. 

 

4.3 Viewshed 

 Beyond the size and location of a turbine, another source of heterogeneity is whether or 

not a house can actually see the turbine, and to what extent. This source of heterogeneity can 

occur within a group of houses matched to a single turbine, in contrast to the heterogeneity 

explored in Table 6, which occurs between turbines. Table 7 presents the results of three models 

exploring the impact of viewshed on prices. Models 1 and 2 match Columns 2 and 3 of Table 4, 

except additionally include indicator variables for each of the categories of view. Model 3 omits 

the DD variables from the model, to check if multicollinearity between viewshed and proximity 

affects coefficients on the viewshed variables. Across the three models, the results suggest that 

view of the turbine has no statistical impact on property values. Further, the point estimates have 

a non-monotonic relationship with the extent of view and range from -5.2% to 7.9%. 

 

5. Conclusion 

 This paper offers an econometrically sound analysis of the effect of wind turbines on 

property values in Rhode Island. With a sample of 48,554 transactions, we estimate a suite of 
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DD models that examine property impacts due to proximity, viewshed, and type and location of 

turbine. Because our sample time period includes the housing boom and bust, we control for 

city-level price fluctuations and allow the implicit value of housing characteristics to vary by 

year and city, following the advice of Boyle et al. (2012). Broadly, the results suggest that there 

is no statistical evidence for negative property value impacts of wind turbines. Both the whole 

sample analysis and the repeat sales analysis indicate that houses within half a mile had 

essentially no price change PC. These results are consistent with Hoen et al. (2013), who 

examine impacts of large wind farms in nine states. However, the results are not unequivocal. 

First, some models do suggest negative impacts; however, these are often incongruent with other 

coefficient estimates in the same model. Second, many important coefficient estimates have large 

standard errors. As time goes on and there are more PC transactions observed, we hope to update 

this analysis and improve accuracy and consistency of the estimates. 

In the past (and likely going forward), proposed wind energy projects have been fervently 

opposed by homeowners surrounding the turbine site. There are several possible reasons why 

these stated preferences may be different than preferences revealed through housing market 

choices, such as we found in this analysis. First, stated preference is completely in the abstract 

and losses and gains are never realized. Hence, people may behave strategically to try and 

influence outcomes even if they are not willing to pay for it. Lang (2013b) finds a similar 

inconsistency with stated beliefs about climate change and what internet search records reveal 

about people’s interests. Second, wind energy is still relatively new in the United States, 

especially farms and individual turbines that are in close proximity to residential development. It 

could be that local opposition is driven by fear of the unknown, but that once reality sets in (i.e., 

the turbines are built) people care much less. Third, there could be a process of preference-based 

sorting occurring in the housing market in which people who dislike the turbines move away and 

those that are indifferent or even enjoy the turbines move near.7 Importantly, these location shifts 

of certain homeowners may not affect housing prices if there are enough potential buyers who 

are indifferent or prefer to live near turbines.  

 
 
 

7 See, for example, Banzhaf and Walsh (2008), who examine preference-based sorting in response to toxic emissions 
from factories. One anecdote in support of this idea is that we talked with one recent home buyer, an engineer, who 
enjoyed watching a nearby turbine spin. 
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Figure 1: Spatial distribution of sales and turbines 
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Figure 2: Proximity bands, viewshed, and shadow flicker, for post construction transactions around  
Portsmouth High School wind turbine 
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Table 1: Wind turbine characteristics for Rhode Island sample 

Name 
Abbreviation      
(match with 

Figure 1) 

Nameplate 
capacity Announcement Construction 

completed Comments 

Portsmouth Abbey PAB 660 kW 12/15/2004* 3/27/2006 On grounds of a school/monastery; primarily 
residential surroundings 

Portsmouth High School PHS 1.5 mW 4/15/2006* 3/1/2009 On grounds of a public school; primarily 
residential surroundings 

Tiverton Sandywoods Farm TVT 275 kW 7/18/2006 3/23/2012 On grounds of communal residential 
development; primarily residential 
surroundings 

Providence Narragansett Bay 
Commission (3 identical turbines) 

PVD 1.5 mW each 9/26/2007 1/23/2012 On grounds of water treatment facility; mixed 
industrial/residential surroundings 

Warwick New England Tech NET 100 kW 10/9/2008 8/6/2009 On grounds of technical college, next to 
highway 

Middletown Aquidneck Corporate 
Park 

MDT 100 kW 4/13/2009 10/9/2009 Mixed residential/commercial surroundings 

Narragansett Fishermen's 
Memorial State Park 

NRG 100 kW 7/7/2009 9/19/2011 On grounds of state campground; primarily 
residential surroundings 

Portsmouth Hodges Badge PHB 250 kW 5/14/2009 1/4/2012 Mixed residential/commercial/agricultural 
surroundings 

Warwick Shalom Housing SHA 100 kW 8/6/2009 2/2/2011 On grounds of apartment complex, next to 
highway 

North Kingstown Green NKG 1.5 mW 9/15/2009 10/18/2012 Primarily residential surroundings 

Notes: Dates of announcement and construction completed were gathered from personal requests for information and newspaper/online sources. Dates marked 
with * are approximate, sources could only identify a month and year that the announcement was made, and we chose to use the midpoint of the month. 
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Table 2: Transaction counts and proportions by distance and time period 

Distance 
Interval 
(miles) 

PA PAPC PC TOTAL 

0 - 0.5 435 75 74 584 

 

1.2% 1.0% 1.4% 1.2% 

0.5 - 1 1979 353 338 2670 

 

5.5% 4.9% 6.4% 5.5% 

1 - 2 6120 1180 942 8242 

 

17.0% 16.3% 17.8% 17.0% 

2 - 3 10116 1877 1599 13592 

 

28.1% 25.9% 30.3% 28.0% 

3 - 5 17375 3765 2326 23466 

 

48.2% 51.9% 44.1% 48.3% 

TOTAL 36025 7250 5279 48554 

 
100% 100% 100% 100% 

Notes: 'PA' stands for pre-announcement, 'PAPC' for post-announcement/pre-construction, 
and 'PC' for post-construction. The percentages are the proportion of all transactions for a 
given time period occurring in that distance band. 
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Table 3: Housing summary statistics 

Variable Full 
Sample 

 
Pre-announcement 

 

0 - 1 
miles 

3 - 5 
miles Difference/std. dev. 

Price (000s) 305.8 
 

330.8 323.4 0.03 
Lot size (acres) 0.34 

 
0.35 0.41 -0.06 

Living area (square feet) 1559 
 

1567 1600 -0.04 
Bedrooms 3.03 

 
3.07 3.03 0.06 

Full bathrooms 1.49 
 

1.55 1.51 0.06 
Half bathrooms 0.45 

 
0.44 0.46 -0.03 

Fireplace (1=yes) 0.31 
 

0.13 0.38 -0.44 
Pool (1=yes) 0.04 

 
0.03 0.05 -0.09 

Air Conditioning (1=yes) 0.30 
 

0.25 0.31 -0.15 
Distance from coast (miles) 1.59 

 
1.15 1.94 -0.49 

Age at time of sale (years) 52.5 
 

46.0 47.3 -0.04 

      Observations 48554   17375 2414   
Notes: Housing prices are brought to February 2013 levels using the monthly CPI. The final column equals the 
difference in means between the 0-1 mile set and the 3-5 mile set divided by their combined standard deviation. 
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Table 4: Difference-in-differences estimates of the impact of wind turbine proximity on housing prices 

Variables (1) (2) (3) 
Distance (relative to 3-5 mile) 

   
 

2 - 3 miles 
 

-0.008 -0.014 -0.014 

   
(0.023) (0.023) (0.023) 

 
1 - 2 miles 

 
-0.025 -0.030 -0.030 

   
(0.026) (0.026) (0.025) 

 
0.5 - 1 miles 

 
-0.048 -0.060 -0.059 

   
(0.022)** (0.020)*** (0.020)*** 

 
0 - 0.5 miles 

 
-0.090 -0.087 -0.087 

   
(0.033)** (0.032)** (0.032)** 

      Timeline (relative to PA) 
   

 
PAPC 

 
-0.033 -0.035 -0.038 

   
(0.014)** (0.014)** (0.014)** 

 
PC 

 
-0.055 -0.060 -0.058 

   
(0.020)** (0.020)*** (0.019)*** 

      Difference-in-differences   
   

 
2 - 3 miles PAPC -0.008 -0.009 -0.008 

 
(0.020) (0.020) (0.018) 

 
PC 0.007 0.008 0.006 

 
(0.014) (0.014) (0.015) 

 
1 - 2 miles PAPC -0.041 -0.040 -0.039 

 
(0.037) (0.036) (0.036) 

 
PC -0.002 -0.009 -0.010 

 
(0.017) (0.019) (0.018) 

 
0.5 - 1 miles PAPC -0.029 -0.032 -0.029 

 
(0.030) (0.028) (0.028) 

 
PC -0.001 0.003 0.002 

 
(0.033) (0.031) (0.030) 

 
0 - 0.5 miles PAPC -0.009 -0.001 -0.004 

 
(0.060) (0.053) (0.054) 

 
PC -0.004 -0.001 -0.004 

  (0.042) (0.039) (0.038) 
City by year-quarter fixed effects Y Y Y 
Property-city interactions  N Y Y 
Property-year interactions N N Y 
Observations 

 
48554 48554 48554 

R-squared  0.751 0.759 0.760 
Akaike Information Criterion 12468.5 10933.5 10801.5 
Notes: 'PA' stands for pre-announcement, 'PAPC' for post-announcement/pre-construction, and 'PC' for post-construction. Included in all 
regressions as control variables are lot size, lot size squared, living area, living area squared, number of bedrooms, full bathrooms, half bathrooms, 
indicator variables for the presence of a fireplace, pool, air conditioning, view of the water, within 0.25 miles of the coast, and within one mile of 
the coast, a set of dummy variables for the age of the house at purchase, a set of dummy variables for the subjective condition of the house, and 
tract fixed effects. Property-city interactions indicate that lot size, its square, and the two coast dummy variables are interacted with a full set of 
city dummies. Property-year interactions indicate that lot size and its square are interacted with year fixed effects. Standard errors are shown in 
parentheses and are estimated using the Eicker-White formula to correct for heteroskedasticity and are clustered at the city level. *, **, and *** 
indicate significance at 10%, 5% and 1%, respectively. 
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Table 5: Difference-in-differences estimates using repeat sales data 
Variables (1) (2) 

2 - 3 miles PAPC 0.017 0.019 
(0.012) (0.014) 

PC 0.032 0.032 
(0.027) (0.027) 

1 - 2 miles PAPC -0.067 -0.068 
(0.056) (0.055) 

PC -0.023 -0.024 
(0.041) (0.041) 

0.5 - 1 miles PAPC -0.058 -0.057 
(0.028)* (0.027)** 

PC -0.075 -0.081 
(0.054) (0.052) 

0 - 0.5 miles PAPC 0.079 0.081 
(0.068) (0.074) 

PC 0.006 -0.000 
(0.039) (0.037) 

City by year-quarter fixed effects Y Y 
Property-year interactions N Y 
Observations 

 
21414 21414 

Unique houses 
 

9618 9618 
R-squared 

 
0.897 0.898 

Akaike Information Criterion -12939.7 -13058.9 
Notes: Sample includes only properties that transact more than once during the sample 
timeframe. Standard errors are shown in parentheses and are estimated using the Eicker-White 
formula to correct for heteroskedasticity and are clustered at the city level. *, **, and *** 
indicate significance at 10%, 5% and 1%, respectively. 
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Table 6: Heterogeneity of impacts by turbine size and location 

Variables 
Capacity ≥ 660 kW 

 
Primarily residential 

(1) (2)   (3) (4) 
2 - 3 miles PAPC 0.003 0.002  -0.004 -0.011 

 (0.016) (0.016)  (0.075) (0.061) 
PC -0.011 -0.012  -0.045 -0.043 

 (0.068) (0.069)  (0.066) (0.061) 
1 - 2 miles PAPC -0.056 -0.057  0.048 0.046 

 (0.053) (0.052)  (0.037) (0.031) 
PC -0.038 -0.036  -0.022 -0.014 

 (0.022)* (0.019)*  (0.068) (0.063) 
0.5 - 1 miles PAPC -0.042 -0.042  0.023 0.022 

 (0.041) (0.038)  (0.048) (0.036) 
PC -0.047 -0.047  0.028 0.030 

 (0.041) (0.042)  (0.073) (0.065) 
0 - 0.5 miles PAPC 0.084 0.084  -0.028 -0.034 

 (0.044)* (0.044)*  (0.124) (0.126) 
PC 0.039 0.043  0.073 0.078 
  (0.098) (0.101)   (0.110) (0.115) 

City by year-quarter fixed effects Y Y 
 

Y Y 
Property-city interactions Y Y 

 
Y Y 

Property-year interactions N Y   N Y 
Observations 

 
23776 23776 

 
8206 8206 

R-squared 
 

0.775 0.776 
 

0.726 0.729 
Akaike Information Criterion 7107.2 7021.2   1929.2 1843.8 
Notes: See notes to Table 4. The model used in Columns (1) and (3) is identical to that of Column 
(4) in Table 4, and the model used in Columns (2) and (4) is identical to that of Column (5) in Table 
4. Columns (1) and (2) include turbines PAB, PHS, PVD, NKG. Columns (3) and (4) include PAB, 
PHS, TVT, NRG, NKG. 
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Table 7: The impact of viewshed on property values 
Variables (1) (2) (3) 

0 - 0.5 miles PAPC -0.001 -0.004 - 

 (0.053) (0.054) - 
PC 0.007 0.003 - 

 (0.061) (0.059) - 
View of turbine None (omitted) - - - 

 - - - 
Minor 0.028 0.021 0.020 

 (0.067) (0.072) (0.066) 
Moderate 0.079 0.080 0.082 

 (0.125) (0.125) (0.124) 
High -0.052 -0.044 -0.042 

 (0.177) (0.172) (0.144) 
Extreme -0.019 -0.016 -0.012 
  (0.071) (0.069) (0.050) 

City by year-quarter fixed effects Y Y Y 
Property-city interactions Y Y Y 
Property-year interactions N Y Y 
R-squared  0.759 0.760 0.760 
Akaike Information Criterion 10932.3 10800.4 10814.8 
Notes: See notes to Table 4. The sample size in all columns is 48554. The model used in 
Column (1) is identical to that of Column (4) in Table 4, and the model used in Column (2) 
is identical to that of Column (5) in Table 4. Column (3) includes all control variables that 
Column (5) in Table 4, but does not include the interaction terms between proximity bands 
and time periods (i.e., the difference-in-differences terms). Columns (1) and (2) include all 
difference-in-difference variables shown in Table 4, though only the interaction between 
the 0-0.5 mile distance band and time period are displayed.  
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The Effects of Wind Turbines on Property Values in Ontario: Does Public Perception 

Match Empirical Evidence? 

 

ABSTRACT 

 

The increasing development of wind energy in North America has generated concerns from 

nearby residents regarding potential impacts of wind turbines on property values. Such concerns 

arose in Melancthon Township (in southern Ontario) following the construction of a large wind 

farm. Existing literature has not reached a consensus regarding the nature of these impacts. This 

paper applies a hedonic approach to detailed data on 5,414 rural residential sales and 1,590 

farmland sales to estimate the impacts of Melancthon’s wind turbines on surrounding property 

values. These impacts are accounted for through both proximity to turbines and turbine visibility 

– two factors that may contribute to a disamenity effect. The results of the hedonic models, 

which are robust to a number of alternate model specifications including a repeat sales analysis, 

suggest that these wind turbines have not significantly impacted nearby property values. Thus, 

these results do not corroborate the concerns raised by residents regarding potential negative 

impacts of turbines on property values. 

 

Key words: Wind turbines; property values; visual disamenity; hedonic approach 
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INTRODUCTION 

 

Global environmental concerns have led to greater emphasis on generating electricity from 

renewable resources. Energy sources such as wind have received increasing attention and 

support from governments wanting to cut carbon emissions and reduce dependence on non-

renewable energy sources. As a result, the wind energy industry has become one of the fastest 

growing industries in the world (Herring 2004). However, in spite of its perceived benefits, a 

number of issues and challenges have been identified in the economic literature regarding the 

development of wind energy. These include the intermittency of wind power (e.g., van Kooten 

2009), forecast errors for wind power output (e.g., Delarue et al 2009) and challenges with 

accurate estimation of the economic value of wind power (e.g., Kennedy 2005). Wind energy 

development has also generated controversy, as concerns have been raised by residents living in 

close proximity to wind turbines regarding potential negative effects on property values. Such 

concerns are the focus of this paper.  

Previous research on turbines and property values suggests that the primary complaints 

associated with turbines concern the perceived negative visual effects of turbines on the 

landscape as well as noise created by the turbines. Most recent studies have focused their 

analyses on assessing the visual disamenity, which has become the more prominent concern. 

While earlier literature also examined the issue of noise, the reduced emphasis on the noise 

disamenity appears to reflect improvements in turbine technology (Moran and Sherrington 

2007). As noted by Hoen et al (2009), the impact of proximity to turbines may extend beyond the 

visual disamenity effect to include nuisance effects such as shadow flicker and health concerns. 

Each of these effects, whether real or perceived, may also impact property values. 
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Existing literature on the disamenity effects of wind turbines (see Table 1 for an overview 

of this literature), which has incorporated a variety of techniques such as surveys, contingent 

valuation, price comparisons, and hedonic regressions, is inconclusive with respect to effects on 

property values. Several studies have found evidence of negative impacts, both for onshore 

turbines (Khatri 2004; Groothuis et al 2008; Heintzelman and Tuttle 2012) as well as offshore 

turbines (Haughton et al 2004; Ladenburg and Dubgaard 2007; Krueger et al 2011). In some 

cases, these studies did not examine property values specifically, but instead estimated residents’ 

willingness-to-pay to keep turbines out of their viewshed, their required compensation for these 

turbines, or costs of landscape impacts. However, these findings are likely linked to anticipated 

negative property value effects occurring due to this disamenity. The results of other studies 

found no significant evidence of negative effects on property values (Grover 2002; Sterzinger et 

al 2003; Poletti 2005; Hoen 2006; Rayner 2007; Sims and Dent 2007; Sims et al 2008; Hoen et al 

2009). Thus, consensus has not been reached in the empirical economic literature regarding the 

expected effects on property values of disamenities associated with wind turbines.   

The impacts on property values of other types of disamenities have been well-

documented, including impacts of hazardous waste sites (e.g., Kohlhase 1991; Kiel and Williams 

2007), landfill sites (e.g., Nelson et al 1992; Hite et al 2001), transmission lines (e.g., Hamilton 

and Schwann 1995), and oil and natural gas facilities (e.g., Boxall et al 2005). Such disamenities 

are typically found to negatively impact nearby property values. The purpose of this paper is to 

estimate the property value impacts of the perceived disamenity associated with a wind farm (a 

term which refers to a set of wind turbines constructed across multiple properties within a local 

area) in Melancthon Township in the province of Ontario. This wind farm is one of several that 

have been constructed across Ontario in the past decade. Concerns about potential negative 

Exhibit A15-5

 
015579



5 

 

impacts on property values, as well as related concerns about potential health impacts on 

residents in close proximity to turbines, have become very prominent in Ontario’s public forum 

in recent years. With the recent growth in Ontario’s wind energy industry anticipated to continue 

as a result of government legislation such as the provincial Green Energy and Green Economy 

Act (2009), and with an increasing number of grassroots organizations across the province taking 

a stand against future wind farm developments, further examination of this issue to provide a 

better understanding of these effects that can inform the escalating controversy is imperative. At 

a more general level, additional in-depth studies on the property value impacts of wind turbines 

are needed to address the lack of consensus in the literature. 

We apply a hedonic approach to detailed datasets of rural residential
1
 sales and farmland 

sales in the area surrounding Melancthon Township to estimate the effects of the wind turbines 

on nearby property values. To our knowledge, this is the first hedonic study of the property value 

effects of wind turbines in Canada. This paper adds to the literature in two key ways. First, these 

effects are accounted for through both the proximity to the nearest turbine and the level of 

turbine visibility – i.e., the two factors that contribute to the potential visual disamenity. In 

addition to using each factor separately, we use an approach that combines proximity and 

visibility to account for the relationship between these two factors in contributing to the 

disamenity. Previous studies have tended to use either a distance measure or a visibility measure, 

which may limit the ability to adequately capture these effects. For example, the disamenity 

effects for two properties at a similar distance from a turbine may vary with the level of visibility 

from each property, while disamenity effects for two properties for which the nearest turbine is 

                                                 
1
 Rural residential properties are located beyond the municipal boundaries of urban areas. These properties tend to 

be larger than urban residential properties, and are often purchased by landowners that value visual amenities 

associated with the surrounding ‘green’ landscape. 
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fully visible may vary with distance to the turbine. Hence, combining these factors may permit a 

more accurate representation of disamenity effects associated with turbines. 

Second, this paper provides a direct comparison of the effects of wind turbines on two 

distinct property types: rural residential and agricultural. As indicated in Table 1, the majority of 

recent studies has focused on the effects on residential properties, while farm properties have 

received little attention. The property value effects of turbines are anticipated to be greater for 

rural residential properties as the values of these properties, which are used primarily for 

residential purposes, may be more sensitive to visual disamenities and other nuisance effects than 

properties purchased primarily for agricultural use.  

The findings of this paper will provide evidence that may help to resolve the controversy 

that exists in Ontario regarding the impacts of wind turbines on property values. In response to 

concerns regarding potential impacts, many residents have been calling on the provincial 

government to delay wind farm developments until these impacts are better understood. This 

paper will contribute to achieving a better understanding of these impacts, and subsequently will 

determine whether concerns regarding negative impacts on property values are validated. The 

results presented in this paper may also inform further policy discussions and developments 

related to the future direction of wind energy in Ontario. In addition, these results may have 

applicability for large-scale wind farms constructed in other jurisdictions similar to Melancthon 

Township, where rural areas are comprised of farms interspersed with rural residential properties 

for which value is derived from the surrounding viewshed. 

 

BACKGROUND 
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In 2003, the provincial government of Ontario set a target of achieving 10% of total electricity 

production from renewable sources by the year 2010. According to Ontario’s Ministry of 

Energy, the province had only 10 wind turbines operating commercially in 2003 but currently 

there are in excess of 1,000. This growth can be attributed to programs launched by the 

government to encourage individuals or firms (proponents) to establish wind projects that 

contribute to the local power grid, whereby the proponent enters into a power purchase 

agreement with the Ontario Power Authority through which production is guaranteed for twenty 

years.   

Canadian Hydro Developers was one of the earliest successful proponents under this 

government policy initiative.
2
 They proposed to construct a wind farm, in two phases, in 

Melancthon Township, Dufferin County, about 100 kilometres northwest of Toronto. The first 

phase consisted of 45 80-metre turbines with a rated capacity of 67.5 megawatts of electricity, 

while the second phase consisted of 88 turbines with a rated capacity of 132 megawatts.
3
 The 

government of Ontario awarded Canadian Hydro Developers a contract on November 25, 2004.   

The development of Phase I began in 2004 with environmental assessments, which were 

completed in the spring of 2005. Municipal permits and approvals were then obtained, which 

allowed construction to proceed. The permits identified the specific properties upon which the 

turbines would be constructed. Service works such as access roads and necessary upgrades were 

completed by the end of June 2005, which allowed construction to commence in July. 

Construction of all Phase I turbines was completed by March 2006. For Phase II, some access 

roads were installed in the fall of 2007, but due to delays in permitting, construction did not 

occur until the following year, beginning in March and extending to December of 2008. In most 

                                                 
2
 Canadian Hydro Developers has since been acquired by TransAlta Corporation. 

3
 Some of the Phase II turbines are situated in neighbouring Amaranth Township. 
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cases, the land on which turbines were constructed was leased from local property owners, but in 

some cases properties were bought outright by Canadian Hydro Developers. The leases extend 

for a period of 20 years, during which time each property owner receives monthly compensation, 

based on the performance of the turbine(s) located on their property.  

Public discussion began after the government of Ontario announced that Canadian Hydro 

Developers’ bid had been accepted for the Melancthon wind farm. Initially, interest in the project 

was evident from farmers and large property owners who were potential candidates for turbine 

development on their property. For example, in a letter to the editor of a local newspaper, a 

Melancthon farmer stated that: “...a wind turbine on a farm is attractive as it might be a source of 

local power when central power is cut off, and could offset the rising cost of electricity and 

provide some income...” (Orangeville Banner, January 25, 2005). 

 As the project progressed and details emerged, such as the height of the turbines and their 

locations, concerns arose from local residents. At a town hall meeting in Melancthon in February 

2005, two primary concerns were raised: setbacks and the devaluation of properties. Residents 

were concerned that the 150-metre proposed setback of a turbine from a residence would not be 

enough, and that the resulting viewshed would negatively impact the value of properties. 

Following this meeting, a related article in a local newspaper noted that “...concern was also 

raised with the impact a wind farm will have on property values, and despite what developers 

say, residents feel it will have an unfavourable effect.” (Orangeville Banner, February 18, 2005). 

The concerns of residents contrasted starkly with the views of the property owners who were 

expecting a turbine to be constructed on their property. At a township meeting in April 2005, the 

23 property owners that accounted for the 45 Phase I turbines presented a petition to council 

urging them to expedite the process of permit approval. 
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Despite many public meetings over the course of the planning and development of the 

wind turbines in Melancthon Township, the debate regarding the distribution of effects of the 

turbines in this area remained largely unresolved. Since existing literature does not provide 

conclusive evidence regarding this debate, we conduct an analysis to examine for property value 

impacts of these turbines.  

 

METHODS 

 

Previous studies on wind turbines have employed a variety of methods to examine for the effects 

of the disamenities associated with turbines on property values. These methods include hedonic 

regression analysis (Hoen 2006; Sims and Dent 2007; Sims et al 2008; Hoen et al 2009; 

Heintzelman and Tuttle 2012), valuation using choice experiments (Ladenburg and Dubgaard 

2007; Krueger et al 2011), contingent valuation (Haughton et al 2004; Groothuis et al 2008), and 

price-trend comparison (Poletti 2005, 2007; Rayner 2007). A number of studies have also used 

surveys to examine attitudes toward wind turbines and wind energy (Thayer and Freeman 1987; 

Krohn and Damborg 1999; Sustainable Energy Ireland (SEI) 2003).  

The theory behind the possibility of disamenity effects is based on the concept that 

potential owners value properties on the basis of various property characteristics as well as 

environmental amenities and disamenities, subject to their budget constraints. Purchase decisions 

are made based on households’ tastes for specific attributes. These tastes are reflected in the 

values that households place on these attributes. These values can be estimated through a 

hedonic approach, which decomposes actual transaction prices into components linked to 

property attributes. 
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While hedonic models have not been frequently used in studies on the effects of wind 

turbines, they have seen extensive use in a wide variety of property value studies. This modeling 

approach is useful for generating the value associated with specific attributes of properties (see 

Freeman 2003). In this case, a hedonic model is developed for the purpose of determining the 

impact on property values of turbine proximity and visibility, specified by:  

,jjiijj δTβxP ε++=                 (1)  

where Pj represents the sale price of the jth property; xij is a set of property and location attributes 

that can impact the sale price; Tj is the variable accounting for the disamenity effects of wind 

turbines; βi and δ are parameters to be estimated; and εj is the error term.  

We estimate six models in our primary analysis, which include three models each for 

rural residential properties and for farm properties. For both property types, the three models are 

differentiated based on the approach to accounting for turbine disamenity effects, which is 

discussed in the following section. 

A double-log functional form is used for these models,
4
 which is consistent with many 

hedonic models in the literature (e.g., Irwin 2002; Boxall et al 2005; Deaton and Vyn 2010). 

Recent literature has suggested that flexible functional forms such as the Box-Cox can 

outperform simpler forms, particularly in models where spatial fixed effects are used to control 

for omitted variable bias (Kuminoff et al 2010). However, we did not find any differences in sign 

or significance of the results for our variables of interest under Box-Cox specifications relative to 

the double-log form.  

As described in previous studies (e.g., Irwin and Bockstael 2001), the identification of 

hedonic models can be affected by issues such as spatial autocorrelation. This issue can cause 

                                                 
4
 Not all explanatory variables are logarithmically transformed. Decisions about which variables to leave in their 

original form follow the general rules of thumb outlined in Wooldridge (2006). The variables that have been 

transformed are indicated in the tables of results (Tables 5 and 6). 
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inefficient parameter estimates due to omitted explanatory variables that are spatially related or 

due to spatially weighted price influences of proximate properties. As a result, studies have 

incorporated a spatial component into hedonic models to address this issue. Likewise, as 

described in the sensitivity analysis, we use a spatial autoregressive model to determine whether 

the existence of spatial autocorrelation has affected the parameter estimates. Other identification 

issues associated with the use of hedonic models include multicollinearity and heteroskedasticity. 

We address heteroskedasticity by generating robust standard errors, while the issue of 

multicollinearity is examined in the results section. 

 

DATA 

 

The data used in the hedonic models to estimate the property value effects of the Melancthon 

wind farm is derived from separate datasets collected by the Municipal Property Assessment 

Corporation (MPAC) to record sales of rural residential properties and farm properties.
5
 These 

datasets consist of open-market sales (as defined by MPAC) between January 2002 and April 

2010
6
, inclusive, in Melancthon and ten surrounding townships in the counties of Dufferin, Grey, 

Simcoe, and Wellington. With the focus of this study on the effects of turbines on nearby 

properties, sales of properties on which turbines are located are excluded from these datasets.
7
 

Additionally, we restrict farm properties to those greater than five acres in size, in order to 

exclude farm properties that may be too small for use in agricultural production.
8
  

                                                 
5
 MPAC collects this data for the purpose of assessing property values. 

6
 The farm sales data extends only to April 2009. 

7
 Only three sales of farm properties with turbines were included in the original datasets. This limited number 

restricts the ability to estimate the effects on the value of properties on which turbines have been constructed; as 

such, they have been excluded from the analysis.   
8
 This restriction, as well as a variation of this restriction (i.e., 20 acre minimum size), does not impact the results. 
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With wide ranges in sale prices within each dataset, the possibility of outliers exists. 

Potential outliers are removed by establishing minimum and maximum prices beyond which the 

distribution of sale prices becomes sparse. Rural residential properties with sale prices below 

$10,000 and greater than $2,000,000 are removed, while farm properties with sale prices greater 

than $2,500,000 are removed from the dataset.
9
 Following these restrictions, the datasets used for 

the analysis consist of 5,414 rural residential sales and 1,590 farmland sales.  

Both datasets include many properties that sold more than once during the study period. 

Among the rural residential (farm) sales, 797 (131) properties sold twice, 114 (10) properties 

sold three times, and 12 (0) properties sold four times. This allows for conducting a repeat sales 

analysis, which can be an effective method for controlling for omitted variable bias. The results 

of this analysis can be compared to those of the full sample. Due to the relatively low numbers of 

properties in close proximity to turbines in the repeat sales sample, we conduct this analysis as a 

component of the sensitivity analysis rather than as our primary model.  

 

Variables Accounting for Turbine Impacts 

The potential visual disamenity associated with turbines is anticipated to arise due to two factors: 

proximity to the turbine and the level of visibility of the turbine. Each factor is incorporated 

separately into the hedonic models to account for this disamenity. In addition, as an alternate 

approach to accounting for this disamenity, a model is specified that combines both factors. 

Hence, three separate models are estimated for both property types, each with a different 

approach to accounting for the disamenity effects of turbines.  

                                                 
9
 There were 7 rural residential properties (0.13% of sample) and 5 farm properties (0.31% of sample) with sale 

prices beyond these constraints. Excluding these sales did not affect the nature of the results. 
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In the first model, the disamenity effects are accounted for by proximity to turbines, 

which is measured as the inverse of the distance, in kilometres, from the property to the nearest 

wind turbine. This approach to accounting for turbine disamenity effects is similar to that of 

Heintzelman and Tuttle (2012). Geographic information systems (GIS) software was used to 

calculate the distances from each property in the two datasets to each of the 133 turbines in the 

Melancthon wind farm, from which the distance to the nearest turbine was determined for each 

property, and then inverted. While this study focuses to a larger extent on visual disamenities, the 

use of a proximity variable also accounts for noise disamenities associated with turbines. Due to 

the distance-decaying nature of the visual and noise disamenities associated with wind turbines, 

any disamenity effects on property values within the affected area are expected to be relatively 

higher for properties in closer proximity to turbines. Hence, if such disamenity effects exist, the 

sign of this proximity variable would be negative. Variation in the magnitude of effects based on 

distance from the disamenity has been demonstrated in related areas of the literature (Kohlhase 

1991; Boxall et al 2005).  

In the second model, the disamenity effects are accounted for by the level of visibility, 

which is measured using a rating system similar to that of Hoen (2006). Under this rating system, 

a score of one point is assigned if only the top of the blade is visible from the property (e.g., 

above the treeline), a score of two points is assigned if the hub of the turbine is fully visible, and 

a score of three points is assigned if the entire vertical span of the blades is visible.
10

 The 

development of this rating system required field visits to each of the properties within 5 

kilometres of the wind farm, which was determined based on observations of the study area to be 

                                                 
10

 A rating system of 1, 3, and 5 points for the indicated levels of visibility was also examined, but the results were 

not found to be sensitive to this alternate rating system.  
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the extent of the visual impact.
11

 Similarly, previous studies have specified distance limits within 

which the effects are assumed to extend, such as five miles (Sterzinger et al 2003; Hoen 2006) 

and five kilometres (SEI 2003) from turbines. Both the rural residential and farm datasets include 

properties up to 50 kilometres from the nearest turbine, which permits the comparison of 

properties in close proximity to turbines with those from which the turbines are not visible (i.e., a 

control group). Under the assumption that greater visibility of the turbine increases the 

disamenity effects on property values, the expected sign of this visibility rating variable is 

negative. 

Since sales data are available both prior to and after the Melancthon wind farm was 

developed, each of the proximity and visibility measures used in the first two models is 

multiplied by a categorical variable indicating whether the property was sold in the time period 

during which disamenity effects are expected to occur, referred to as the post-turbine period. 

However, the existence of two phases of the wind farm complicates the calculation of these 

interaction terms. Consideration must be given to the date of sale with respect to the post-turbine 

period specific to each phase and, subsequently, to the determination of visibility rating of or 

distance to the nearest turbine in existence at the date of sale. As a result, categorical variables 

are created to represent the post-turbine period for each phase, while for each property, visibility 

ratings and distances to the nearest turbine are determined separately for Phase I turbines and for 

Phase II turbines. To capture appropriately the potential disamenity impacts of the Melancthon 

wind farm, each disamenity measure is specified for both rural residential and farm properties as 

the maximum of the Phase I and Phase II measures.  

                                                 
11

 GIS applications can also be used to model the topography of the surrounding landscape and resulting viewshed. 

Hoen (2006) found that field visits were more accurate for rating turbine visibility than a GIS modeling approach. 
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The post-turbine periods are specified to account for the time periods in which the 

potential impacts of the turbines would likely be observed in property transaction prices. Since 

uncertainty exists in identifying the point in time at which impacts are expected to arise, we use 

three different specifications of the post-turbine period. In our base model, impacts are assumed 

to arise upon commencement of turbine construction.
12

 While the visual impact of the turbines 

could not be fully observed at this time, market participants would be aware of the locations of 

the turbines. Construction began in July 2005 for Phase I turbines and in March 2008 for Phase II 

turbines. Hence, the post-turbine periods specified for our primary models account for all sales 

that occurred from these months forward.  

Unfortunately, there are relatively few observations in the post-turbine periods that are in 

close proximity to turbines.
13

 Table 2 provides the numbers of post-turbine period observations 

at various distances from the turbines for the base model and two alternate specifications (which 

are described below). For example, under the base model specification, there are 23 (8) sales of 

rural residential (farm) properties within 1 kilometre of the nearest turbine and 103 (40) within 5 

kilometres (which represent 1.9% (2.5%) of all sales). The numbers of observations for each 

visibility rating are provided in Table 3 for each of the post-turbine period specifications. For the 

base model specification, among the rural residential (farm) properties within 5 kilometres of the 

nearest turbine, 9 (3) properties have a visibility rating of 1, 19 (13) properties have a visibility 

rating of 2, and 33 (16) properties have a visibility rating of 3.
14

 These relatively low numbers of 

post-turbine period observations, which may impede the ability to detect significant effects, 

represent a potential limitation of this study.  

                                                 
12

 In a survey conducted by Khatri (2004), the majority of chartered surveyors believed that the impacts of turbines 

began before construction was completed. 
13

 This has been a recurring issue in previous hedonic studies on the effects of wind turbines. 
14

 The majority of properties within 5 km of the nearest turbine with a visibility rating of 0 are located in the 3-5 km 

range. The closer the property to the nearest turbine, the more likely that the visibility rating is greater than 0. 
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To address the uncertainty that exists regarding the point in time that impacts begin to 

arise, we examine the sensitivity of the base model results to two alternate specifications of the 

post-turbine periods. The first alternate specification (Pre-Construction) assumes that impacts 

begin to arise upon project approval (for Phase I) and upon completion of ancillary activities 

such as access roads (for Phase II), which could provide some indication of where future turbines 

may be located. These post-turbine periods include sales occurring after November 2004 (Phase 

I) and after October 2007 (Phase II), of which 30 (9) rural residential (farm) properties are within 

1 km and 123 (52) are within 5 km of the nearest turbine (see Table 2). The second alternate 

specification (Post-Construction) assumes that impacts do not arise until construction is 

completed (i.e., turbines are fully visible); thus, the post-turbine periods include sales occurring 

after February 2006 (Phase I) and after November 2008 (Phase II). Among these sales, 18 (6) 

rural residential (farm) properties are within 1 km and 79 (27) are within 5 km of the nearest 

turbine. 

While both proximity and level of visibility represent plausible measures of the visual 

disamenity, and have been used accordingly in previous studies, the use of each measure on its 

own involves potential issues that may impede the ability to appropriately capture the disamenity 

effects. For example, the impact of turbine visibility is likely to vary spatially – i.e., the 

disamenity effect of a 3-point visibility rating is assumed to be greater for a turbine at a distance 

of 1 kilometre than for a turbine 3 kilometres from the property. To address such issues, an 

additional model is specified that includes both the proximity and visibility variables as well as 

an interaction term (Proximity*Visibility). This represents an approach to accounting for turbine 

disamenity effects that has not previously been taken in the literature. The interaction term 

increases with visibility (holding proximity constant) and decreases with distance from the 
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nearest turbine (holding visibility constant); hence, as with each of the proximity and visibility 

variables, the sign of this variable is anticipated to be negative. 

As an alternative to using a continuous distance specification for the proximity variable 

accounting for the disamenity effects of turbines (Model 1), a set of discrete distance bands is 

specified based on proximity to the nearest turbine. Distance bands have been used in a number 

of previous studies (Thayer et al 1992; Mikelbank 2005; Deaton and Vyn 2010). The set of 

distance bands specified for this study includes the following ranges: 0-1 km, 1-3 km, and 3-5 

km. These ranges encompass the visual extent of the wind turbines, which was determined based 

on observations of the study area to be about 5 km. Since the specification of 1-km bands would 

result in relatively few observations within some bands, particularly for farm properties, the use 

of larger bands (i.e., 2-km bands) increases the numbers of observations within each band and 

reduces the potential for individual properties to have undue influence on the estimated results. 

An exception is made with the first band (0-1 km) to permit examining for impacts in the area 

immediately surrounding the turbines where these impacts are anticipated to be greatest, under 

the assumption of a distance-decaying disamenity effect.
15

 For rural residential (farm) properties, 

there are 23 (8) properties in the 0-1 km band, 28 (11) properties in the 1-3 km band, and 52 (21) 

properties in the 3-5 km band. Distance band variables are calculated as the maximum of 

interaction terms specified for each phase between the categorical variable accounting for the 

existence of the nearest turbine within the specified range and the post-turbine period categorical 

variable specific to that phase. The results for this model specification are compared to those of 

the continuous distance specification in the sensitivity analysis. 

                                                 
15

 Alternatively, two successive bands of 2.5 km (i.e., 0-2.5 km; 2.5-5 km) can be specified, which would increase 

the numbers of observations within the bands. However, this alternate band specification does not change the nature 

of the results. 
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 We also examine for the effects of turbine density in the sensitivity analysis. With 133 

turbines constructed across the Melancthon wind farm, the disamenity effect may depend not 

only on proximity to and visibility of the nearest turbine but also on the number of turbines 

within the viewshed. Thus, a turbine density variable is created to account for the existence of 

multiple turbines in close proximity to properties. To create this variable, the total number of 

turbines is calculated within a specific radius of each property. Two separate specifications of 

this variable are created: one with a 2-km radius (Density 2 km) and one with a 5-km radius 

(Density 5 km) in which density effects are measured. The maximum number of turbines within 2 

(5) kilometres is 24 (91) for rural residential properties and 17 (60) for farm properties. This 

approach follows that of Boxall et al (2005), which examined the effects of the density of sour 

gas wells on nearby property values.  

 

Other Hedonic Covariates 

In addition to the turbine variables, there are three other categories of variables (i.e., property, 

location, and time) that are included in the models to account for differences in sale prices across 

rural residential and farm properties (see Table 4). Many of these variables are consistent with 

those used in other hedonic property value studies. Due to differences between rural residential 

properties and farm properties in the importance of various attributes that contribute to value, the 

sets of variables included in the two models differ to some degree. While the description below 

covers all variables included in both models, differences between the sets of variables included 

in the models are evident in Table 4, where summary statistics are provided only for the 

variables included in each model.  
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The property variables include attributes of houses that account for differences in 

property values, such as square footage, the numbers of bathrooms and fireplaces, the existence 

of features such as a pool and air conditioning, and a house quality index (on a scale of 0-10). 

Other property variables include the size of the property in acres, the numbers of acres of Class 1 

land, Class 2 land, and wooded area, the existence of water and sewer services, and the value of 

any secondary structures (e.g., barns, sheds, and garages) on the property.  

The location variables account for urban and amenity influences in the surrounding area. 

Amenity variables include a categorical variable that accounts for the abutment of the property to 

commercial properties. The influence of urban areas on property values are accounted for by the 

distances to the nearest city with population greater than 10,000 and to the nearest highway 

interchange, in kilometres. The distance variables were generated using GIS software. Spatial 

fixed effects, which have received attention in recent hedonic studies as a means of reducing 

omitted variable bias associated with unobserved local factors (Kuminoff et al 2010), are 

accounted for through a set of categorical variables for the 11 townships (with one omitted from 

the models) represented in the datasets.  

The time variables account for changes in property values over time as well as for 

seasonal influences. To capture these influences, sets of year and month categorical variables are 

included in the models, with the year 2002 and the month of January omitted.  

Summary statistics in Table 4 indicate average sale prices of $287,432.20 for rural 

residential properties and $353,647.40 for farm properties. The average size of farm properties is 

78.91 acres, while the average rural residential property size is 6.14 acres.   

 

RESULTS 
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Three separate hedonic models are analyzed for both rural residential properties and farm 

properties, the results of which are provided in Table 5 and Table 6, respectively. These models 

differ in the variable accounting for turbine impacts, with these impacts accounted for by 

proximity of the property to the nearest turbine in Model 1 (measured as inverse distance), by 

visibility of the nearest turbine in Model 2 (measured based on a rating scale of 0-3), and by 

proximity, visibility, and an interaction of these variables in Model 3. With the disamenity 

effects of turbines assumed to be increasing with visibility rating as well as distance-decaying 

(hence, increasing with inverse distance), the coefficient for each variable representing turbine 

impacts is expected to be negative. However, these anticipated outcomes are not observed for 

either rural residential properties or farm properties, as the estimated coefficients are not 

statistically significant, and, in many cases, not negative. It may be the case that the relatively 

low number of observations in close proximity to turbines contributed to the relatively large 

standard errors and resulting lack of statistical significance. Hence, within the limitations of the 

data and estimation methods, significant price effects of the wind turbines in Melancthon 

Township on surrounding properties are not found. To address some of these limitations and 

their potential influence on the results, the robustness of the results of Model 1 is examined 

across a number of alternate model specifications, which include the use of alternate post-turbine 

periods, distance bands, spatial models, repeat sales models, and turbine density variables.
16

 

Each of these alternate specifications is discussed below, following a brief overview of the 

results of the property, location, and time variables.  

                                                 
16

 Only the robustness of the results of Model 1 is described in the sensitivity analysis, as alternate specifications of 

Models 2 and 3 provide very similar results to those of Model 1. 

Exhibit A15-5

 
015595



21 

 

The results for the remaining variables are consistent across the three models for each 

property type. The directions of the effects on price for the property and location variables 

coincide with expectations, with most coefficients being statistically significant. The lack of 

significance in the remaining coefficients may be due to correlation among variables. The 

possibility of correlated variables raises the issue of multicollinearity, which may affect the 

validity of the estimates. An examination of the variance inflation factors (VIFs) for these 

variables did not indicate any with a VIF greater than 10, which would have been cause for 

concern (Gujarati 1995).  

The results of the fixed effects variables indicate considerable variation in prices across 

townships for both property types, which may account for the influence of spatially varying 

omitted variables. The time variables indicate that prices for both property types generally 

increased from year to year, while seasonal differences are found for rural residential properties 

where prices in the last few months of the year are significantly higher than prices early in the 

year.
17

 

 

Sensitivity Analysis 

To account for a number of issues and limitations inherent in the approach used in our primary 

analysis, we examine several alternate model specifications. The results for each specification 

are compared to those of Model 1 for rural residential properties in Table 7 and for farm 

properties in Table 8.
18

 

                                                 
17

 In the interest of space, the results for the fixed effects variables and sets of year and month variables are not 

included in the tables of results. They are available from the authors upon request. 
18

 Only the results of the turbine variables are shown in these tables. The results for all other variables are consistent 

with those of the Model 1. 
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Given that the assumption imposed regarding the dates that the turbine effects began to 

arise – July 2005 for Phase I; March 2008 for Phase II – may be somewhat limiting, two 

alternate post-turbine period specifications are examined. First, pre-construction dates are 

specified as the points in time at which the effects began to occur: November 2004 for Phase I; 

October 2007 for Phase II. These dates coincide with project approval (Phase I) and with 

completion of ancillary activities (Phase II). Second, post-construction dates are specified: 

February 2006 for Phase I; November 2008 for Phase II. These dates coincide with the 

completion of turbine construction for the respective phases of the wind farm. The results of the 

models based on these alternate specifications are displayed in columns 2 (Pre-Construction) and 

3 (Post-Construction) of Tables 7 and 8. The results are found to be similar to those of the 

primary model for both rural residential properties and for farm properties, where no significant 

effects are observed. This suggests that the lack of significant disamenity effects observed in the 

primary models is not an artifact of the imposed assumptions for the specifications of the post-

turbine periods.  

As an alternative to the continuous specification of the proximity variable, a discrete set 

of distance bands is used to account for the disamenity effects, where variables are specified to 

account for properties sold in the post-turbine period within bands of 0-1, 1-3, and 3-5 kilometres 

from the nearest turbine. With the assumed distance-decaying nature of the turbine disamenity 

effects, the coefficients for the distance band disamenity variables are expected to be negative, 

with declining magnitudes with distance from the nearest turbine. However, as with the primary 

models, no significant disamenity effects are observed across the distance bands for either rural 

residential or farm properties (see column 4 of Tables 7 and 8). 
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The next component of the sensitivity analysis examines the issue of spatial 

autocorrelation, which can often arise in hedonic property value models. The results of Moran’s I 

tests indicate evidence of spatial autocorrelation in the data for both rural residential sales (I = 

0.0723; p < 0.0001) and farmland sales (I = 0.0893; p < 0.0001). This issue can be accounted for 

through either a spatial lag model or a spatial error model, depending on the nature of the spatial 

correlation (see Anselin 1988). Lagrange multiplier (LM) tests can be used to determine which 

model is most appropriate (Brueckner 1998). Comparisons of the LM statistics for the spatial lag 

model (rural residential: 1,309.3336; farms: 163.2084) and the spatial error model (rural 

residential: 393.3383; farms: 95.3762) suggest that the spatial lag model would be more 

appropriate for addressing this issue for both sets of data.
19

 This model is estimated separately 

for each property type using spatial autoregressive (SAR) models. Building on the hedonic 

model in equation (1), the SAR model is specified as: 

,jjiijjj δTβxWPP ερ +++=                (2) 

where ρ is the spatial correlation parameter and W is an n x n spatial weight matrix. This matrix 

is created based on an inverse distance specification, following a commonly used specification in 

the spatial econometric literature (Bell and Bockstael 2000), particularly for studies using micro-

level data with non-contiguous observations (Bell and Irwin 2002). In this case, a cutoff distance 

of 5 kilometres is imposed, such that the weight is equal to 1/distance between the two properties 

if the distance is less than 5 km and zero otherwise.
20

 

                                                 
19

 However, the results are found to be consistent across both the spatial lag and the spatial error models. 
20

 Due to uncertainty that typically exists regarding appropriate specification of the spatial weight matrix, Bell and 

Dalton (2007) note that sensitivity analyses are often conducted across alternate forms of this matrix. Accordingly, 

we examined the sensitivity of the results under an alternate spatial weight matrix in which the specification is based 

on the 10 nearest neighbours (e.g., Pace et al 2000). Further sensitivity analysis was conducted for each specification 

of W by adjusting the cut-off distance and the number of nearest neighbours. In each case, the results were not 

sensitive to changes in W.  
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 The results of the SAR models (column 5 of Tables 7 and 8) are similar to those of the 

primary models, where no significant effects of turbines are found. Thus, the existence of spatial 

autocorrelation does not appear to affect the nature of the results. This is not entirely surprising, 

given the fact that, as noted in Heintzelman and Tuttle (2012), incorporating spatial fixed effects 

can be analogous to the use of a spatial lag model for addressing issues arising from spatial 

autocorrelation. Hence, the use of spatial fixed effects in our primary models may reduce the 

possibility of biased estimates and, subsequently, eliminate the need to account for this bias 

through a spatial lag model. 

The existence of properties in our datasets that sold more than once during the study 

period permits a repeat sales analysis, from which the estimated disamenity effects can be 

compared with those of the full sample models. This analysis allows us to implement fixed 

effects at the parcel level rather than the township level, which may better control for omitted 

variable bias, and to examine the sensitivity of the results to an alternate geographic scale of 

fixed effects. The results of the repeat sales models, based on 2,008 sales of rural residential 

properties (935 properties) and 292 sales of farm properties (141 properties), are similar to those 

of the full sample models, where no statistically significant effects of turbines on property values 

are found (see column 6 of Tables 7 and 8).
21

 Similarity of results between full sample models 

and repeat sales models has previously been demonstrated in related hedonic studies on the 

effects of wind turbines (Hoen et al 2009; Heintzelman and Tuttle 2012). However, while 

supportive of our primary results, the results of the repeat sales analysis should be viewed with 

considerable caution, as the lack of significance may be due in part to limited observations in 

close proximity to turbines. For example, among rural residential (farm) properties, there are 43 

                                                 
21

 These results also hold for repeat sales models based on the other three specifications of the disamenity effects 

used in the primary analysis. Further, restricting the repeat sales sample to properties that sold both before and after 

the turbines were constructed (1,150 rural residential sales; 160 farm sales) produces similar results. 
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(8) properties sold in the post-turbine period within 5 kilometres of the nearest turbine, of which 

only 10 (2) are within 1 kilometre. Hence, these numbers of observations are likely too few to 

detect significant effects, which represents a major limitation of this analysis.    

While our primary analysis focuses on disamenity effects associated with proximity to or 

visibility of the nearest wind turbine, this approach ignores the possibility of disamenity effects 

arising from the existence of multiple turbines. With 133 turbines constructed within a relatively 

localized area in Melancthon Township, properties in this area may be in close proximity to 

multiple turbines. To determine whether the number of surrounding turbines affects sale prices, 

turbine density variables are specified to account for the numbers of turbines within 2 km and 

within 5 km of each property. These density variables are incorporated into the hedonic models 

as an alternate approach to the specification of the turbine disamenity – i.e., in place of the 

proximity and visibility variables. The results of the models for each density specification 

(columns 7 and 8 of Tables 7 and 8) indicate no significant impacts of turbine density on rural 

residential or farm property values within either of these distances. Specifically, an increase in 

the number of turbines in close proximity to a property is not found to negatively impact its 

value.  

 In summary, the sensitivity analysis examines the robustness of our primary results 

across several alternate model specifications. The results across all components of the sensitivity 

analysis are consistent with those of our primary models, where no significant disamenity effects 

are found. 

 

CONCLUSION 
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In response to concerns raised by residents of Melancthon Township regarding potential effects 

of surrounding wind turbines on property values and to a lack of consensus in the related body of 

literature, this paper estimates the impacts of the Melancthon wind farm on nearby rural 

residential and farm property values. This paper adds to the growing body of literature on the 

effects of wind turbines by utilizing a hedonic approach, which has not been frequently used in 

related studies (we are aware of only three peer-reviewed studies: Sims and Dent 2007; Sims et 

al 2008; Heintzelman and Tuttle 2012), to estimate the disamenity effects of turbines on property 

values using both proximity to turbines and turbine visibility to account for these effects. In 

addition, this paper permits the comparison of effects across rural residential properties and farm 

properties, the latter of which has received little attention in the literature.  

The analysis discussed above allows us to address our primary research question: Have 

the wind turbines in Melancthon Township affected surrounding property values? The empirical 

results generated by the hedonic models, using three different measures to account for 

disamenity effects, suggest that these turbines have not impacted the value of surrounding 

properties. Further, the nature of the results, which indicate a lack of significant effects, is similar 

across both rural residential properties and farm properties. Thus, the anticipated greater effect 

on rural residential properties – due to the greater amenity value derived from the surrounding 

landscape – is not found to occur. After conducting extensive sensitivity analysis to test the 

robustness of the primary model results, these results are found to be consistent across a number 

of alternate model specifications.  

However, while the results indicate a general lack of significantly negative effects across 

the properties examined in this study, this does not preclude any negative effects from occurring 

on individual properties. In fact, a recent appraiser’s report on the impacts of Melancthon’s wind 
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turbines (Lansink 2012) found that the values of five specific properties in close proximity to 

turbines declined by up to 59%. While the set of properties examined in this study may not be 

representative of all open-market sales in close proximity to the turbines (the five properties in 

question were each purchased by Canadian Hydro Developers and resold after turbines had been 

constructed
22

), it provides evidence that values of specific properties may be negatively 

impacted, which supports the claims made by a number of local residents.
23

 Indeed, the existence 

of relatively large standard errors for some of the turbine disamenity variables suggests that some 

properties may have experienced negative impacts from proximity to turbines. Thus, the results 

of our study cannot refute the claim that values of some nearby properties have been impacted by 

wind turbines; however, they do suggest that such impacts may not occur to the same degree 

across all open-market sales of similarly situated properties (although this finding may be limited 

by the relatively low frequency of such sales). Similarly, Hoen et al (2009) noted that while 

significant effects were not found across the large set of properties examined, the possibility of 

negative impacts on individual properties could not be dismissed. 

The results discussed above are similar to those of other prior studies on the effects of 

wind turbines on property values, particularly those utilizing hedonic regressions (Hoen 2006; 

Sims and Dent 2007; Sims et al 2008). However, these results differ to some degree from those 

of the recent hedonic study by Heintzelman and Tuttle (2012), which found evidence of 

significantly negative impacts of turbines on surrounding property values. But the results of this 

study were mixed, as significantly negative impacts were only observed in two of three counties 

                                                 
22

 Our dataset includes four of these properties but only two of the sales by Canadian Hydro Developers in the post-

turbine period (the other sales occurred after the study period of our analysis). However, the presence of these two 

post-turbine sales of rural residential properties, for which the nearest turbines are 200 and 800 metres away, does 

not appear to influence our results (i.e., cause estimated impacts to be significantly negative). To provide some 

context, our rural residential dataset also includes 18 other post-turbine period observations within 800 metres of 

turbines. 
23

 In fact, such appraisal evidence may be used in litigation as the basis for claims of property value loss. 
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examined, while only limited significance was observed among impacts across a set of distance 

bands specified based on proximity to turbines. Hence, these results do not differ entirely from 

our results. Heintzelman and Tuttle (2012) suggested that the variation in their results across 

counties may have arisen due to heterogeneity in consumer preferences across counties. 

Similarly, this factor may have contributed to the differences that exist between their results and 

our results. These differences may also stem from similarities between Melancthon Township 

and the county in which no significant impacts were found by Heintzelman and Tuttle (2012). 

For example, the population density of this county, which was lowest among the three counties, 

is very close to that of Melancthon Township. Perhaps negative impacts are more likely to occur 

in more densely populated areas, where a relatively greater number of properties may be 

affected. It may also be the case that impacts of wind farms vary across Ontario in a similar 

manner to the regional variation observed by Heintzelman and Tuttle (2012). Thus, the 

possibility remains that significant impacts may be observed in other areas of the province with 

wind turbines. Future research could explore this possibility. 

Based on our results and on those of related studies outlined in Table 1, it is evident that, 

with the exception of the study by Heintzelman and Tuttle (2012), findings of negative impacts 

of turbines are more likely to occur for studies using surveys than for studies based on actual 

sales data. While surveys have indicated that residents often perceive that the existence of wind 

turbines within their viewshed will reduce the value of their property, such perceptions have not 

often been corroborated by analyses of sales data, perhaps due in part to data limitations with 

respect to sales in close proximity to turbines.  

The existence of limitations in the analysis undertaken in this paper should not be 

overlooked. The results generated above are based on values of properties that have been sold. 
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However, properties for which the value may be negatively impacted by turbines may not have 

been sold. For example, in the event that a property’s value is substantially reduced as a result of 

disamenities associated with nearby turbines, the owner may be unwilling (or unable) to sell at a 

loss. On a related note, as previously discussed, the relatively low number of sales of properties 

in close proximity to turbines and with visibility ratings greater than zero represents another 

potential limitation, as this may reduce the likelihood of finding significant impacts.  

The information that can be derived from the results of this paper is of applied 

importance given the ongoing expansion of the wind energy industry in North America and 

corollary concerns raised by local residents regarding disamenity effects. Indeed, a perusal of 

articles in the popular press over the past few years related to wind turbine development in 

Ontario indicates significant concerns associated with not only the resulting viewshed but also 

with health impacts, both of which could impact property values. Thus, the lack of significant 

effects of the Melancthon wind farm is somewhat surprising, given the public outcry regarding 

the construction of these turbines.  

These results also have application for related issues with municipal property tax 

assessments, as a number of property owners in close proximity to wind farms in Ontario have 

appealed their assessment on the basis of claims of negative impacts on the value of their 

property from surrounding wind turbines. However, a recent decision by Ontario’s Assessment 

Review Board ruled against property owners that had made such an appeal, citing a lack of 

evidence of adverse impacts on property value.  
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Table 1. Overview of selected literature related to wind farms and property value effects 

Author (date) Property type 
Extent of effect 

measured 
Method Findings 

Heintzelman and Tuttle 

(2012) 
Residential 0 to 10 miles Hedonic regression 

Negative effects on property values found in 

two of three areas studied 

Hoen et al (2009) Residential 0 to 10 miles Hedonic regression No conclusive evidence of effects 

Sims et al (2008) Residential 0.5 to 1 mile Hedonic regression No significant effects observed 

Sims and Dent (2007) Residential 0.5 to 4 miles Hedonic regression No impact on property values 

Hoen (2006) Residential 
Within 1 mile; 

within 5 miles 
Hedonic regression Inconclusive  

Rayner (2007) Residential Pre-construction Price comparison No impact on property values 

Poletti (2007) 
Residential & 

Agricultural 

Target area: 

turbines visible 
Price comparison No significant effects 

Poletti (2005) Residential 
Target area: 

turbines visible 
Price comparison Inconclusive 

Sterzinger et al (2003) Residential 0 to 5 miles 
Price trend 

comparison 
No impact on property values 

Krueger et al (2011) Residential 0.9 to 9 miles 
Choice experiments 

valuation 

Costs of visual disamenity decrease with 

distance of turbines from shore 

Ladenburg and 

Dubgaard (2007) 
Residential 8 to 50 km 

Choice experiments 

valuation 

Residents willing to pay to site turbines at 

greater distances from shore 

Groothuis et al (2008) Residential 
Turbines within 

viewshed 

Survey; contingent 

valuation 

Majority believe views are harmed; require 

compensation for turbines in viewshed 

Haughton et al (2004) Residential 
Turbines visible 

offshore 

Survey; contingent 

valuation 

Opinion that view is worse; decrease in 

property values 

Khatri (2004) 
Residential & 

Agricultural 

Wind farm is 

visible 

Survey of chartered 

surveyors 

Residential values decreased; no impact on 

farms 

Sustainable Energy 

Ireland (2003) 
Residential 

Turbines visible; 

5 km  

Survey of attitudes to 

local wind farms 

Little evidence of a NIMBY effect; majority 

view wind farms favourably 

Grover (2002) Residential 
Variable – 2 miles 

to 25 miles  

Survey of tax 

assessors  
No impact on property assessments 

Thayer and Freeman 

(1987) 
Residential 

Wind farm is 

visible 

Survey of attitudes 

and impressions 
Neutral or negative reaction to appearance 
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Table 2. Numbers and percentages of sales in the post-turbine period (3 specifications) within specified distance ranges of turbines  

Distance from 

Nearest Turbine 

Rural Residential Properties Farm Properties 

Base Model Pre-Construction Post-Construction Base Model Pre-Construction Post-Construction 

# % # % # % # % # % # % 

0 to 1 km 23 0.42 30 0.55 18 0.33 8 0.50 9 0.57 6 0.38 

1 to 2 km 11 0.20 13 0.24 7 0.13 4 0.25 4 0.25 2 0.13 

2 to 3 km 17 0.31 19 0.35 10 0.18 7 0.44 11 0.69 4 0.25 

3 to 4 km 23 0.42 28 0.52 21 0.39 10 0.63 11 0.69 6 0.38 

4 to 5 km 29 0.54 33 0.61 23 0.42 11 0.69 17 1.07 9 0.57 

Total 103 1.90 123 2.27 79 1.46 40 2.52 52 3.27 27 1.70 
Note: Percentages represent numbers as a proportion of the total sample. 
 

 

Table 3. Numbers and percentages of sales in the post-turbine period (3 specifications) with each visibility rating  

Visibility Rating Rural Residential Properties Farm Properties 

Base Model Pre-Construction Post-Construction Base Model Pre-Construction Post-Construction 

# % # % # % # % # % # % 

1 9 0.17 12 0.22 10 0.18 3 0.19 4 0.25 4 0.25 

2 19 0.35 21 0.39 13 0.24 13 0.82 15 0.94 6 0.38 

3 33 0.61 41 0.76 26 0.48 16 1.01 20 1.26 11 0.69 
Note: Percentages represent numbers as a proportion of the total sample. 
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Table 4. Description and summary statistics of variables included in the hedonic models 

Variable Description Rural Residential Properties Farm Properties 

  Mean Std. Dev. Mean Std. Dev. 

Dependent Variable 
    

Sale price Sale price of property ($) 287,432.20 177,151.90 353,647.40 243,045.00 

Property Variables 
    

Lot size Size of property (acres) 6.1390 15.1026 78.9084 41.7261 

Square footage Total floor area of the house (square feet) 1,690.0160 679.8157 1,429.5930 1,092.5450 

Bathrooms Number of bathrooms 1.7529 0.7501 1.1330 0.9635 

Fireplaces Number of fireplaces 0.4941 0.6526 0.2484 0.5513 

Pool = 1 if pool exists on property 0.0573 0.2324 
  

Air = 1 if house is air conditioned 0.2152 0.4110 
  

Quality House quality index (0-10) 6.1231 0.7145 
  

Building value Value of all secondary buildings on the property ($) 15,112.9700 19,881.0900 31,271.5100 51,229.0200 

Water/sewer = 1 if water and sewer services exist on property 
  

0.7874 0.4093 

Class 1 land Total area of Class 1 land (acres) 
  

12.4418 27.1218 

Class 2 land Total area of Class 2 land (acres) 
  

34.8607 34.0552 

Wooded area Total wooded area (acres) 
  

8.4696 15.5694 

Location Variables 
    

Commercial = 1 if property abuts a commercial property 0.0216 0.1454 
  

Highway Distance to nearest highway interchange (km) 51.6053 20.2351 
  

City Distance to the nearest city (km) 21.7040 14.1423 26.3604 14.3842 

Adjala = 1 if property is in the township of Adjala-Tosorontio 0.1745 0.3796 0.0692 0.2538 

Amaranth = 1 if property is in the township of Amaranth 0.0643 0.2453 0.0698 0.2549 

Clearview = 1 if property is in the township of Clearview 0.1655 0.3717 0.1358 0.3427 

East Garafraxa = 1 if property is in the township of East Garafraxa 0.0425 0.2017 0.0491 0.2161 

East Luther = 1 if property is in the township of East Luther Grand Valley 0.0153 0.1229 0.0308 0.1729 

Grey Highlands = 1 if property is in the township of Grey Highlands 0.1376 0.3445 0.1767 0.3816 

Melancthon = 1 if property is in the township of Melancthon 0.0600 0.2376 0.0667 0.2495 

Mono = 1 if property is in the township of Mono 0.1047 0.3062 0.0673 0.2506 

Mulmur = 1 if property is in the township of Mulmur 0.0687 0.2530 0.0503 0.2187 

Southgate = 1 if property is in the township of Southgate 0.0539 0.2259 0.1528 0.3599 

Wellington = 1 if property is in the township of Wellington North 0.1129 0.3164 0.1314 0.3380 
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Table 4. Description and summary statistics of variables included in the hedonic models (cont’d) 

Variable Description Rural Residential Properties Farm Properties 

  Mean Std. Dev. Mean Std. Dev. 

Time Variables 
    

Y2002 = 1 if property sold in the year 2002 0.1337 0.3404 0.1616 0.3682 

Y2003 = 1 if property sold in the year 2003 0.1431 0.3503 0.1616 0.3682 

Y2004 = 1 if property sold in the year 2004 0.1304 0.3368 0.1629 0.3694 

Y2005 = 1 if property sold in the year 2005 0.1328 0.3394 0.1447 0.3519 

Y2006 = 1 if property sold in the year 2006 0.1169 0.3214 0.1132 0.3169 

Y2007 = 1 if property sold in the year 2007 0.1356 0.3424 0.1044 0.3059 

Y2008 = 1 if property sold in the year 2008 0.0964 0.2952 0.1327 0.3394 

Y2009 = 1 if property sold in the year 2009 0.0996 0.2994 0.0189 0.1361 

Y2010 = 1 if property sold in the year 2010 0.0115 0.1064 
  

January = 1 if property sold in the month of January 0.0467 0.2111 0.0535 0.2250 

February = 1 if property sold in the month of February 0.0408 0.1979 0.0459 0.2094 

March = 1 if property sold in the month of March 0.0587 0.2352 0.0673 0.2506 

April = 1 if property sold in the month of April 0.0739 0.2616 0.1088 0.3115 

May = 1 if property sold in the month of May 0.0888 0.2845 0.1013 0.3018 

June = 1 if property sold in the month of June 0.1084 0.3109 0.1063 0.3083 

July = 1 if property sold in the month of July 0.1114 0.3146 0.0786 0.2692 

August = 1 if property sold in the month of August 0.1226 0.3281 0.0836 0.2769 

September = 1 if property sold in the month of September 0.0896 0.2856 0.0887 0.2844 

October = 1 if property sold in the month of October 0.1007 0.3009 0.1038 0.3051 

November = 1 if property sold in the month of November 0.0839 0.2772 0.0950 0.2933 

December = 1 if property sold in the month of December 0.0630 0.2430 0.0673 0.2506 
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Table 5. Estimated coefficients for the hedonic models for rural residential properties 

Variable Model 1 Model 2 Model 3 

 Coefficient Std Err Coefficient Std Err Coefficient Std Err 

Turbine Variables          

Proximity 0.0165  0.0187    0.1782 0.1480 

Visibility    -0.0092  0.0141 -0.0241 0.0191 

Proximity*Visibility       -0.0455 0.0488 

Property Variables         

ln(Lot size) 0.1348 *** 0.0070 0.1349 *** 0.0070 0.1348 *** 0.0070 

ln(Square footage) 0.2794 *** 0.0224 0.2787 *** 0.0224 0.2795 *** 0.0224 

Bathrooms 0.0093  0.0111 0.0094  0.0111 0.0095  0.0111 

Fireplaces 0.0598 *** 0.0096 0.0596 *** 0.0096 0.0599 *** 0.0096 

Pool 0.0704 ** 0.0277 0.0702 ** 0.0277 0.0703 ** 0.0276 

Air 0.0173  0.0157 0.0171  0.0157 0.0172  0.0157 

Quality 0.1381 *** 0.0130 0.1382 *** 0.0130 0.1378 *** 0.0130 

ln(Building value) 0.0075 *** 0.0018 0.0075 *** 0.0018 0.0075 *** 0.0018 

Location Variables          

Commercial -0.1007 *** 0.0362 -0.1008 *** 0.0362 -0.1010 *** 0.0362 

ln(Highway) -0.0620 * 0.0362 -0.0611 * 0.0362 -0.0627 * 0.0363 

ln(City) -0.0671 *** 0.0085 -0.0670 *** 0.0085 -0.0674 *** 0.0085 

          

Constant 9.2178 *** 0.2389 9.2166 *** 0.2389 9.2229 *** 0.2393 

          

R-squared 0.5654   0.5654   0.5656   

Number of Sales 5,414   5,414   5,414   
Note: Asterisks (***, **, *) indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 
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Table 6. Estimated coefficients for the hedonic models for farm properties 

Variable Model 1 Model 2 Model 3 

 Coefficient Std Err Coefficient Std Err Coefficient Std Err 

Turbine Variables          

Proximity 0.0113  0.0668    -0.7543  0.4600 

Visibility    0.0246  0.0246 0.0202  0.0319 

Proximity*Visibility       0.2478  0.1558 

Property Variables          

ln(Lot size) 0.2742 *** 0.0262 0.2743 *** 0.0262 0.2738 *** 0.0262 

ln(Square footage) 0.0366 *** 0.0087 0.0365 *** 0.0087 0.0363 *** 0.0086 

Bathrooms 0.0945 *** 0.0250 0.0944 *** 0.0250 0.0936 *** 0.0250 

Fireplaces 0.0868 *** 0.0247 0.0871 *** 0.0248 0.0883 *** 0.0248 

ln(Building value) 0.0174 *** 0.0043 0.0175 *** 0.0043 0.0174 *** 0.0042 

Water/sewer 0.0975 ** 0.0493 0.0984 ** 0.0494 0.0988 ** 0.0493 

Class 1 land 0.0035 *** 0.0005 0.0035 *** 0.0005 0.0035 *** 0.0005 

Class 2 land 0.0015 *** 0.0004 0.0015 *** 0.0004 0.0015 *** 0.0004 

Wooded area -0.0010  0.0007 -0.0010  0.0007 -0.0009  0.0007 

Location Variables          

ln(City) -0.1327 *** 0.0271 -0.1338 *** 0.0271 -0.1326 *** 0.0272 

          

Constant 10.8291 *** 0.1389 10.8328 *** 0.1389 10.8220 *** 0.1393 

          

R-squared 0.6116   0.6117   0.6127   

Number of Sales 1,590   1,590   1,590   
Note: Asterisks (***, **, *) indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 
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Table 7. Comparison of the coefficients for the turbine variables across alternate model specifications for rural 

residential properties (standard errors in parentheses) 
 1 2 3 4 5 6 7 8 

Turbine  Primary Alternate Post-Turbine Periods Distance Band SAR Model Repeat Sales Turbine Density 

Variable Model Pre-Constr. Post-Constr. Specification    2 km 5 km 

                 

Proximity 0.0165  -0.0274  0.0058    0.0150  0.0300      

 (0.0187)  (0.0335)  (0.0192)    (0.0158)  (0.1046)      

Band 0-1 km       0.0390          

       (0.0442)          

Band 1-3 km       -0.0501          

       (0.0478)          

Band 3-5 km       -0.0452          

       (0.0513)          

Density 2 km             0.0044    

             (0.0032)    

Density 5 km               0.0001  

               (0.0008)  

                 

R-squared 0.5654   0.5655   0.5654   0.5655   0.5901   0.8098  0.5655  0.5654  

Note: Asterisks (***, **, *) indicate statistical significance at the 1%, 5%, and 10% levels, respectively.  
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Table 8. Comparison of the coefficients for the turbine variables across alternate model specifications for farm properties 

(standard errors in parentheses) 
 1 2 3 4 5 6 7 8 

Turbine  Primary Alternate Post-Turbine Periods Distance Band SAR Model Repeat Sales Turbine Density 

Variable Model Pre-Constr. Post-Constr. Specification    2 km 5 km 

                 

Proximity 0.0113  0.0183  0.0006    0.0318  -0.6112      

 (0.0668)  (0.0504)  (0.0812)    (0.0620)  (0.5570)      

Band 0-1 km       -0.0579          

       (0.1144)          

Band 1-3 km       0.0694          

       (0.0921)          

Band 3-5 km       -0.1366          

       (0.1401)          

Density 2 km             0.0019    

             (0.0092)    

Density 5 km               0.0008  

               (0.0023)  

                 

R-squared 0.6116   0.6116   0.6116   0.6122   0.6315   0.9398  0.6116  0.6116  

Note: Asterisks (***, **, *) indicate statistical significance at the 1%, 5%, and 10% levels, respectively.  
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Fihis study investigates a common concern of 

people who live near planned or operating wind 

developments: How might a home's value be affected 

by the turbines? Previous studies on this topic, 

which have largely coalesced around non-significant 

findings, focused on rural settings. Wind facilities in 

urban I locations could produce markedly different 

results. Nuisances from turbine noise and shadow 

flicker might be especially relevant in urban settings, 

where negative features, such as landfills or high 

voltage utility lines, have been shown to reduce 

home prices. To determine if wind turbines have a 

negative impact on property values in urban settings, 

this report analyzed more than 122,000 home sales, 

between 1998 and 2012, that occurred near the 

current or future location of 41 turbines in densely

populated Massachusetts communities. 

The results of this study do not support the claim 

that wind turbines affect nearby home prices. 

Although the study found the effects from a variety 

of negative features (such as electricity transmission 

lines and major roads) and positive features (such 

as open space and beaches) generally accorded with 

previous studies, the study found no net effects due to 

the arrival of turbines in the sample's c0111munities. 

Weak evidence suggests that the announcement 

of the wind facilities had a modest adverse impact 

on home prices, but those effects were no longer 

apparent after turbine construction and eventual 

operation commenced. The analysis also showed no 

unique impact on the rate of home sales near wind 

turbines. These conclusions were the result of a 

variety of model and sample specifications detailed 

later in this report. 

Figure 1: Summary of Amenity, Disamenity and Turbine Home Price Impacts 

II Statistically Significant Effect 

Statistically Insignificant Effect 

I 

Landfills* -12.2% 

Electricity Transmission Lines** -9.3% 

Highways** -5.3% 

Prisons* -2.0% 

Major Roads** -2.0% 

Open Space* 0.9% 

:J¥\d,i¥WFi-¥1-
Beac:hfront** 25.9% 

Operating Turbines* 0.5% 
___ __I_ 

5% 10% 15°/o 

I 
20% 

J 

25% 

Distance to MA Homes; >! within 1/2 mile; *>! within 500 feet 

·1hc term "urban" in this document includes both urban and 
suburban areas. 

f{elationship between Wind Turbines and Rcsidontial Property Values in Massachusetts 
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Wind power generation has grown rapidly in recent 

decades. In the United States, wind development 

centered initially on areas with relatively sparse 

populations in the Plains and West. Increasingly, 

however, wind development is occurring in more 

populous, urbanized areas, prompting additional 

concerns about the effects of wind turbine 

construction on residents in those areas. 

One important concern is the potential for wind 

turbines to create a "nuisance stigma" -due to 

turbine-related noise, shadow flicker, or both-that 

reduces the desirability and thus value of nearby 

homes. Government officials who are called on to 

address this issue need additional reliable research 

to inform regulatory decisions, especially for 

understudied populous urban areas. Our study 

helps meet this need by examining the relationship 

between home prices and wind facilities in densely

populated Massachusetts. 

A variety of methods can be used to explore the 

effects of wind turbines on home prices. Statistical 

analysis of home sales, using a hedonic model, is the 

most reliable methodology because it (a) uses actual 

housing market sales data rather than perceptions of 

potential impacts; (b) accounts for many of the other, 

potentially confounding, characteristics of the home, 

site, neighborhood and market; and (c) is flexible 

enough to allow a variety of potentially competing 

aspects of wind development and proximity to be 

tested simultaneously. Previous studies using this 

hedonic modeling method largely have agreed that 

post-construction home-price effects (i.e.> changes 

in home prices after the construction of nearby wind 

turbines) are either relatively small or sporadic. A few 

studies that have used hedonic modeling, however, 

have suggested significant reductions in home prices 

after a nearby wind facility is announced but before it 

is built (i.e., post-announcement, pre-construction) 

owing to an "anticipation effect:' Previous research 

in this area has focused on relatively rural residential 

areas and larger wind facilities with significantly 

greater numbers of turbines. 

This previous research has done much to illuminate 

the effects of wind turbines on home prices, but 

a number of important knowledge gaps remain. 

Our study helps fill these gaps by exploring a large 

dataset of home sales occurring near wind turbine 

locations in Massachusetts. We analyze 122,198 

arm's-length single-family home sales, occurring 

between 1998 and 2012, within 5 miles of 41 wind 

turbines in Massachusetts. The home sales analyzed 

in this study occurred in one of four periods based 

on the development schedule of the nearby turbines 

(see Figure 2). 2 To estimate the effect proximity 

to turbines has on home sale prices, we employ a 

hedonic pricing model in combination with a suite 

of robustness tests3 that explore a variety of different 

model specifications and sample sets, organized 

around the following five research questions: 

2 The analysis focuses on the 41 turbines in Massachusetts that are 
larger than 600 kilowatt and that were operating as of November 

2012. 

3 'Jhese tests included a comparison of a "base" model to a set of 
different models, each with slightly different assumptions, to 
explore the robustness of the study's findings. 
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Figure 2: Wind Turbine Development Periods Studied 

Report Compares Transactions That Each Took 
Place in One of Four Development Periods 

> 2 years before 
turbine announcement 

Within 2 years of 
turbine announcement 

Q 1) Have wind facilities in Massachusetts been 

located in areas where average home prices 

were lower than prices in surrounding areas 

(i.e., a "pre-existing price differential")? 

Q2) Are post-construction (i.e., after wind-facility 

construction) home price impacts evident 

in Massachusetts and how do Massachusetts 

results contrast with previous results 

estimated for more rural settings? 

Q3) Is there evidence of a post-announcement/ 

pre-construction effect (i.e., an "anticipation 

effect")? 

After turbine 
announcement/before 

construction 
After turbine 

construction begins 

Q4) How do impacts near turbines compare to the 

impacts of amenities and disamenities also 

located in the study area, and how do they 

compare with previous findings? 

QS) Is there evidence that houses near turbines 

that sold during the post-announcement and 

post-construction periods did so at lower 

rates (i.e., frequencies) than during the pre

announcement period? 

!-fohitionship between Wind Turbines <ind Residential Property Values in !V!ast.<ichusetts 
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The study makes five major unique contributions: 

1. It uses the largest and most comprehensive 

dataset ever assembled for a study linking wind 

facilities to nearby home prices. 4 

2. It encompasses the largest range of home sale 

prices ever examined. 5 

3. It examines wind facilities in urban areas 

(with relatively high-priced homes), whereas 

previous analyses have focused on rural areas 

(with relatively low-priced homes). 

4. It largely focuses on wind facilities that contain 

fewer than three turbines, while previous studies 

have focused on large-scale wind facilities (i.e., 

wind farms). 

5. Our modeling approach controls for seven 

environmental amenities and disamenities 

in the study area, allowing the effect of wind 

facilities to be compared directly to the effects 

of these other factors. 

The models perform exceptionally well given the 

volatility in the housing market during the study 

period, with an adjusted-R' of approximately 0.806 

4 

5 

6 

Four of the most commonly cited previous studies (Carter, 2011; 
Heintzelman and Tuttle, 2012; Hinman, 2010; and Hoen ct al., 
2011) analyzed a combined total of23,977 transactions, whereas 
lhe present study analyzes more than five times that number. 

Existing studies analyzed the impact of wind turbines on homes 
with a median price of less than $200,000, whereas the current 
study examines houses with a median price of $265,000 for the 
122,198 observations located within 5 miles of a wind turbine 
(with values ranging from $40,200 to $2,495,000). 

In slatislics, Lhc coc!licient of <lelermination, denoted IF 
(pronounced "R squared"), indicates how well data points fit 
a line, curve or, in our case, a regression estimation. An R2 of l 
indkates that the regression line perfectly fits the data. 

and highly statistically significant' and appropriately 

signed controlling parameters ( e.g., square feet, 

acres, and age of home at the time of sale). The 

amenity and disamenity variables (proximity to 

beaches, open space, electricity transmission lines, 

prisons, highways, major roads, and landfills) are 

significant in a large portion of the models and 

appropriately signed-indicating that the models 

discern a strong relationship between a home's 

environment and its selling price-and generally 

accord with the results of previous studies. To test 

whether the results of the analysis would change if 

the model was specified in a different way, or run 

using a differently-specified dataset, we ran a suite 

of robustness tests. The results generated from 

the robustness tests changed very little, suggesting 

that our approach is not dependent on the model 

specification or the data selection. 

The results do not support the claim that wind 

turbines affect nearby home prices. Despite the 

consistency 

controlling 

results for 

of statistical significance with the 

variables, statistically significant 

the variables focusing on proximity 

to operating turbines are either too small or too 

sporadic to be apparent. Post-construction home 

prices within a half mile of a wind facility are 0.5% 

higher than they were more than 2 years before 

the facility was announced (after controlling for 

7 Statistical significance allows one to gauge how likely sample 
data are to exhibit a definitive pattern rather than, instead, have 
occurred by chance alone. Significance is denoted by a p-value 
(or "probability" value) which can range between O and 1. A very 
low p-valuc, for example <0.001, is considered highly unlikely (in 
this case with a probability of Jess than 0.1 %) to have occurred 
by chance. In general, an appropriate p-va!ue is chosen by the 
researchers consistent with the area of research being conducted, 
under which results are considered "significant" and over which 
are considered "non-significant". For the purposes of this research, 
a p-value of 0.10 or below is considered "statistically significant", 
with p-values between 0. IO and 0.05 being "weakly statistically 
significant'; between 0.05 and O.Dl being "significant'; and below 
0.01 being "highly statistically significant". 

lfol.itio11ship hdwu1J1·1 Wind Tu1·bines and fkskkmtia! Property Value:, in MassachuseHs 4 
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What Is a Hedonic 
Pricing Model? 
Hedonic pricing models are frequently used by economists 

and real estate professionals to assess the impacts of house 

and community characteristics on property values by 

investigating the sales prices of homes. A house can be 

thought of as a bundle of characteristics ( e.g., number of 

square feet, number of bathrooms, the size of the parcel). 

When a price is agreed upon by a buyer and seller there is an 

implicit understanding that those characteristics have value. 

When data from a large number of residential transactions 

are available, the individual marginal contribution to the 

sales price of each characteristic for an average home can 

be estimated with a hedonic regression model. Such a 

model can statistically estimate, for example, how much an 

additional bathroom adds to the sale price of an average 

home. A particularly useful application of the hedonic 

model is to value non-market goods-goods that do not 

have transparent and observable market prices. For this 

reason, the hedonic model is often used to derive value 

estimates of amenities such as wetlands or lake views, 

and disamenities such as proximity to and/or views of 

high voltage transmission lines, roads, cell phone towers, 

landfills. It should be emphasized that the hedonic model 

is not typically designed to appraise properties (i.e., to 

establish an estimate of the market value of one home at a 

specified point in time) as would a bank appraisal, which 

would generally be only applicable to that particular home. 

Instead, the typical goal of a hedonic model is to accurately 

estimate the marginal contribution of individual or groups 

of characteristics across a set of homes, which, in genera!i 

allows stakeholders to understand if widely applicable 

relationships exist. 

market inflation/deflation). This difference is not 

statistically significant. Post-announcement, pre

construction home prices within a half mile are 

2.3% lower than their pre-announcement levels 

(after controlling for inflation/deflation), which 

is also a non-significant difference, though one of 

the robustness models suggests weak evidence that 

wind-facility announcement reduced home prices. 

An additional tangential, yet important, result of 

the analysis is the finding of a statistically significant 

"pre-existing price differential": prices of homes 

that sold more than 2 years before a future nearby 

wind facility was announced were 5.1 % lower than 

the prices of comparable homes farther away from 

the future wind location. This indicates that wind 

facilities in Massachusetts are associated with areas 

where land values are lower than the surrounding 

areas, and, importantly, this "pre-existing price 

differential" needs to be accounted for in order to 

correctly n1easure the "post construction" ilnpact of 

the turbines. Finally, our analysis finds no evidence 

of a lower rate (i.e., frequency) of home sales near 

the turbines. 

As discussed in the literature review, the effects 

of wind turbines may be somewhat context 

specific. Nevertheless, the stability of the results 

across models and across subsets of the data, 

and the fact that they agree with the results of 

existing literature, suggests that the results may be 

generalizable to other U.S. communities, especially 

where wind facilities are located in more urban 

settings with relatively high-priced homes. These 

results should inform the debate on actual impacts 

to communities surrounding turbines. Additional 

research would augment the results of this study 

and previous studies, and our report concludes with 

reconunendations for future work. 

Re!:itionshlp between Wind Turbines and ffosidenfail Property Values in Massochusetts 
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Growing concern about global climate change and 

energy security are pr0111pting reconsideration of 

how energy-particularly electricity-is generated, 

transmitted, and consumed in the United States 

and across the globe (Ekins, 2004; Devine

Wright, 2008; Pasqualetti, 2011). Internationally, 

greater use of renewable wind energy to mitigate 

the threat of climate change has broad-based 

support, primarily because, once facilities are 

constructed, wind power emits no greenhouse 

gases (Hasselmann et al., 2003; Watson, 2003; 

Jager-Waldau and Ossenbrink, 2004). Many 

jurisdictions have set ambitious renewable energy 

goals, targeting 20% to 33% of their electricity to 

be generated by renewable sources by 2020 (see 

for example, the European Union target of 20% 

EU, 2012 and California's updated RPS goal of 

33%). Wind energy offers several advantages over 

other low-emission alternatives such as nuclear 

power and large-scale hydropower projects, but 

the siting of wind projects remains controversial 

in many countries (Firestone and Kempton, 2007; 

Moragues-Faus and Ortiz-Miranda, 2010; Nadai 

and van der Horst, 2010; Wolsink, 2010). 

Figure 3: Map of Massachusetts Turbines included in study (through November 

2012) and U.S. Wind Turbines through 2011 and population densities 

Population Density in US and Massachusettes (2005 pop per sq. mile) 

Legend 

+ Turbines 

Counli&s 

POP05_SQMI 

0<20 

D20-5o 

lil!so-100 
111100-soo 
->500 

O 20 40 60 Miles 
---------------------~f--t--+-+---l---i--t--+-1 

Source: Lawrence Berkeley National Laboratory, FAA, Ventyx, US Census Bureau, MassCEC 
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In the United States, large-scale wind installations 

have tended to be built in sparsely populated 

locations in the Plains and West (Figure 3). Given 

that many existing turbines have been located 

in fairly rural areas, opposition to wind power 

has largely been attributed to concerns about 

the transformation of natural landscapes into 

"landscapes of power" (Pasqualetti et al., 2002 p. 3). 

Some have extended this place-based perspective 

and framed the wind-energy debate as being a 

new kind of environmental controversy, which 

divides environmentalists of different persuasions 

who attach contrasting priority to global and local 

concerns (see for example Warren et al., 2005). 

Others have delved more deeply into the discourse 

surrounding renewable energy projects in general, 

and wind-energy projects specifically, and pointed 

out that, depending on the narrative, they can be 

portrayed as representing either development or 

conservation, localization or globalization (van dcr 

Horst and Vermeylen, 2011). 

Regardless of what is driving community attitudes 

towards wind power, government at all spatial scales 

needs to navigate the complex political terrain of 

introducing public policies that reduce carbon 

emissions and fossil fuel dependency in ways that 

simultaneously protect private property rights and 

meet with the community's approval (Jepson et al., 

2012; Slattery et al., 2012). As such, one of the roles 

of government is to support independent research 

to characterize and communicate the potential 

impacts that public policy decisions, for example for 

wind facilities, may have on the price of surrounding 

private property. Existing studies of the effect that 

wind turbines have had on the price of residential 

properties have tended to focus on large-scale 

wind farms located in rural settings, because this is 

where the majority of projects have been developed. 

To date, no large-scale studies have focused on 

smaller-scale facilities in more urban settings, 

but Massachusetts affords such an opportunity. 

Massachusetts also has relatively high-priced homes 

near turbines compared to homes near turbines in 

other, less urban parts of the country. 

Massachusetts has regions with substantial wind 

resources and strong policies that support the 

adoption of clean energy. Its first utility-scale ( 600 

kW and larger) wind turbine was installed in Hull 

in 2001. Since then, wind generation capacity 

has increased substantially. As of January 2013, 

Massachusetts had 42 wind projects larger than 100 

kW, consisting of 78 individual turbines totaling 99 

MW of capacity. This compares to less than 3 MW 

in Rhode Island and Connecticut combined (Wiser 

and Bolinger, 2012). Turbines have been located in 

a variety of settings across the state, including the 

mountainous Berkshire East Ski Resort, heavily 

urbanized Charlestown, and picturesque Cape Cod. 

The average gross population density surrounding 

the Massachusetts turbines (approximately 416 

persons per square mile, based on 2005 population 

levels and turbines as of 2012) far exceeds the 

national average of approximately 11 persons per 

square mile around turbines (Hoen, 2012). 

In this study, we analyze the effect of Massachusetts' 

wind turbines larger than 600 kilowatts (kW) of 

rated capacity on nearby home prices to inform the 

debate about the siting and operation of smaller

scale, wind projects across a broad range ofland use 

types in high-home-value areas of the United States. 

Our study makes five major unique contributions: 

!~(,lationship bctwee11 Wind Turbine:, and Rcsidi:mti,1! Property Values in Massachusetts 
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1. It uses the largest and most comprehensive 

dataset ever assembled for a study linking wind 

facilities to nearby home prices. 11 

2. It encompasses the largest range of home sale 

prices ever examined. 9 

3. It examines wind facilities in areas across a range 

ofland use and zoning types from rural to urban/ 

industrial (with relatively high-priced homes), 

whereas previous analyses have focused on rural 

areas (with relatively low-priced homes). 

4. It largely focuses on wind facilities that contain 

fewer than three turbines) while previous studies 

have focused on large-scale wind facilities. 

5. Our modeling approach controls for seven 

environmental amenities and disamenities 

8 Four of the most commonly cited previous studies (Carter, 2011; 
Hl'intzelman and 'Ihttle, 2012; Hinman, 2010; and Hoen et al., 
2011) analyzed a combined total of 23,977 transactions, whereas 
the present study analyzes more than five times that number. 

9 Existing studies analyzed the impact o(wind turbines on homes 
with a median price of less than $200,000, whereas the current 
study examines houses with a median price of $265,000 for the 
122,198 observations located within 5 miles of a wind turbine 
(with values ranging from $40,200 to $2,495,000) and a median 
price for the 312,674 observations located within 10 miles of a 
wind turbine of $287,000 (with values ranging from $41,!00 to 
$2,499,000). 

in the study area, allowing the effect of wind 

facilities to be compared directly to the effects 

of these other factors. 

The remainder of this report is organized as follows. 

The next section (Section 2) reviews literature 

related to public opposition to and support for wind 

turbines, the hypothetical stigmas associated with 

turbines near homes, policies and guidelines which 

address the siting and operation of wind facilities, 

ways to quantify whether turbines are a disamenity, 

and the impact on home values of other types 

of environmental amenities and disamenities

followed by a discussion of gaps in the literature. 

Section 3 presents our empirical analysis, including 

descriptions of the study area, data, methods, and 

results. The final section (Section 4) discusses the 

findings, provides preliminary conclusions, and 

offers suggestions for future research. 

f?clc1tion:;hip lv,1-wetin Wind Turbines and l~esidcntlnl Prnpe1·ty Values in Massachusetts 
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2.1 Public Acceptance of and 
Opposition to Wind Energy 

Wind energy is one of the fastest growing sources 

of power generation in the world, and public and 

political support for it are generally strong (Ek, 

2005; Graham et al., 2009). Despite this strong 

support, the construction of wind projects provokes 

concerns about local impacts (Toke et al., 2008; 

Jones and Eiser, 2009; Devine-Wright and Howes, 

2010; Jones and Eiser, 2010; Moragues-Faus and 

Ortiz-Miranda, 2010; Wolsink, 2010; Pasqualetti, 

2011). Thus, some researchers have studied the 

factors shaping public attitudes toward wind 

energy and renewable energy technologies in 

general (see for example Devine-Wright, 2005; 

Firestone and Kempton, 2007; Pedersen et al., 

2007; Wolsink, 2007; Devine-Wright, 2009; Jones 

and Eiser, 2009; Devine-Wright and Howes, 2010; 

Jones and Eiser, 2010; Swofford and Slattery, 2010; 

Brannstrom et al., 2011; Devine-Wright, 2011). 

Others have downplayed the importance of local 

opposition to wind energy in hindering wind's 

expansion, pointing instead to hindrances related 

to institutional barriers, such as how wind energy 

projects are funded, and the heavy handedness of 

"legislate, announce, defend" approaches to siting 

turbines (Wolsink, 2000). 

In the early stages of wind development, opposition to 

wind turbines was often simplistically conceptualized 

as NIMBY-ism, with NIMBY ("not in my backyard") 

referring to people opposing the local installation 

of technologies they otherwise support in principle 

(Devine-Wright, 2005; Wolsink, 2007; Devine-Wright, 

2009). More recently, researchers have suggested that 

the factors shaping public sentiment towards renewable 

energy technologies are much more complex than 

the concept of NIMBY-ism suggests. Of note is the 

quantitative research aimed at understanding public 

attitudes towards wind farms in the Netherlands 

conducted by Wolsink (2007). His work, and the 

work of others (e.g., Devine-Wright, 2012), which is 

grounded in theories from social psychology, found 

that public attitudes towards wind projects were shaped 

by perceptions of risk and equity. Based on these 

findings, Wolsink concluded that a collaborative

rather than a "top-down'' -approach to siting wind 

farms was the most likely to produce positive outcomes. 

These findings were echoed in an examination of 

public attitudes towards wind turbine construction 

in Sheffield, England, where researchers found little 

evidence of NIMBY-ism in respondents living close to 

proposed developments compared to a control group 

(Jones and Eiser, 2009). Rather, opposition could be 

attributed to uncertainty regarding the details of the 

facilities being constructed, which underscores the 

importance of continued and responsive community 

involvement in siting wind turbines. 

Some researchers have studied whether communities 

are more accepting of wind turbines if the facilities are 

commnnity owned (Warren and McFadyen, 2010). 

Comparing attitudes towards wind farms on two 

islands in Scotland, one community owned and one 

not, the researchers discovered that residents near the 

community owned facilities had a much more positive 

perception of the facilities. Locals affectionately 

referred to their wind turbines as "The Three 

Hcl;itionship between Wind Turbines ~md lfosidenfo:11 Property Values in Mass;schusetts 
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Dancing Ladies;' which the researchers interpreted 

as indicating the positive psychological effects of 

community ownership. Warren and Mcfadyen (2010) 

concluded that a change of development model 

towards community ownership could improve public 

attitudes towards wind farms in Scotland. 

Another strand of research has focused on community 

perceptions before and after wind-facility construction. 

Some studies showed that local people become more 

supportive of wind facilities after they have been 

constructed (Wolsink, 2007; Eltham et al., 2008; Walker 

et al., 2010) and that the degree of support increases 

with proximity to the facilities (Braunholtz and MORI, 

2003; Warren et al., 2005; Slattery et al., 2012). 

2.2 Hypothetical Stigmas 
Associated with Wind Turbines 

To understand the basis of public opposition to 

wind facilities, researchers have hypothesized the 

existence of three types of stigma that might be 

associated with these facilities (Hoen et al., 2011). 

An "area stigma" would be a concern that wind

turbine construction will alter the rural sense of 

place; this resonates with the suggestion made by 

Pasqualetti et al. (2002) that people object to the 

creation of "landscapes of power." This is distinct 

from a "scenic vista stigma;' the possible concern 

that homes might be devalued because of the view 

of a wind facility. Finally, a "nuisance stigma" would 

be associated with people located near turbines 

who might be affected by the turbines' noise and 

shadow flicker,'" which fade quickly with distance. 

Our study focuses on the potential existence of a 

nuisance stigma by searching for turbine- related 

10 Shadow 11kker occurs when the sun is behind rotating turbine 
blades and produces an intermittent shadow. 

impacts on the sale of homes located a short 

distance away. However, if they exist, the effects of 

all three stigma types hypothetically could interact, 

and all are described briefly below. 

The spatial and temporal combinations of community 

and wind-facility characteristics that might produce 

one or more of these stigmas are not entirely clear. 

Theoretically, an area stigma would have the largest 

geographic impact, although its exact reach would 

depend on the spatial distribution and types of land 

use in the surrounding area. In their comprehensive 

analysis, Hoen et al. (2009, 2011) were unable to 

uncover area stigma effects across their large set of U.S. 

wind facilities. Recent research has suggested, however, 

that this type of stigma depends on the "place identity" 

oflocal residents (Pedersen et al., 2007; Devine-Wright, 

2009; Devine-Wright and Howes, 2010). Forthosewho 

view the countryside as a place for economic activity and 

technological development or experimentation, which 

is potentially consistent with the locations studied in 

Hoen et al. (2009, 20ll), wind turbines might not carry 

a stigma because they could represent a new use for 

the land, and the turbine sounds and sights might be 

insignificant in the context of existing machinery and 

land practices. Conversely, rural residents who view the 

countryside as a place for peace and restoration might 

oppose turbines even if they do not live near them. The 

"place identity" of the landscape likely varies among 

wind facility- locations and among individuals in those 

locations, 1naldng some local residents more accepting 

of turbines than others. 

Acceptance of turbines might also relate to their 

economic benefits. For example, a study in West 

Texas and Iowa found that community members 

had positive impressions of large-scale wind facilities 

built to generate long-term social and economic 

benefits, including creation of a local industry that 

i{r,l;itin11shi1) h1Hwricn Wind Turbines and f'fosidential Property Values in fVfossachusetts 10 
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brought jobs and increased property values as well as 

increased tax revenue that benefited the community 

and schools (Slattery et al., 2012; Kahn, 2013). These 

findings conform to other research suggesting that 

equitable distribution of economic benefits is a key 

method of increasing local support for turbines 

(Pasqualetti et al., 2002) and that the perception of 

how tax benefits will be shared locally can influence 

people's acceptance of wind projects (Toke, 2005; 

Brannstrom et al., 2011). Economic factors appear 

to be more of a consideration where the economy 

is perceived to be in decline (Toke et al., 2008); this 

finding is echoed in studies of other environmental 

disamenities that show that communities are more 

willing to accept facilities if jobs are associated with 

them (Braden et al., 2011). Many of these studies were 

conducted in rural areas, thus their findings may 

not be generalizable to more urban settings, where 

community reactions might be entirely different. 

Similarly, if a scenic vista stigma exists, it might have 

different levels of impact depending on wind-facility 

locations, the place identity of nearby residents, and 

the distance of residents from the turbines. Hoen et 

al. (2009, 2011) meticulously examined effects from 

views of turbines at many difterent spatial scales and 

predicted levels of impacts in rural areas, but they 

found no evidence of impacts to support the scenic 

vista stigma claim. However, an urban setting might 

connote different landscape values and therefore 

generate different reactions to turbines and produce 

different effects on home values. For example, Sims et al. 

(2008) found weak evidence that a house's orientation 

to a wind facility (and therefore the prominence of the 

view of the turbines) affected its sales price in Cornwall, 

United Kingdom, an area of relatively high population." 

11 As of 2011, Cornwall had a population density of390 persons per 
square mile. (See http://en.wikipedia.org/wiki/Cornwall) 

More than the other stigma types, any potential wind

related nuisance stigma would depend on the close 

proximity of residents to turbines and likely would 

have the most constrained spatial scale. Two studies 

in Germany evaluated more than 200 participants 

living near wind turbines with regard to shadow 

flicker exposure, stress, behaviors, and coping and 

found that stress levels and annoyance increased the 

closer people were to wind turbines in all directions 

(Pohl et al., 1999, 2000). Similarly, wind turbine 

noise, which is less direction dependent than shadow 

flicker, might have an even greater impact on stress 

levels. Studies have shown that residents experience 

genuine annoyance and stress responses to "normal" 

turbine noise levels (Pedersen and Waye, 2007), 

perceiving the noise as an intrusion into their space 

and privacy, especially at night (van den Berg, 2004; 

Pedersen et al., 2007) and when the turbines can 

be seen (Pedersen and Waye, 2007). Governments 

around the world have addressed potential turbine

related nuisances via regulations and guidelines) 

which are discussed in the next subsection. 

2.3 Policies and Guidelines 
Which Address the Siting and 
Operation of Wind Facilities 

Noise is the most pron1inent potential nuisance 

associated with wind turbines and thus has been 

the focus of much regulatory effort. The quality and 

magnitude of sound produced by turbines results 

from the complex interaction of numerous variables) 

such as the size and design of the turbine as well as the 

wind speed and direction, temperature gradients that 

affect wind turbulence, and vertical and directional 

wind shear (Hubbard and Shepherd, 1991; Berglund 

et al., 1996; Oerlemans et al., 2006; Pedersen et al., 

2010; Bolin et al., 2012; Wharton and Lundquist, 

2012). For practical purposes, governments, both here 

Relationship between Wind Turbine:; ctnd Residential Property Values in Massachusetts 
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in the U.S. and abroad, at a variety of spatial scales 

have tended to adopt setback metrics for the distance 

between a wind turbine and housing as a proxy for 

noise limits (NARUC, 2012). Very few countries have 

mandatory turbine setback distances beyond what 

would be required for safety in the event of a collapse 

(and therefore 1-1.5 times the turbines' height), nor 

do they often impose mandatory limits to shadow 

flicker; they do often have mandatory or, at least, 

stronger regulation of noise. 

Although there is no worldwide standard limit for 

noise associated with wind turbines (Haugen, 2011), 

many European countries base their regulations on 

recommended noise limits published by the World 

Health Organizalion (WHO) Regional Office for 

Europe (WHO, 2011). The WHO recommends noise 

limits of 40 (A-weighted) decibels dB(A) for the average 

nighttime noise outside a dwelling, which translates to 

a noise limit of 30 dB(A) inside a bedroom." These 

limits are based on noise levels that do not harm a 

person's sleep. Above these limits, it is believed, people 

have a lower amount and quality of sleep, which can 

lead to major health issues (WHO, 2011). 

In the United States, turbine sound and setback 

regulation is limited: only "a handful of states have 

published setback standards, sound standards, or 

both" (NARUC, 2012, p. 15). Ten states have published 

voluntary guidelines for wind siting and zoning, and 

five have published model ordinances intended to 

guide local governments. Similar to other countries, 

required or recommended setbacks vary widely from 

state to state, both in terms of the distances cited and 

12 A-weighted decibels abbreviated to dBa, dHA or dB(a), are an 
expression of the relative loudness of sounds in air as perceived 
by the human ear. In the A-weighted system, the decibel values 
of sounds at !ow frequencies are reduced, compared with 
unweighted decibels, in which no correction is made for audio 
frequency (http://whatis.tcchtargct.com) 

the legal weight they carry (some are formal limits 

while others are merely guidelines). 

In Massachusetts, the Model Wind Bylaw and the 

Massachusetts Department of Environmental 

Protection (MADEP) Noise Policy provide guidelines 

and regulatory standards respectively for the siting 

and operation of wind facilities to address public safety 

and minimize local impacts. The former provides 

some guidance on setbacks from the nearest existing 

residential or commercial structure using a 111ultiple 

(e.g., 3 times) of blade tip height (BTH) (i.e., the hub 

height plus the length of the blade) as a means to 

determine the project specific setback." However, all 

of the wind turbines in the state have been permitted 

at the local level, with varying degrees of adherence to 

the guidance, while still others were permitted prior 

to the Model Bylaw's preparation, and still others have 

had few structures near the turbines from which to 

setback. Therefore, in practice, setbacks to the nearest 

structure have varied from as much as 4,679 feet (0.89 

miles, 24.4 x BTH) to as little as 520 feet (0.1 miles, 1.3 

x BTH), with an average Massachusetts project being 

1,925 feet (0.36 miles, 5.9 x BTH) (Studds, 2013). 1
•
1 

Because, in part, of the variety of ways in which the 

guidelines have been applied, setbacks remain one 

of the more controversial aspects of wind-facility 

siting. Also, adding to the controversy are the results 

of one recent study of two wind facilities in Maine 

that claimed noise effects are experienced as far as 1.4 

kilometers (4,590 feet, 0.87 miles) from the turbines 

(Nissenbaum et al., 2012). 

13 MA EEA/DOER Model Wind Bylaw. Accessed on 1/23/12 from: 
http://www.mass.gov/eca/ docs/ doer/ gca/wind-not· by-right -bylaw
junc 13-2011.pdf. The Executive Office of Environmental Affairs, 
Department of Environmental Quality Engineering, Division of Air 
Quality Control, ''DAQC Policy 90-001," February t, 1990. 

14 1hesc setbacks do not include structures of participating 
landowners, that either might own the turbine, or arc being 
compensated by the turbine owner. 
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Finally, in response to noise concerns, wind

technology developers are investigating numerous 

ways to suppress noise including passive noise 

reduction blade designs, active aerodynamic load 

control, new research on inflow turbulent and 

turbine wakes, low- noise brake linings, and cooling 

fan noise mufflers (Leloudas et al., 2009; Wilson et 

al., 2009; Barone, 2011; Petitjean et al., 2011), some 

of which have been shown to lower annoyance when 

applied (Hoen et al., 2010; Hessler, 2011). How these 

strategies might eventually affect setback and noise 

regulations and guidelines is unclear. 

For the purposes of this study, suffice it to say that 

wind turbine setbacks vary, and they are often smaller 

than the distances at which (at least some) turbine 

noise effects have been claimed lo exist. If a resulting 

nuisance stigma exists near turbines, it should be 

reflected in nearby home prices. By evaluating the 

relationship between wind turbines and home prices 

this study might help inform appropriate setbacks and 

noise recommendations in Massachusetts. 

2.4 Methods to Quantify Whether 
Wind Turbines are a Disamenity 

If a wind turbine near h0111es does produce a 

meaningful stigma, it could be considered a 

disamenity silnilar to other disamenities such as 

proximity to electricity transmission lines and major 

roads. A variety of research techniques can be used 

to determine the impact of wind energy projects 

on residential properties, including h0111eowner 

surveys, expert surveys (such as interviewing real 

estate appraisers), and statistical analysis of property 

transactions using cases studies or the well-established 

method of hedonic modeling (see e.g., Jackson, 

2003). The latter technique is firmly established in the 

literature as the most reliable approach to determining 

the impact of a particular development on property 

prices, because it (a) uses transactions data that 

reflect actual sales in the housing market rather than 

perceptions of potential impacts; (b) controls for a set 

of potentially confounding home, site, neighborhood 

and market influences; and, (c) is flexible enough 

to allow a variety of potentially competing aspects 

of wind development and proximity to be tested 

simultaneously (Jackson, 2001). 

An extensive meta-analysis of studies that had 

quantified the effect of environmental amenities 

and disamenities found that the use of case study 

techniques provide larger estimates of property losses 

associated with environmental disamenities than 

regression studies using hedonic models (Simons 

and Saginor, 2006). Simons and Saginor attributed 

this differential to the fact that case studies may be 

subjective based on the case researche1; and they argue 

that case study observations may even have been 

chosen because of their dramatic, atypical conditions. 

Surveys, which were generally based on respondents' 

estimates of impacts, were considered to suft"er from 

similar bias due to the subjectivity of respondents and 

their potential lack of effect-estimation expertise. 

The hedonic-modeling approach is based on the 

idea that any property's sales price is composed of a 

bundle of attributes, including the characteristics of 

the individual property and its location (Rosen, 1974). 

Sales can be compared to one another, taking into 

account the effects of time (i.e., inflation/deflation), to 

determine the value of any specific attribute (Butler, 

1982; Clapp and Giaccotto, 1998; Jackson, 2001; 

Simons and Saginor, 2006; Jauregui and Hite, 2010; 

Kuminoff et al., 2010; Zabel and Guignet, 2012). 

The approach has been used extensively to 

quantify the effects of public policies (specifically 

Relationship betw<:0n Wind Turbines and Residential Property Values in Massachw:etts 
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infrastructure) on home prices by examining the 

value associated with being close to a facility before 

and after it was constructed (see Atkinson-Palombo, 

2010 and the extensive references therein). If the 

particular initiative being studied (for example, a 

transportation facility) is perceived as an amenity, 

it would be expected to increase property values, 

all else being equal. If the initiative is perceived 

as a disamenity, it would be expected to decrease 

property values. This hedonic method measures 

average impacts across the study area and therefore 

can help policy makers understand costs and 

benefits at a broad scale. 

Our study uses the hedonic-modeling approach to 

quantify the effect of wind facilities on home values. 

This involves creating a slalistical model with an 

expression of home price as the dependent variable 

and independent variables consisting of factors 

that influence home price. These independent 

variables include features of the specific housing 

unit, locational characteristics, a variable that 

represents distance to a wind turbine at discrete 

stages of the construction process, and various 

controls such as the time when a transaction took 

place to account for changes in the housing market 

over lime (inflation and deflation). If a wind turbine 

creates a disamenity, then house prices closer to the 

turbine would be expected to decline (all else being 

equal) compared to their values before the turbine 

was installed and compared to the prices of houses 

farther away that sold during the same period. 

The peer- reviewed, published studies that used 

hedonic modeling largely agree in finding non

significant post-construction effects (i.e., non

significant effects on home prices occurring after 

construction of wind turbines) (Sims et al., 2008; 

Hoen et al., 2011; Heintzelman and Tuttle, 2012), 

implying that average impacts in their study areas 

were either relatively s1nall or sporadic near existing 

turbines. Three academic studies found similar 

results {Hoen, 2006; Hinman, 2010; Carter, 2011). 

The geographic extent of these studies varied from 

single counties (Hoen, 2006; Hinman, 20 l 0; Carter, 

2011), to three counties in New York (Heintzelman 

and Tuttle, 2012), to eight states (Hoen et al., 2011), 

showing that results have been robust to geographic 

scale. Although the academic and peer-reviewed 

literature has largely focused on post-construction 

impacts, some studies have found evidence of 

pre-construction yet post-announcement impacts 

(Hinman, 20 l 0; Hoen et al., 2011; Heintzelman and 

Tuttle, 2012). 1his "anticipation effect" (Hinman, 

2010) correlates with surveys of residents living 

near wind facilities that have found that once 

wind turbines are constructed, residents are more 

supportive of the facilities than they were when 

the construction of that facility was announced 

(Wolsink, 2007; Sims et al., 2008). Analysis of 

home prices related to other disamenities ( e.g., 

incinerators) also has shown anticipation efl'ects 

and post-construction rebounds in prices (Kiel and 

McClain, 1995). 

2.5 General Literature on the 
Effects of Amenities and 
Disamenities on House Prices 

While wind turbines are typically limited to high

wind-resource areas, disamenities such as highways, 

overhead electricity transmission lines, power 

plants, and landfills are ubiquitous in urban and 

semi- rural areas, and they have been the focus of 

many studies. '!bis more established "disamenily 

literature" (see for example, Boyle and Kiel, 

200 l; Jackson, 200 l; Simons and Saginor, 2006) 

helps frame the expected level of impact around 

turbines. For example, adverse home-price effects 

near electricity transmission lines, a largely visual 
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disturbance, have ranged from 5% to 20%, fading 

quickly with distance and disappearing beyond 200 

to 500 feet, and even in some cases, when afforded 

with access to the transmission line corridor, home

price effects have found to be positive signaling net 

benefits over costs of transmission line proximity 

(e.g., Des Rosiers, 2002). Landfills, which present 

smell and truck-activity nuisances and potential 

health risks from groundwater contamination, have 

been found to decrease adjacent property values by 

13.7% on average, fading by 5.9% for each mile a 

home is further away for large-volume operations 

(that accept more than 500 tons per day). Lower

volume operations decreased adjacent property 

values by 2.7% on average, fading by 1.3% per mile, 

with 20% to 26% of the lower-volume landfills not 

significantly impacting values at all (Ready, 2010). 

Finally, a review of literature investigating impacts 

of road noise on house prices, which might be 

analogous to noise from turbines, found price 

decreases of 0.4% to 4% for houses adjacent to a 

busy road compared to those on a quiet street (see 

for example Bateman et al., 2001; Day et al., 2007; 

Kim et al., 2007; Andersson et al., 2010). 

Community amenities also have been well studied. 

Open space (i.e., publicly accessible areas that 

are available for recreational purposes) has been 

found to increase surrounding prices (Irwin, 2002; 

Anderson and West, 2006a); Anderson and West 

estimated those premiums to be 0.1 % to 5%, with an 

average of 2.6% for every mile that a home is closer 

to the open space. Proximity to (and access to and 

views of) water, especially oceans, has been found 

to increase values (e.g., Benson et al., 2000; Bond 

et al., 2002); for example, being on the waterfront 

increased values by almost 90% (Bond et al., 2002). 

Although much of the literature on community 

perceptions of wind turbines suggests that local residents 

may see turbines as a disamenity, this is not always 

the case. As discussed above, perceptions about wind 

turbines are shaped by numerous factors that include 

the size of the turbine(s) or project, the sense of place of 

the local residents, the manner in which the planning 

process is conducted, and the ownership structure. In 

contrast to disamenities universally disliked by local 

residents (as discussed above), some literature suggests 

that wind turbines could be considered amenities (i.e., 

a positive addition to the community), particularly if 

benefits accrue to the local community. Thus, whether 

wind turbines increase or decrease surrounding home 

prices-and by how much-remains an open question. 

The evidence discussed above suggests that any 

turbine-related disamenity impact likely would be 

relatively small, for example, less than 10%. If this 

were the case, tests to discover this impact would 

require correspondingly small margins of error, which 

in turn requires large amounts of data. Yet much of 

the literature has used relatively small numbers of 

transactions near turbines. For example, the largest 

dataset studied to date had only 125 post-construction 

sales within 1 mile of the turbines (Hoen et al., 

2009, 201l), while others contained far fewer post

construction transactions within 1 mile: Heintzehnan 

and Tuttle (n - 35), Hinman (n - 11), and Carter (n -

41). Although these numbers of observations might be 

adequate to examine large impacts (e.g., greater than 

10%), they are less likely to discover smaller effects 

because of the size of the corresponding margins of 

error. Larger datasets of transactions would allow 

smaller effects to be discovered. Using results from 

Hoen at al. (2009) and the confidence intervals for 

the various fixed-effect variables in that study, we 

estimated the numbers of transactions needed to find 

effects of various sizes. Approximately 50 transactions 

are needed to find an effect of 10% or greater, 200 to 
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find an effect of 5%, 500 to find an effect of 3.5%, and 

approximately 1,000 to find a 2.5% effect. 

Additionally, there is evidence that wind facilities are 

sited in areas where property prices are lower than 

in surrounding areas-what we are referring to as a 

"pre-existing price differential''. For example, Hoen et 

al. (2009) found significantly lower prices (-13%) for 

homes that sold more than 2 years prior to the wind 

facilities' announcements and were located within 1 

mile of where the turbines were eventually located, as 

compared to homes that sold in the same period and 

were located outside of 1 mile. Hinman (2010) found 

a similar phenomenon that she labeled as a "location 

effect:' To that end, Sims and Dent (2007), after their 

examination of three locations in Cornwall, United 

Kingdom, commented that the research "highlighted 

to some extent, wind farm developers are themselves 

avoiding the problem by locating their developments 

in places where the impact on prices is minimized, 

carefully choosing their sites to avoid any negative 

impact on the locality" (p. 5). Thus.further investigation 

of whether wind facilities are associated with areas 

with lower home values than surrounding areas would 

be worthwhile. It is important to emphasize that any 

"pre-exisling price dilferential" does not exist because 

of the turbines, but instead is likely the result of the fact 

that wind turbines may be located in areas of relative 

disamenity. For example, in Massachusetts, wind 

turbines have typically been co-located with industrial 

facilities such as waste water treatment plants. 

While we included seven different amenities and 

disamenities in our model, we could not include all of 

them because of a lack of accurate data, especially for 

waste water treatment plants and industrial sites that 

may have been co-located with wind turbines. Some 

of the "pre-existing price differential" may therefore be 

attributable to other disamenities that have not been 

included in the model. Regardless of the reason, any 

"pre-existing price differential" needs to be taken into 

account in order to accurately calculate the net impacts 

that wind turbines may have on property prices. 

Finally, there have been claims that the home sales 

rate (i.e., sales volume) near existing wind turbines is 

far lower than the rate in the same location before the 

turbines' construction and the rate fmther away from the 

turbines, because homeowners near turbines cannot find 

buyers (see sales volume discussion in Hoen et al., 2009). 

Obviously, many homes near turbines have sold, as 

recorded in fhe literature. !fit were true that homeowners 

near turbines have chosen to sell less often because of 

very low buyer bids, then sales that did take place near 

turbines should be similarly discounted on average, 

but evidence of large discounts has not emerged from 

the academic literature (as discussed above). Moreover, 

homes farther away from turbines would be tal<en off 

the market for similar reasons (sellers do not get offers 

they accept), thus the comparison group is potentially 

aftected in a similar way. In any case, although Hoen 

et al. (2009) found no evidence of lower sales volumes 

near turbines, further investigations of this possible 

phenomenon using different datasets are warranted. 

2.6 Gaps in the Literature 

This literature review suggests several knowledge 

gaps that could be studied further: exploring wind 

turbine impacts on home prices in urban settings, 

where the "sense of place" might be different than in 

the previously studied rural areas; examining post

announcement/pre-construction impacts; testing 

for relatively small impacts using large datasets; 

determining whether wind facilities are sited in areas 

with lower home values; examining turbine impacts 

in concert with impacts from other disamenities and 

amenities; and investigating whether home sales 

volumes are dift'erent near existing wind turbines. 

Our study seeks to address each of these areas. 

16 
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Because of Massachusetts' density of urban homes 

near enough to wind turbines to produce potential 

nuisance effects, our study analyzes Massachusetts 

data lo address gaps in knowledge about turbine 

effects on home prices. Specifically, the study seeks 

lo answer the following five questions: 

Ql) Have wind facilities in Massachusetts been 

located in areas where average home prices 

were lower than prices in surrounding areas 

(i.e., a "pre-existing price differential")? 

Q2) Are post-construction (i.e., after wind-facility 

construction) home price impacts evident in 

Massachusetts, and how do Massachusetts 

results contrast with previous results 

estimated for more rural settings? 

Q3) Is there evidence of a post-announcement/ 

pre-construction effect (Le., an "anticipation 

effect")? 

Q4) How do impacts near turbines compare to the 

impacts of amenities and disamenities also 

located in the study area, and how do they 

compare with previous findings? 

QS) Is there evidence that houses near turbines 

that sold during the post-announcement and 

post-construction periods did so at lower 

rates (i.e., frequencies) than during the pre

announcement period? 

The following subsections detail the study's hedonic

modeling process and base model, the extensive 

robustness tests used to determine the sensitivity of 

the base model, the study data, and the results. 

3.1 Hedonic Base Model 
Specification 

The price of a home can be expressed as follows: 

P = f(L,N,A,E,T) 

where L refers to lot-specific characteristics, N to 

neighborhood variables, A to amenity/ disamenity 

variables, E to wind-turbine variables, and T to 

time-dependent variables. 

Following from this basic formula, we estimate the 

following customarily used (see, e.g., Sirmans et 

al., 2005) semi-log base model to which the set of 

robustness models are compared. 

ln(P)" ,B,. + "[,/1,L•D+ ,B,N + L/1,A-D+ L/1,E•D+ L/1,T +e' 

An explanation of this formula is as follows: 

The dependent variable is the log of sales price (P). 

L is the vector of lot-specific characteristics of the 

property, including living area (in thousands of 

square feet); lot size (in acres); lot size less than 1 

acre (in acres if the lot size is less than 1, otherwise 

l); effective age (sale year minus either the year built 

or, if available, the most recent renovation date); 

effective age squared; and number of bathrooms 
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(the number of full bathrooms plus the number of 

half bathrooms multiplied by 0.5). 

D is the nearest wind turbine's development 

period in which the sale occurred (e.g., if the sale 

occurred more than 2 years before the nearest 

turbine's development was announced, less than 2 

years before announcement, after announcement 

but before construction, or after construction). 

N is the U.S. census tract in which the sale occurred. 

A is the vector of amenity/disamenity variables for 

the home, including the amenities: if the home is 

within a half mile from open space; is within 500 feet 

or is within a half mile but outside 500 feet of a beach; 

and, disamenities: is within a half mile of a landfill, 

and/or prison; and is within 500 feet of an electricity 

transmission line, highway and/or major road. 15 

Tis the vector of time variables, including the year 

in which the sale occurred and the quarter in which 

the sale occurred. 

E is a binary variable representing if the home is 

within a half mile from a turbine, and 

e is the error term. 16 

P
0

, P,, P
2

, P,, P.J' P, are coefficients for the variables. 

15 Each of the amenity/disamenity variables are expressed as a 
binary variable: l if"yeS:' 0 if"no:' 

16 TI,e error term (i.e., "unexplained variation" or "residual value") 
defines the portion of the change in the dependent variable (in 
this case the log of sale price) that cannot be explained by the 
differences in the combined set of independent variables (in this 
case the size and age oft he home, the number of bathrooms, etc.). 
For example, a large portion of one's weight can be explained by 
one's gender, age and height, but differences (i.e., unexplained 
variation) in a sample of people's weight will still exist for random 
reasons. Regardless of how well a model performs, some portion 
of unexplained variation is expected. 

The vectors of lot-specific and amenity/disamenity 

variables are interacted with the development period 

for three reasons: 1) to allow the covariates to vary 

over the study period, which will, for example, allow 

the relationship of living area and sale price to be 

different earlier in the study period, such as more than 

2 years before announcement, than it is later in the 

study period, such as after construction of the nearest 

turbine;" 2) to ensure that the variables of interest do 

not absorb any of this variation and therefore bias the 

coefficients; and 3) to allow the examination of the 

amenity/disamenityvariables for subsets of the data. 18 

The distance-to-the-nearest-turbine variable specified 

in the base model is binruy: one if the home is within 

a half mile of a turbine and zero if not. 'lhe distance 

can be thought of as the distance, today, when all the 

turbines in the state have been built Obviously, for 

some homes, such as those that sold before the wind 

facility was announced, there was no turbine nearby at 

the time of sale, so in those cases the distance vru·iable 

represents the distance to where the turbine eventually 

was built. By interacting this distru1Ce variable with the 

turbine development period, we are able to examine 

how the distance effects might change over the periods 

and whether or not there was a pre-existing price 

differential between homes located near turbines and 

17 As discussed in greater detail in the results, the coefficients for the 
variables of interest are quite small in magnitude, and therefore 
even a relatively small change in the size of the coefficients can be 
problematic to the correct interpretation of the results. Moreover, 
the lot-specific and amenity/disamenity variables vary over the 
development periods, further reinforcing the need to interact 
them with period. 1hc results for the wind turbine variables 
presented herein are robust lo alternative specifications without 
these interactions. 

18 While the coefficients associated with the amenity/disamenity 
variables interacted with the facility development periods are not 
particularly meaningful, creating the subsets enables examination 
of the dala represented by the diftCrent wind turbine development 
periods and shows how stable the amenity/disamenity variables 
arc within these subsets of data. 
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those farther away that existed even before the turbines 

were announced. 

Further, we used a binaryvariable as opposed to other 

forms used to capture distance. For example, other 

researchers investigating wind turbine effects have 

commonly used continuous variables to measure 

distance such as linear distance (Sims et al., 2008; 

Hoen et al., 2009), inverse distance (Heintzelman 

and Tuttle, 2012; Sunak and Madlener, 2013), 

or mutually exclusive non-continuous distance 

variables (Hoen et al., 2009; Hinman, 201 O; Carter, 

2011; Hoen et al., 2011; Heintzelman and Tuttle, 

2012; Sunak and Madlener, 2013). We preferred 

the binary variable because we believe the other 

forms have limitations. Using the linear or inverse 

continuous forms necessarily forces the model to 

estilnate effects at the mean distance. In some of 

these cases those means can be quite far from the 

area of expected impact. For example, Heintzelman 

and Tuttle (2012) estimated an inverse distance 

effect using a mean distance of over l O miles from 

the turbines, while Sunak and Madlener (2013) 

used a mean distance of approximately 1.9 miles. 

Using this approach makes the model less able to 

quantify the effect near the turbines, where they are 

likely to be stronger. More importantly, this method 

encourages researchers to extrapolate their findings 

to the ends of the distance curve, near the turbines, 

despite having few data in this distance band. This 

was the case for Heintzelman and Tuttle (2010), 

who had less than 10 sales within a half mile in the 

two counties where effects were found and only a 

handful of sales in those counties after the turbines 

were built. Yet they extrapolated their findings to a 

quarter mile and even a tenth of a mile, where they 

had very few, if any, cases. Similarly, Sunak and 

Madlener (2013) had only six (post-construction) 

sales within a half mile, yet they extrapolated their 

findings to this distance band. 

One method to avoid using a single continuous 

function to describe effects at all distances is to 

use a spline model, which breaks the distances into 

continuous groups (Hoen et al., 2011), but this still 

imposes some structure on the data that might not 

actually exist. By far the most transparent method 

is to use binary variables for discrete distances that 

therefore impose only slight structure on the data 

(Hoen et al., 2009; Hinman, 2010; Hoen et al., 2011). 

Although this method has been used in existing 

studies, because of a paucity of data, margins of 

error for the estimates were large ( e.g., 7% to I 0% 

for Hoen et al. 2011). However, as discussed above, 

the extensive dataset for Massachusetts allows this 

approach to be taken while maintaining relatively 

small margins of error. Moreover, although others 

have estimated effects for multiple distance bins out 

to 5 or IO miles, we have focused our estimates on 

the group of homes that are within a half mile of 

a turbine-although other groups, such as those 

within a quarter of a mile and between one half and 

one mile, are explored in the robustness models. 

The homes within a half mile of turbines are most 

likely to be impacted and are, therefore, the first 

and best place to look for impacts. Further, we use 

the entire group of homes outside of a half mile 

as the reference category, which gives us a large 

heterogeneous comparison group and therefore one 

that is likely not correlated with omitted variables

although we also explore other comparison groups 

in the robustness tests. 

3.2 Robustness Tests 

Models are built on assumptions and therefore 

practitioners often test those assumptions by 

trying multiple model forms. As was the case for 

this research, a "base" model is compared to a set 

of "robustness" models, each with slightly different 
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assumptions, to explore the robustness of the 

study's findings. 

The suite of robustness tests explored changes in: 

1) the spatial extent at which both the effect and 

the comparable data are specified; 2) the variables 

used to describe fixed effects; 3) the screens that 

are used to select the final dataset as well as outliers 

and influencers; 4) the inclusion of spatially and 

temporally lagged variables to account for the 

presence of spatial autocorrelation; and 5) the 

inclusion of additional explanatory variables that 

are not populated across the whole dataset. Each 

will be described below. 

3.2.1 Varying the Distance to Turbine 

The base model tests for effects on homes sold 

within a half mile of a turbine (and compares the 

sales to homes located outside of a half mile and 

inside 5 miles of a turbine). Conceivably, effects 

are stronger the nearer homes are to turbines and 

weaker the further they are away-because that 

roughly corresponds to the nuisance effects ( e.g., 

noise and shadow flicker) that we are measuring

but the base model does not explore this. Therefore, 

this set of robustness models investigates effects 

within a quarter mile as well as between a half and 1 

mile. It is assumed that effects will be larger within a 

quarter mile and smaller outside of a half mile. 

Additionally, the basis of comparison could be 

modulated as well. The base model compares homes 

within a half mile to those outside of a half mile and 

inside of 5 miles, most of which are between 3 and 

5 miles. Conceivably, homes immediately outside of 

a half mile are also affected by the presence of the 

turbines, which might bias down the comparison 

group and therefore bias down the differences 

between it and the target group inside of a half mile. 

Therefore, two additional comparison groups are 

explored: 1) those outside of a half mile and inside 

of 10 miles, and 2) those outside of 5 miles and 

inside of 10 miles. It is assumed that effects from 

turbines are not experienced outside of 5 miles 

from the nearest turbine. 

3.2.2 Fixed Effects 

A large variety of neighborhood factors might 

influence a home price (e.g., the quality of the 

schools, the crime rate, access to transportation 

corridors, local tax rates), many of which cannot 

be adequately measured and controlled for in the 

model specifically. '!bus, practitioners use a "fixed 

effect" to adjust prices based on the neighborhood, 

which accounts for all the differences between 

neighborhoods simultaneously. Examples of these 

fixed effects, moving from larger and less precise 

geographic areas to smaller and more precise areas 

are: zip code; census tract; and, census block group. 

The base model uses census tract boundaries as the 

geographic extent of fixed effects, aiming to capture 

"neighborhood" effects throughout the sample area. 

Because this delineation is both arbitrary (a census 

tract does not necessarily describe a neighborhood) 

and potentially too broad (multiple neighborhoods 

might be contained in one census tract), the census 

block group is used in a robustness test. TI1is is 

expected to allow a finer adjustment to the effects 

of individual areas of the sample and therefore be 

a more accurate control for neighborhood effects. 

The drawback is that the variables of interest (e.g., 

within a half mile and the development-period 

variables) might vary less within the block group, 

20 
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and therefore the block group will absorb the effects 

of the turbines, biasing the results for the variables 

of interest. 

3.2.3 Screens, Outliers, and Influencers 

As described below, to ensure that the data used 

for the analysis are representative of the sample in 

Massachusetts and do not contain exceptionally 

high- or low-priced homes or homes with incorrect 

characteristics, a number of screens are applied for 

the analysis dataset. To explore what effect these 

screens have on the results, they are relaxed for this 

set of robustness tests. Additionally, a selection of 

outliers (based on the l and 99 percentile of sale 

price) and influencers (based on a Cook's Distance 

of greater than l 19) might bias the results, and 

therefore a model is estimated with them removed. 

3.2.4 Spatially and Temporally Lagged 
Nearest-Neighbor Data 

-n,e value of a given house is likely impacted by 

the characteristics of neighboring houses (i.e., local 

spatial spillovers, defined empirically as W) or 

the neighborhood itself. For example, a house in a 

neighborhood with larger parcels (e.g., 5 acres lots), 

might be priced higher than an otherwise identical 

home in a neighborhood with smaller parcels (e.g., 

l acre lots). 

If statistical models do not adequately account for 

these spatial spillovers, the effects are relegated to the 

unexplained component of the results contained in 

lhe error term, and therefore the other coefficients 

could be biased. If this occurs, then the error terms 

I 9 According to Cook, R. D. (1977) Detection of Influential 
Observations in Linear Regression, Tcdmomctrics. 19(1): 15-18. 

exhibit spatial autocorrelation (i.e., similarity on the 

basis of proximity). Often, in the hedonic literature, 

more concern is paid to unobserved (and spatially 

correlated) neighborhood factors in the model.'° 

A common approach for controlling for the 

unobserved neighborhood factors is to include 

neighborhood fixed effects (see for example Zabel 

and Guignet, 2012), which is the approach we took 

in the base model. To additionally control for the 

characteristics of neighboring houses a model 

can be estimated that includes spatial lags of their 

characteristics as covariates in the hedonic model, as 

is done for this robustness test. Neighboring houses 

are determined by a set of k-nearest neighbors (k, 

in this case, equals 5), though alternative methods 

could have been used (Anselin, 2002). Further, 

although dependence often focuses on spatial 

proximity, it is also likely that sales are "temporally 

correlated;' with nearby houses selling in the same 

period (e.g., within the previous 6 months) being 

more correlated than nearby houses selling in 

earlier periods (e.g., within the previous 5 years). 

To account for both of these possible correlations, 

we include a spatially and temporally lagged set of 

k-nearest neighbor data in a robustness model. 

These spatially and temporally lagged variables were 

created using the set of the five nearest neighbors that 

sold within the 6 months preceding the sale of each 

house. These variables contained the average living 

area, lot size, age, and age squared of the ('neighbors:' 

20 LeSage and Pace (2009) have argued that including an expression 
of neighboring observations (i.e., a spatial lag, know as Wy) of the 
dependent variable (i.e., sale price) in the model is appropriate 
for dealing with these omitted variables. 'Ibey show that spatially 
dependent omitted variables generate a model that contains 
spatial lags of the dependent and exogenous variables, known 
as the spatial Durbin model (Anselin, 1988). Ideally, we would 
have estimated these models, but this was not possible because of 
computing limitations. 
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3.2.5 Inclusion of Additional 
Explanatory Variables 

Although the base model includes a suite of controlling 

variables that encompasses a wide range of home and 

site characteristics, the dataset contains additional 

variables not fully populated across the dataset that 

might also help explain price differences between 

homes. They include the style of the home ( e.g., cape, 

ranch, colonial) and the type of heat the home has 

(e.g., forced air, baseboard, and steam). Therefore, an 

additional robustness model is estimated that includes 

these variables but uses a slightly smaller dataset for 

. which these variables are fully populated. 

Combined, it is assumed that the set of robustness 

tests will provide additional context and possibly 

bound the results from the base model. We now 

turn to the data used for the analysis. 

3.3 Data Used For Analysis 

To conduct the analysis, a rich set of four types 

of data was obtained from a variety of sources in 

Massachusetts, including 1) wind turbine data, 2) 

single-family-home sale and characteristic data, 3) U.S. 

Census data, and 4) amenities and disamenities data. 

From these, three other sets of variables were created: 

distance-to-turbine data, time-ot~sale period relative 

to announcement and construction dates of nearby 

turbines, and spatially and temporally lagged nearest

neighbor characteristics. Each is discussed below. 

3.3.1 Wind Turbines 

Using data from the Massachusetts Clean Energy 

Center (MassCEC), every wind turbine in 

Massachusetts that had been commissioned as of 

November 2012 with a nameplate capacity of at least 

600 kW was identified and included in the analysis. 

This generated a dataset of 41 turbines located in 

a variety of settings across Massachusetts, ranging 

in scope from a single turbine to a maximum of 10 

turbines, with blade tip heights ranging from 58.5 

meters (192 feet) to 390 meters (1,280 feet), with an 

average ofapproximately 120 meters (394 feet) (Table 

1 and Figure 4). Spatial data for every turbine (e.g., x 

and y coordinates), derived from MassCEC records 

and a subsequent visual review of satellite imagery, 

were added, and wind turbine announcement and 

construction dates were populated by MassCEC. 

Announcement date is assumed to be the first 

instance when news of the projects enters the public 

sphere via a variety of sources including a news 

article, the filing of a permit application, or release 

of a Request for Proposals. Dates were identified in 

consultation with project proponents, developers or 

using Google News searches. 

3.3.2 Single-Family-Home Sales and 
Characteristics 

A set of arm's-length, single-family-home sales data 

for all of Massachusetts from 1998 to November 

2012 was purchased from the Warren Group.21 Any 

duplicate observations, cases where key information 

was missing (e.g., living area, lot size, year built), 

or observations where the data appeared to be 

erroneous (e.g., houses with no bathrooms) were 

removed from the dataset. These data included the 

following variables (and are abbreviated as follows 

in parentheses): sale date (sd), sale price (sp), living 

21 Sec http://www.thewarrengroup.com/. The Warren Group identified 
all transactions that were appropriate for analysis. As discussed later, 
we used additional screens to ensure that they were representative of 
the population of homes. Single-family homes, as opposed to multi
family or condominiums, were selected because condos and multi
family properties constitute different markets and arc generally not 
analyzed together {Goodman and 'lhibodeau, 1998; Lang, 2012). 
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Table 1: List of Locations, Key Project Metrics and Dates of Massachusetts Turbines Analyzed 

Berkshire East Ski Resort 

Berkshire Wind 
Fairhaven 

Falmouth Wastewater 1 
Falmouth Wastewater 2 

Holy Name Central Catholic Jr/Sr HS 

Hull 1 

Hu!l 2 
Ipswich MLP 

Jiminy Peak Mountain Resort 
Kingston Independence 

Lighto!ier 

Mark Richey Woodworking 

Mass Maritime Academy 
Mass Military Reservation 1 

Mass Milit.iry Reservation 2 
Mass Military Reservation 3 

Mt wa·chusett Community College 
MWRA - Charlestown 

MWRA ~ Deer Island 
No Fossil Fuel (Kingston) 

NOTUS Clean Energy 
Princeton MLP 

Scituate 
Templeton MLP 

Wll!iams Stone 
Total:_ 26 projects _ 

10 
2 

1 

2 

2 

3 

1 
2 

41 

900 0.9 

1500 15 

1500 3 
1650 1.65 

1650 1.65 
600 0.6 

660 0.66 
1800 1,8 

1600 1.6 

1500 1.5 
2000 2 

2000 2 

600 0.6 

660 0.66 
1500 1.5 
1500 1.5 

1500 1.5 

1650 3.3 
1500 1.5 

600 1.2 
2000 6 
-1650 1.65 
1500 3 

1500 1,5 

1650 1.65 

600 0.6 

87 12/16/08 

118.5 1/12/01 

121 5/1/04 

121 4/1/03 

121 11/1/09 

73.5 9/21/06 

73.5 10/1/97 

100 1/1/03 
121.5 3/1/03 

118.5 11/1/05 
123 6/1/06 

126.5 12/14/06 

89 11/10/07 

73.5 1/31/05 
118.5 11/8/04 

121 10/1/09 
121 10/1/09 

121 8/18/08 

111 1/24/10 

58.5 6/1/08 
125 3/1/10 

121 8/31/07 

105.5 12/18/99 

111 3/15/08 
118.5 7/24/09 
88,5 1/11/08 

area in thousands of square feet (sjlalOOO), lot size 

in acres (acres), year the home was built (yb), most 

recent renovation year (renoyear), the number of 

full (Jul/bath) and half (halfbath) bathrooms, the 

style of the home (e.g., colonial, cape, ranch) (style), 

the heat type ( e.g., forced air, baseboard, steam) 

(heat), and the x and y coordinates of the home.22 

From these, the following variables were calculated: 

natural log of sale price (lsp), sale year (sy), sale 

quarter (sq), age of the home at the time of sale (age 

= sy - (yb or renoyear)), age of the home at the time 

of sale squared (agesqr = age x age), lot size less 

22 The style is used in a robustness test. 

7/12/10 10/31/10 

6/1/09 5/28/11 

11/1/11 5/1/12 
11/1/09 3/23/10 

4/5/10 2/14/12 

3/21/08 10/4/08 
11/1/01 12/27/01 

12/1/05 5/1/06 
10/1/10 5/15/11 

6/25/07 8/3/07 
9/23/11 5/11/12 

11/1/11 4/20/12 

11/1/08 2/22/09 

4/12/06 6/14/06 
8/1/09 7/30/10 

10/1/10 10/28/11 

10/1/10 10/28/11 

1/28/11 4/27/11 

3/25/10 10/1/11 

8/1/09 11/15/10 
11/16/11 1/25/12 

4/1/10 7/28/10 

9/9/09 1/12/10 

2/15/12 3/15/12 
2/1/10 9/1/10 

5/1/08 5/27/09 

a!itl!Water ::.i 

orWater ln,..ustr!al L{lndfill 
Treatment Site 

X 

X 
X 

X 

X 

X 

6 

X 
X 

X 
X 

X 

X 

X 

X 
8 

X 

X 
X 

X 

X 

4 

than 1 acre (acreltl), bathrooms (bath = fullbath + 

(halfbath x 0.5))." 

To ensure a relatively homogenous set of data, 

without outlying observations that could skew the 

results, the following criteria were used to screen the 

dataset: sale price between $40,000 and $2,500,000; 

less than 12 bathrooms or bedrooms; lot size less 

than 25 acres; and sale price per square foot between 

$30 and $1,250. As detailed below, these screens 

23 Geocoding ofx·y coordinates can have various levels of accuracy, 
including block level (a centroid of the block), street level (the 
midpoint of two ends of a street), address level (a point in front 
of the house - usually used for Google maps etc.), and house level 
(a point over the roof of the home). Warren provided x and y 
coordinates that were accurate to the street level or block level but 
not accurate to the house level. All homes that were within 2 miles 
of a turbine were corrected to the house level by Melissa Data. See: 
www.MelissaData.com. This was important to ensure that accurate 
measurements of distance to the nearest turbine were possible. 
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Figure 4: Locations of Massachusetts Wind Turbines Included in Study 

., 

50 Miles 
f-+->-~-t-<----+-+-----i 
0 12.5 25 

were relaxed for a robustness test, and no significant 

alteration to the results was discovered. 

3.3.3 Distance to Turbine 

Geographic information system ( GIS) software was 

used to calculate the distance between each house 

and the nearest wind turbine in the dataset (tdis) 

and to identify transactions within a 10-mile radius 

of a wind turbine. Transactions inside 5 miles were 

used for the base model, while those outside of 5 

miles were retained for the robustness tests. This 

resulted in a total of 122,198 transactions within 

5 miles of a turbine (and 312,677 within 10 miles 

of a turbine). Additionally, a binary variable was 

created if a home was within a half mile of a turbine 

Legend 
a Landfills -- Transmission Lines 

+ Turbines -- Highways 

@ Prisons [_--= :·] 5 Mile Transac!ion Area 

Beaches 10 Mile Transaction Area 

or not (halfmi/e ), which was used in the base model. 

As discussed above, the robustness models used 

additional distance variables, including if a home 

was within a quarter mile of a turbine (qtrmile) and 

if a home was outside a half mile but within I mile 

(outsideha/f). 

3.3.4 Time of Sale Relative to 
Announcement and Construction 
Dates of Nearby Turbines 

Using the announcement and construction dates 

of the turbine nearest a home and the sale date of 

the home, the facility development period (fdp) 

was assigned one of four values: the sale was more 

than 2 years before the wind facility was announced 

rl:,;li1lio11sl1i1) i-11,tw,:nn VVi11d Turbine:; :-ind f~osi(!s·,nti,11 Prop<-,rty Vctl11,1s in fv1;1sscichusetts 24 
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Table 2: Distribution of Transaction Data Across Distance and Period Bins 

0-0.25mile 60 9 

0.04% 0.02% 

0.25-0.5mile 434 150 

0.25% 0.39% 

0.5-1mile 3,190 805 

1.9% 2.1% 

1-Smile 62,967 14,652 

37% 38% 

5-10mile 104,188 22,491 

61% 59% 

Total 170,839 38,107 

100% 100% 

(prioranc),''' the sale was less than 2 years before 

the facility was announced (preanc), the sale 

occurred after facility announcement but prior to 

construction commencement (postancprecon), or 

the sale occurred after construction commenced 

(postcon). We are assuming that once construction 

was completed, the turbine went into operation. 

See Table 2 for the distribution of the 312,677 sales 

within 10 miles across the distance and period bins. 

3.3.5 U.S. Census 

Using GIS software, the U.S. Census tract and block 

group of each home were determined. The tract 

24 'this first period, more than two years before announcement, was 
used to ensure that these transactions likely occurred before the 
community was aware of the development. Often prior lo the 
announcement of the project, wind developers arc active in the 
area, potentially, arranging land leases nnd testing/measuring 
wind speeds, which can occur in the two years before an official 
announcement is made. 

14 38 121 

0.03% 0.06% 0.04% 

210 192 986 

0.47% 0.33% 0.32% 

813 1,273 6,081 

1.8% 2.2% 1.9% 

17,086 20,305 115,010 

38% 34% 37% 

26,544 37,256 190,479 

59% 63% 61% 

44,667 59,064 312,677 

100% 100% 100% 

delineation was used for the base model, and the block 

group was used for one of the robustness tests. In both 

cases) the Census designations were used to control for 

"neighborhood" fixed effects across the sample. 

3.3.6 Amenity and Disamenity Variables 

Data were obtained from the Massachusetts Office of 

Geographic Information (MassGIS) on the location 

of beaches) open space,25 electricity transmission 

lines, prisons, highways, and major roads." As 

discussed above, these variables were included in 

the model to control for and allow comparisons to 

amenities and disamenities in the study areas near 

25 Ihc protected and recreational open space data layer contains 
the boundaries of conservation land and outdoor recreational 
facilities in Massachusetts. 

26 Office of Geographic Information {MassGIS), Commonwealth 
of Massachusetts, Information Technology Division. (www.mass. 
gov/mgis). 
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turbines. Based on the data, variables were assigned 

to each home in the dataset using GIS software. If a 

home was within 500 feet of a beach, it was assigned 

the variable beach500ft, and if a home was outside 

of 500 feet but inside of a half mile from a beach 

it was assigned the variable beachhalf. Similarly, 

variables were assigned to homes within a half mile 

of a publicly accessible open space with a minimum 

size of 25 acres (openha/f), a currently operating 

landfill (fillhal/), or a prison containing at least some 

maximum-security inmates (prisonha/f). Variables 

were also assigned to homes within 500 feet of an 

electricity transmission line (/ine500ft), a highway 

(hwy500ft) or otherwise major road (major500ft). 27 

Figure 4 shows the location of these amenities and 

disamenities (except open space and major roads) 

across Massachusetts. 

3.3.7 Spatially and Temporally Lagged 
Nearest-Neighbor Characteristics 

Using the data obtained from Warren Group for 

the home and site characteristics, x/y coordinates 

and the sale date, a set of spatially and temporally 

lagged nearest neighbor variables were prepared to 

be used in a robustness test. For each transaction the 

five nearest neighbors were selected that: transacted 

Table 3: Summary of Characteristics of Base Model Dataset 

sp 

lsp 

sd 

sale price $322,948 $238,389 
. ----- ------··----

12.49 log of sale price 

sale date 10/19/04 

sy __ _ 

syq 

sfla1000 

acre* 

acrelt1 * 

age 

agesq 

bath** 

wtdis 

fdp 

annacre 

sale year 

sale year and quarter (e,g., 20042 - 2004, 2nd quarter) 

square feet of living area (1000s of square feet) 

number of acres 

the number of acres less than one 

age of home at time of sale 
----------------

age of home squared 
----

the number of bathrooms 

distance to nearest turbine (miles) 

wind facility development period 

average nearest neighbor's acres 

·----

annage average nearest neighbor's age 
'----

annagesq average nearest neighbor's agesq 
'------~ 

annsfla 1000 average nearest neighbor's sfla1000 
---

2004 

20042 

1.72 

0.51 

-0.65 

54 

4671 

1.9 

3.10 

1.95 

0.51 

53.71 

4672 

1.72 

0.60 

1522 
·---·· 

4 

42 

0.78 

1.1 

0.31 

42 

4764 

0.79 

1.20 

1.18 

0.93 

30.00 

4766 

0.53 

$40,200 

10.6 

$265,000 $2,495,000 

12 14.72 
·----• ... .,----"·------ . ---··· 

3/3/98 2/6/05 11/23/12 
--·-·-- ·-- .. 

1998 2004 2012 
---·-

19981 20043 20124 

0.41 1.6 9.9 
-------·-----

0.0054 0.23 25 

-0.99 -0.77 0 
·-----

-1 47 359 

0 3474 68347 

0.5 1.5 10.5 

0.098 3.2 5 

4 
·----·---··--

0.015 0.25 32 
···--------

-0.8 52 232 

0 3474 68347 

0.45 1.6 6.8 

Note: Sample size for the foll dataset is 122,198 

-----·------------------
Together acrcltl and acre arc entered into the model as a spline function with acreltl 
applying to values from Oto I acres (being entered as values from - I to 0, respectively) 
and acre applying to values from l to 25 acres. 

27 Highw,1ys and majors road arc mutually exclusive by our definition 
despite the fact that highways arc also considered rnajor roads. '" Bath is calculated as follows: number of bathrooms+ (number of half bathrooms ~o.s) 
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Figure 5: Locations of Houses in Relation to Wind Turbines 

0 12.5 25 50 Miles 

within the preceding 6 months and were the closest 

in terms of Euclidian distance. Using those five 

transactions, average 1000s of square feet of living 

space (annsflalOOO), average acres (annacre), average 

age (annage), and age squared (annagesq) of the 

neighbors were created for each home. 1hese four 

variables were used in the robustness test. 

3.3.8 Summary Statistics 

1he base model dataset includes all home sales within 

5 miles of a wind turbine, which are summarized in 

Table 2. The average home in the dataset of 122,198 

sales from 1998 to 2012 has a sale price of $322,948, 

sold in 2004, in the 2nd quarter, has 1,728 square feet of 

living area, is on a parcel with a lot size of 0.51 acres, is 

Legend 
+ Turbines 

5 Mlle Radius 

10 Mile Radius 

54 years old, has 1.9 bathrooms, and is 3.1 miles from 

the nearest turbine. As summarized in Table 2, of the 

122,198 sales within 5 miles of a turbine, 7,188 (5.9%) 

are within 1 mile of a turbine, 1,107 (approximately 

0.9%) are within a half mile, and 121 ( 0.1 %) are within 

a quarter mile. In the post-construction period, 1,503 

sales occurred within 1 mile of a turbine, and 230 

occurred within a half mile. 1hese totals are well above 

those collected for other analyses and are therefore 

ample to discover considerably smaller effects. For 

example, as discussed in Section 2.5 above, an eftect 

larger than 2.5% should be detectable within 1 mile, 

and an eftect larger than approximately 4 % should 

be detectable within a half mile, given the number of 

transactions that we are analyzing. Figure 5 shows the 

spatial distribution of sales throughout the sample area. 

ffolationship between Wind TurbilH1s ,ind H0sidenti,1l Property Values in Massachusetts 
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3.4 Results 

3.4.1 Base Model Results 

The base model results for the turbine, amenity, 

and disamenity variables are presented in Table 4 

(with full results in the Appendix). The base model 

has a high degree of explanatory power, with an 

adjusted-R' of 0.80, while the controlling variables 

are all highly significant and conform to the a priori 

assumption as far as sign and magnitude ( e.g., 

Sirmans et al., 2006)." The model interacts the four 

wind-facility periods with each of the controlling 

variables to test the stability of the controlling 

variables across the periods (and the subsamples 

they represent) and to ensure that the coefficients 

for the wind turbine distance variables, which are 

also interacted with the periods, do not absorb any 

differences in lhe controlling variables across the 

periods." The controlling variables do vary across 

the periods, although they are relatively stable. For 

example, each additional thousand square feet of 

living area adds 21 %-24% to a home's value in each 

of the four periods; the first acre adds 14%-22% 

lo home value, while each additional acre adds 

1 %-2%; each year a home ages reduces the ho1ne's 

value by approximately 0.2% and each bathroom 

adds 6%-11 % to the value. Additionally, the sale 

years are highly statistically significant compared 

to the reference year of 2012; prices in 1998 are 

approximately 52% lower, and prices in 2005 and 

2006 are approximately 31 % and 28 % higher, after 

28 All models are estimated using the .areg procedure in Stata MP 
12.l w!th robust estimates, which corrects for heteroskedasticity. 
1hc eflecls of the census tracts are absorbed. Results are robusl to 
an estimation using the .reg procedure. 

29 The results arc robust to the exclusion of these interactions, but 
theoretically we believe this model is the most appropriate, so it is 
presented here. 

which prices decline to current levels. Finally, there 

is considerable seasonality in the transaction values. 

Compared to the reference third quarter, prices in 

the first quarter are approximately 7% lower, while 

prices in the second and fourth are about 1 %-2% 

lower (see Appendix for full results). 

Similar to the controlling variables, the coefficients 

for the amenity and disamenity parameters are, for 

the most part, of the correct sign and within the range 

of findings from previous studies. For example, being 

within 500 feet of a beach increases a home's value by 

21 %-30%, while being outside of 500 feet but within 

a half mile of a beach increases a home's value by 

5%-13%, being within 500 feet of a highway reduces 

value by 5%-7%, and being within 500 feet of a major 

road reduces value by 2%-3%. Being within a half 

mile of a prison reduces value by 6%, but this result is 

only apparent in one of the periods. Similarly, being 

within a half mile of a landfill reduces value by 12% 

in only one of the periods, and being within a half 

mile of open space increases value by approximately 

1 % in two of the periods. Finally, being within 500 

feet of an electricity transmission line reduces value 

by 3%-9% in two of the four periods. As noted above, 

the wind development periods are not meaningful as 

it relates to the amenity/disamenity variables, because 

they all likely existed well before this sample period 

began, and therefore the turbines. That said, they do 

represent different data groups across the dataset ( one 

for each wind development period), and therefore are 

illustrative of the consistency of findings for these 

variables, with beaches, highways and major roads 

showing very consistent results, while electricity 

transmission lines, open space, landfills and prisons 

showing more sporadic results. 

Turning now to the variables that capture the 

effects in our sample, for being within a half mile 

of a turbine, we find interesting results (see Table 
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Table 4. Selected Results from Base Model 

Variables 

halfmile 

Description 

within a half mile of a wind turbine 

~ . • · _ ~ini;I Facl/itJ( Develoement Rerloo 

prioranc 

coefficient 

preanc 

coefficient 

postanc- postcon 
precon 

coefficient coefficient 
---

---~p-valu __ e ___ _p~value ____ p-valu~- _ _ p-value -·· 

-5, 1°/o*** -7.1%*** -7.4%*** -4.6%* 
-------

0.000 0.002 0.000 

Net Difference Compared to prioranc Period 
-2.3% 

0.264 

25.3%*** 

0.081 

0.5% 

0.853 

20.8%*** 30.4%*** 25.9%*** 
beachSOOft within 500 feet of a beach 

0.000 0.000 0.000 0.000 

beachhalf 

openhalf 

lineSOOft 

prisonhalf 

within a half mile and outside of 500 feet 

of a beach 

within a half mile of open space 

within 500 feet of a electricity transmis

sion line 

within a half mile of a prison 
----·-. --- ---·---- -"" ----

--------
5.3%*** 8.8%*** 8.7%*** 13.5%*** 

0.000 0.000 0.000 0.000 
---

0.6%** 0.1% 0.1% 0.9%* 

0.021 0.729 0.903 0.062 

-3%*** -0.9% -0.9% -9.3%*** 

0.001 0.556 0.522 0.000 

-5.9%*** 2.6% 2.8% -2.3% 

0.001 0.291 0.100 0.829 

-3.7%*** -5.3%*** 
hwySOOft within 500 feet of a highway ------------

0.000 0.000 0.000 0.000 

-7.3°/o*** __ ._cs_:::.2°/o*** 

---- -·---- ,,, _____ ,, ______ ,,, _________ ,, __ _ 
-2.8%*** -2.3%*** -2.5%*** -2%*** 

major500ft within 500 feet of a major road 
0.000 

--------'=_:_:_ __ 
0.000 0.000 0.000 

fillhalf 

sfla1000 

acre 

acrelt1 

age 

agesq* 

bath 

within a half mile of a landfill 
-- -----

living area in thousands of square feet 

1.8% -0.9% ---------
0.239 ___ 0_.7_80 __ 

1% 

0.756 

22.9%*** 21.4%*** 22.6%*** 

0.000 0.000 0.000 

-12.2%*** 

0.002 

23.5%*** 

0.000 

1.1%*** 1.9%*** 1.3%*** -0.02% 
lot size in acres 

_______ 0.000 

21.7%*** 

o.ooo ___ o:c.o::co=-=o __ _____:o.863 

17.2%*** 14.7%*** 22.1%*** 
lot size less than 1 acre -- ___ ,,,_ ----"" ---····· ---- ------·-

0.000 0.000 0.000 0.000 

-0.2%*** -0.2%*** -0.2%*** -0.2%*** ---=_:_:_ ____ =:_:__ ___ =_:_:_ __ 
age of the home at time of sale 

0.000 

0.6%*** 
age of the home at time of sale squared* ------

0.000 

6.4%*** 

0.000 0.000 0.000 

0.5%*** 0.6%*** 0.8%*** 
---

0.000 0.000 0.000 

7.9%*** 8.4%*** 11.1%*** 
number of bathrooms 

---·- - ----- ·--- - 0.0_0_1 ____ -------'o--'.556 ___ - o_.5_2_2____ __ o._oo_o_ 
Coefficients represent the percentage change in prici: for every unit of change in the characteristic. For example, the model estimates that price 
i11cl'eases by approximately 23% for eve,y 1000 addilionnl sq11nre feet. Co~fficient values we reported as percentages, although the ac/11/ll conversion is 
IO(P(exp(b)-1)% (Halvarsell and Palmquist, 1980). 111 most rnses, the differences lietween the two are de mini mis, tlwugh. /argercoefficient w1/11es would 

br slig/itly larger after wnwrsion. 

p-value is a mrnsiire of how likely /he esli111t1/e is differe11/ from zrro (i.r::., no effect) by chance. Jlw lower /he p-va/11e, the 11wre likely the estimate is 
expected to be dijferrnt from zero. A p-w1lue of less tlian o_ 10 is considered stalistirnlly sig11ijirn11t, with higher levels of significance being denoted as 
follows:* 0.10, n 0.05, **'0.01. 

~ rnejficirnt va/11es are multiplied by 1000 for reporting purposes 011/y 
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4). The coefficients for the haljmile variable over 

the four periods are as follows: prioranc (sale 

more than 2 years before the nearest wind turbine 

was announced) -5.1 %, preanc (less than 2 years 

before announcement) -7.1%, postancprecon (after 

announcement but before the nearest turbine 

construction commenced) -7.4%, and postcon (after 

construction commenced) -4.6%. 30 Importantly, 

our model estimates that home values within a 

half mile of a future turbine were lower than in 

the surrounding area even before wind-facility 

announcement. In other words, wind facilities 

in Massachusetts are associated with areas with 

relatively low home values, at least compared 

to the average values of homes more than a half 

mile but less than 5 miles away from the turbines. 

Moreover, when we determine if there has been 

a "net" effect from the arrival of the turbines, 

we must account for this preexisting prioranc 

difference. The net postancprecon effect is -2.3% 

([-7.4%] - [-5.1%] = -2.3%; p-value 0.26). The net 

postcon effect is 0.5% ([-4.6%] - [-5.1%] = 0.5%: 

p-value 0.85). 31 Therefore, after accounting for the 

"pre-existing price differential" that predates the 

turbine's development, there is no evidence of an 

additional impact from the turbine's announcement 

or eventual construction. 

3.4.2 Robustness Test Results 

To test and possibly bound the results from the 

base model, several robustness tests were explored 

(Section 3.2): 

30 Although a post-construction effect is shown here and for all other 
models, a post-opcrntion (after the turhinc was commissioned 
and began operation) cffCct was also estimated and was no 
different than this post-construction effect. 

31 'Jhcse linear combinations arc estimated using the post-estimation 
.lincom test in Stata MP 12.1. 

I. Impacts within a quarter mile 

2. Impacts between a half and 1 mile 

3. Impacts inside of a half mile when data between a half 

mile and 10 miles were used as a reference category 

4. Impacts inside of a half mile when data between 

5 miles 10 miles were used as a reference category 

5. The inclusion of style (of the home) and heat 

(type of the home) variables 

6. The use of the census block group as the fixed 

effect instead of census tract 

7. Relaxing the screens (e.g., sale price between $40,000 

and $2,500,000) used to create the analysis dataset 

8. The removal of outliers and influential cases 

from the analysis dataset 

9. 1he inclusion of spatially/temporally lagged 

variables to account for the presence of spatial 

autocorrelation. 

Table 5 shows the robustness test results and the base 

model results for comparison ( the robustness models 

are numbered in the table as they are above). For brevity 

only the "net" differences in value for the postancprecon 

and postcon periods are shown that quantify the 

postancprecon and postcon effects after deducting the 

diflerence that existed in the Priorperiod.32 'lhroughout 

the rest of this section, those effects will be referred to as 

net postancprecon and net postcon. 

There are a number of key points that arise from 

the results that have implications for stakeholders 

involved in wind turbine siting. For example, 

the effects for both the net postancprecon and net 

postcon periods for sales within a quarter mile of a 

turbine are positive and non-significant (which is 

believed to be a circumstance of the small dataset 

32 1hc foll set of robustness results is available upon request. 

30 

Exhibit A15-6

 
015649



'' '!' .. 

;c:;· 

Table 5: Robustness Results 

# Model Name n AdjR2 

~ 0,2~ -p,iorAnndGncement~"'" ~ §=''Net" P:ostAnnounctment ""-""'"' ,,t'Net" PostConstnid;lon 
,t "" TurblneBffeg0 1v0:- N PriCon$truc:tlonTurblneEffett - TutblneEffe¢:t 

inside 1/4 
mile 

coef 

ins/de 1/2 
mile 

between 
1/2 and 1 

mile 

inside 1/4 
mile 

Inside 1/2 
mile 

between 
112 and 1 

mile 

imiide 1/4 
mUe 

inside 112 
mile 

between 
1/2 and 1 

mile 
coef 

_p-va_l_~e __ _e::_valu~_ p ~alue p VJI~_ p--~lue p valu_e p value _ _e_-:yalue 

Base Model 
-5, 1%**"' -2.3% 0.5% 

_ ,_o_e_f____ coef _ co_ef ___ co!f ___ ,oe1c~ ~ 

___ 
1
_
2
_
2
_, 
198 

__ 
0
_·
8
_
0_r~···---====--O.o0_o __ - -- --o-,-6;, --- ---o ss_3 __ _ 

Inside 1/4 mile 

2 
Between 1 /2 and 
1 Mile 

3 
All Sales Out to 10 
Miles 

4 
Using Outside of 5 
Miles as Reference 

5 
Including Style & 
Heat Variables 

6 Using Block Group 

7 No Screens 

8 
Removing Outliers 
and Influencers 

9 
Including Spatial 
Variables 

122,198 0.80 

122,198 0.80 

312,677 0.82 

312,677 0.82 

120,292 0.81 

122,198 0.81 

123,555 0.73 

119,623 0.79 

122,198 0.80 

~-·~o/? ____ ------ 12.7% 0.7% 
0.260 ~ --~0916 ---

-5.0%*** -0.4% -2.0% 01.242°/,so _ 1,0% ___ 1_._3% 
~- 0.000 o.536 0.336 a 71s o.2as 

-5.8'%*** 

0.000 

-7.6%*** 

0.000 

-3.8°/o*** 

0.004 

-3.1%*** 

0.024 

•4,0o/o*** 

____ -3.0% 

0.886 

1.6% 

0.435 

-3.3% 

1-t-
.l 

~1~~-= l--

1.0% 

0.724 

1.1% 

0.695 

2.8% 

0.336 

-2.6% 

0.324 

.Q.8% 
-· -----------./~~~:·_'._. __ =f ~::; . f: ~ ::: 

--,------. -.-:,-I-~-:-.. -_-_-=t==- _ji; -= -- !:::~ ·---
Srmi.<liwl Sig11ijinma: ' 0. JI), " 0.05. "'0.0J. Noli!: For $imp/idly, ((Jfj{kfrm mlur.< r1r,• r.-p,1r/ed a., puw1ru.~es, <111/mugli llw ,iaim/ w11v,·r,i,m ii IOO'(exp(b)·/)% (H,1lwirm1 <111J P11/m~ui.<t, /9,~0). /11 
mo;/ r,M;, th,, rl1j/"rre11ai bt'l1run rlie two mv de 111/11in11.<, tlwugh, /mg~, weJffrieul l'tJl1u, would be .,lightly /11,.~er r!fia wuvmion. 
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in that distance range, see Table 2), providing 

no evidence of a large negative effect near the 

turbines. Further, there are weakly significant net 

postancprecon impacts for relaxing the screens 

(-4.6%), indicating a possible effect associated with 

turhine announcement that disappears after turbine 

construction. Finally, and most importantly, 

no model specificalion uncovers a statistically 

significant net postcon impact, bolstering the base 

model results. Moreover, all net postcon estimates 

for homes within a half mile of a turbine fall 

within a relatively narrow band that equally spans 

zero (-2.6% to 2.8%), further reinforcing the non

significant results from the base model. 
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·n1e study estimated a base hedonic model along 

with a large set of robustness models to test and 

bound the results. These results are now applied to 

the research questions listed in Section 3. 

4.1 Discussion of Findings 
in Relation to Research 
Questions 

QI) Have wind facilities in Massachusetts been 

located in areas where average home prices were 

lower than prices in surrounding areas (i.e., a "pre

existing price differential")? 

To test for this, we examined the coefficient in the 

priomnc period, in which sales occurred more than 

2 years before a nearby wind facility was announced. 

The -5.1 % coefficient for the prioranc period (for 

home sales within a half mile of a turbine compared 

to the average prices of all homes between a half and 

5 miles) is highly statistically significant (p-value < 

0.000). This clearly indicates that houses near where 

turbines eventually are located are depressed in 

value relative to their comparables further away. 

Other studies have also uncovered this phenomenon 

(Hoen et al., 2009; Hinman, 201 O; Hoen et al., 2011 ). 

If the wind development is not responsible for these 

lower values, what is? 

Examination of turbine locations reveals possible 

explanations for the lower home prices. Six of 

the turbines are located at wastewater treatment 

plants, and another eight are located on industrial 

sites (Table 1). Some of these locations (for 

example, Charlestown) have facilities that generate 

large amounts of hazardous waste regulated by 

Massachusetts and/or the U.S. Environmental 

Protection Agency and use large amonnts of 

toxic substances that must be reported to the 

Massachusetts Department of Environmental 

Protection.33 Regardless of the reason for this "pre

existing price differential" in Massachusetts, the 

effect must be factored into estimates of impacts 

due to the turbines' eventual announcement and 

construction, as this analysis does. 

Q2) Are post-construction (i.e., after wind-facility 

construction) home price impacts evident in 

Massachusetts, and how do Massachusetts results 

contrast with previous results estimated for more 

rural settings? 

To test for these effects, we examine the "net" 

postcon effects (postcon effects minus prioranc 

effects), which account for the "pre-existing price 

differential" discussed above. In the base model, 

with a prioranc effect of -5.1 % and a postcon eflect 

of -4.6%, the "net" effect is 0.5% and not statistically 

significant. Similarly, none of the robustness models 

reveal a statistically significant "net" effect, and 

the range of estimates from those models is -2.6% 

to 2.8%, effectively bounding the results from the 

base model. Therefore, in our sample of more than 

122,000 sales, of which more than 21,808 occurred 

33 See, e.g., http:/tvv,vw.mass.gov/unf/research-and-tech/it-serv
and-support/application-serv/office-of-gcographic-information
massgis/datalayers/dep-bwp-major-facilities-.html 
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after nearby wind-facility construction began (with 

230 sales within a half mile), no evidence emerges 

of a postcon impact. 111is collection of postcon data 

within a half mile (and that within 1 mile: n = 
1,503) is orders of magnitude larger than had been 

collected in previous studies and is large enough to 

find effects of the magnitude others have claimed 

to have found ( e.g., Heintzelman and Tuttle, 2012; 

Sunak and Madlener, 2012)."' 1herefore, if effects 

are captured in our data, they are either too small or 

too sporadic to be identified. 

These postcon results conform to previous analyses 

(Hoen, 2006; Sims et al., 2008; Hoen et al., 2009; 

Hinman, 2010; Carter, 2011; Hoen et al., 2011). Our 

study differed from previous analyses because it 

examined sales near turbines in 1nore urban settings 

than had been studied previously. Contrary to what 

might have been expected, there do not seem to 

be substantive differences between our results and 

those found by others in more rural settings, thus it 

seems possible that turbines, on average, are viewed 

similarly (i.e., with only small differences) across 

these urban and rural settings. 

Q3) Is there evidence of a post-announcement!pre

construction effect (i.e., an ''anticipation effect")? 

To answer this question, we examine the "net" 

postancprecon effect (postancprecon effect of -7.4% 

minus prioranc effect of -5. l %), which is -2.3% and 

not statistically significant. 1his base model result is 

bounded by robustness-model postancprecon effects 

ranging from -4.6% to 1.6%. One of the robustness 

34 "!hough, as discussed earlier, their findings might be the result of 
their continuous distance specification and not the result of the 
data, moreover, although Heintzelman & Tuttle claim to have found 
a postcon effect, their data primary occurred prior lo construction. 

models reveals a weakly statistically significant effect 

of -4.6% (p-value 0.07) when the set of data screens 

is relaxed. It is unclear) however) whether these 

statistically significant findings result from spurious 

data or multi-collinear parameters, examination of 

which is outside the scope of this research. Still, it is 

reasonable to say that these postancprecon results, 

which find some effects, might conform to effects 

found by others (Hinman, 2010), and, to that extent, 

they might lend credence to the "anticipation effect" 

put forward by Hinman and others (e.g., Wolsink, 

2007; Sims et al., 2008; Hoen et al., 20ll), especially 

if future studies also find such an effect. For now, we 

can only conclude that there is weak and sporadic 

evidence of a postancprecon effect in our sample. 

Q4) How do impacts near turbines compare to the 

impacts of amenities and disamenities also located 

in the study area, and how do they compare with 

previous findings! 

The effects on house prices of our amenity and 

disamenity variables are remarkably consistent 

with a priori expectations and stable throughout 

our various specifications. The results clearly show 

that home buyers and sellers accounted for the 

surrounding enviromnent when establishing h01ne 

prices. Beaches (adding 20% to 30% to price when 

within 500 feet, and adding 5% to 13% to price 

when within a half mile), highways (reducing price 

4% to 8% when within 500 feet), and major roads 

(reducing price 2% to 3% when within 500 feet) 

affected home prices consistently in all models. 

Open space (adding 0.6%-0.9% to price when within 

a half mile), prisons (reducing price 6% when within 

a half mile), landfills (reducing price 13% when 

within a half mile) and electricity transmission 

lines (reducing price 3%-9% when within 500 feet) 

affected home prices in some models. 
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Our disamenity findings are in the range of findings 

in previous studies. For example, Des Rosiers 

(2002) found price reduction impacts ranging 

from 5% to 20% near electricity transmission lines; 

although those impacts faded quickly with distance. 

Similarly, the price reduction impacts we found near 

highways and major roads appear to be reasonable, 

with others finding impacts of0.4% to 4% for homes 

near "noisy" roads (Bateman et al., 2001; Andersson 

et al., 2010; Blanco and Flindell, 2011; Brandt and 

Maennig, 2011). Further, although sporadic, the 

large price reduction impact we found for homes 

near a landfill is within the range of impacts in 

the literature (Ready, 2010), although this range 

is categorized by volume: an approximately 14% 

home-price reduction effect for large-volume 

landfills and a 3% effect for small-volume landfills. 

The sample oflandfills in our study does not include 

information on volume, thus we cannot compare 

the results directly. 

Our amenity results are also consistent with previous 

findings. For example, Anderson and West (2006b) 

found that proximity to open space increased home 

values by 2.6% per mile and ranged from 0.1 % to 

5%. Others have found effects from being on the 

waterfront, often with large value increases, bul 

none have estimated effects for being within 500 

feet or outside of 500 feet and within a half mile of a 

beach, as we did, and therefore we cannot compare 

results directly. 

Clearly, home buyers and sellers are sensitive to the 

home's environment in our sample, consistently 

seeing more value where beaches, and open space 

are near and less where highways and major roads 

are near-with sporadic value distinctions where 

landfills, prisons and electricity line corridors are 

near. This observation not only supports inclusion 

of these variables in the model~because they 

control for potentially collinear aspects of the 

environment ~but it also strengthens the claim that 

the market represented by our sample does account 

for surrounding amenities and disamenities which 

are reflected in home prices. Therefore, buyers and 

sellers in the sample should also have accounted for 

the presence of wind turbines when valuing homes. 

Q5) Is there evidence that houses that sold during 

the post-announcement and post-construction 

periods did so at lower rates than during the pre

announcement period? 

To test for this sales-volume effect, we examine 

the differences in sales rate in fixed distances from 

the turbines over the various development periods 

(Table 2). Approximately 0.29% percent of all 

homes in our sample (i.e., inside of 10 miles from a 

turbine) that sold in the prioranc period were within 

a half mile of a turbine. That percentage increases to 

0.50% in the postancprecon period and then drops to 

0.39% in the postcon period for homes within a half 

mile of a turbine. Similarly, homes located between 

a half mile and 1 mile sold, as a percentage of all 

sales out to 10 miles, at 1.9% in the prioranc period, 

1.8% in the postancprecon period, and 2.2% in the 

postcon period (and similar results are apparent for 

those few homes within a quarter mile). Neither of 

these observations indicates that the rate of sales 

near the turbines is affected by the announcement 

and eventual construction of the turbines, thus we 

can conclude that there is an absence of evidence to 

support the claim that sales rate was affected by the 

turbines. 35 

35 111isrnnch1sion was confirmed with Friedman's lwo-way Analysis 
of Variance for related samples using period as the ranking factor, 
which confirmed that the dislrihutions of the frequencies across 
periods was statistically the same. 
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4.2 Conclusion 

This study investigates a common concern of 

people who live near planned or operating wind 

developments: How might a home's value be 

affected by the turbines? Previous studies on this 

topic, which have largely coalesced around non

significant findings, focused on rural settings. Wind 

facilities in urban locations could produce markedly 

different results. Nuisances from turbine noise 

and shadow flicker might be especially relevant in 

urban settings where other negative features, such 

as landfills or high voltage utility lines, have been 

shown to reduce home prices. To determine if wind 

turbines have a negative impact on property values 

in urban settings, this report analyzed more than 

122,000 home sales, between 1998 and 2012, that 

occurred near the current or future location of 41 

turbines in densely-populated Massachusetts. 

The results of this study do not support the claim 

that wind turbines affect nearby home prices. 

Although the study found the effects on home 

prices from a variety of negative features (such as 

electricity transmission lines, landfills, prisons and 

major roads) and positive features (such as open 

space and beaches) that accorded with previous 

studies, the study found no net effects due to the 

arrival of turbines in the sample's c01nmunities. 

Weak evidence suggests that the announcement of 

the wind facilities had an adverse impact on home 

prices, but those effects were no longer apparent 

after turbine construction and eventual operation 

commenced. The analysis also showed no unique 

impact on the rate of home sales near wind turbines. 

These conclusions were the result a variety of model 

and sample specifications. 

4.3 Suggestions for Future 
Research 

Although our study is unparalleled in its 

methodological scope and dataset compared to 

the previous literature in the subject area, we 

recommend a number of areas for future work. 

Because much of the existing work on wind 

turbines has focused on rural areas-which is where 

most wind facilities have been built-there is no 

clear understanding of how residents would view 

the introduction of wind turbines in landscapes 

that are already more industrialized. Therefore, 

investigating residents' perceptions, through survey 

instruments, of wind turbines in more urbanized 

settings may be helpful. Policy-makers may also 

be interested in understanding the environmental 

attitudes and perceptions towards wind turbines 

of people who purchase houses near wind turbines 

after they have been constructed. Also, our study 

has aggregated the effects of wind turbines on the 

price of single-family houses for the study area as a 

whole. Although the data span an enormous range 

of sales prices, and contain the highest mean value 

of homes yet studied, it might be fruitful to analyze 

impacts partitioned by sales price or neighborhood 

to discover whether the effects vary with changes in 

these factors. 

Finally, in our study we did not investigate the 

ownership structure of the turbines (i.e., in 

Massachusetts some projects benefit town budgets 

while others are owned by private entities) 

and assess whether any benefits accrued to 

surrounding communities, factors that the existing 

literature suggests are important determinants of 

community perceptions. This was considered 

beyond the scope of the existing study, but could 

be addressed in future research. 
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Intercept 12.15 0,01 1133.88 0.000 

within a half mile of a wind .turbine 
---------'"-- ·-------""'" ---------

prioranc -0.051 0.01 -3.95 0.000 

preanc -0.071 0.02 -3.08 0.002 

postancprecon -0.074 0.02 -4.34 0.000 

postcon -0.046 0.03 -1.74 0.081 

Net Difference Compared to prloranc Period-within a half mile of a wind tufbine 
__ ,_,,,, --···- -------

-0.023 0.02 -1.12 0.264 
--- --- ---postancprecon 

postcon 
--- ---

0.005 0.03 0.19 0.853 
-------·· ---- ------ -------------~ 
within 500 feet of a electricity transmission line --- -----·-·--· ---- ---- ______________ ,, ___ _ 
prioranc 

preanc 

postancprecon 

postcon 

within 500 feetof a hlghwa~---

prioranc 
---

preanc 

postancprecon 

postcon 

with!n 500 feet of a major road 
---

prioranc 

preanc 
-------- -------

postancprecon 

postcon 
--- -------------
within a half mile of a landfill 

prioranc 

prean_c __ 

postancprecon 

postcon 

---- ___ .,,, ___ _ 

within a half mile of a prison 

-0.030 0.G1 

-0.009 0.02 

-0.009 0.01 _____ _, ----

-0.093 0.02 

-0.073 O.G1 

-0.052 0.01 
-----

-0.037 

-0.053 

-0.028 _______ ,. 

-0.023 

-0.025 

-0.020 

0,018 

-0.009 

0.010 
-----

-0.122 

-0.059 

0.024 

0.01 

0.01 

0.00 

0.00 

0.00 

0.00 

0.02 

0.03 

0.03 

0.04 

0.02 

0.02 

-3.41 0.001 
-----

-0.59 0.556 

-0.64 0.522 
__ ,, ____ 

-4.79 0.000 

-14.28 0.000 

-4.57 0.000 
----- --- -

-4.16 0.000 

-3.95 0.000 

--- -----------
-12.18 0.000 

-----···---

-5.05 0.000 

-5.43 0.000 

-4.01 0.000 

1.18 0.239 
---- . 

-0.28 0.780 

0.31 0.756 
--- -----

-3.08 0.002 

-3.38 

1.05 

0.028 0.02 1.64 

prioranc 

preanc 

postancprecon 

postcon 
--- ---- - -----·----

0.001 

0.291 

0.100 

0.829 -0.020 0.09 -0.22 
---------- - ---- ---
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within 500 feet of a beach 

prioranc 0.208 0.02 12.71 0.000 

preanc 0.304 0.03 12.09 0.000 
---- --- ------- ---

postancprecon 0.253 0.02 12.72 0.000 

postcon 0.259 0.02 16.95 0.000 
----
within a half mile and outside of 500 feet of a beach ------
prioranc 0.053 0.01 10.07 0.000 

··---·· ···--··· ---·· --------

preanc 0.088 0.01 10.52 0.000 

postancprecon 0.087 0.01 11.99 0.000 

postcon 0.135 0.01 17.30 0.000 

~i-~hin a half mile of open space 

prioranc 0.006 0.00 2.31 0.021 

preanc 0.001 0.00 0.35 0.729 

postancprecon 0.001 0.00 0.12 0.903 
··---··· --·---·· ···----· 

postcon 0.009 0.00 1.87 0.062 

living area in thousands of square feet 

prioranc 0.229 0.00 86.37 0.000 
--- .. - .. ---· ------- -------------

preanc 0.214 0.01 41.62 0.000 

postancprecon 0.226 0.00 48.41 0.000 

postcon 0.235 0.01 46.58 0.000 

lot Size in acres ------···-
prioranc 0.011 0.00 6.67 0.000 

preanc 0.019 0.00 6.51 0.000 

postancprecon 0.013 0.00 4.17 0.000 

postcon -0.001 0.00 -0.17 0.863 

lot size less than 1 acre 

prioranc 0.217 0.01 34.79 0.000 

preanc 0.172 0.01 18.45 0.000 
---- ------··· ---- ... ---- --- . -----

----··· 

postancprecon 0.147 0.01 16.03 0.000 
--

postcon 0.221 0.01 21.71 0.000 

age of_the home at time of sale 

-0.0016 0.00 -21.87 0.000 prioranc 

preanc 

------· ··--··· ------- ------

-0.0016 0.00 -11.33 0.000 
---- ----

-0.0020 
---- ----

0.00 -13.99 0.000 _p_o_st_ancprec_o_n __ _ 

postcon -0.0025 0.00 -16.47 0.000 
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age of the home at time of sale squared 

prioranc 0.000006 0.00 28.55 0.000 

preanc 0.000005 0.00 17.03 0.000 
----------

postancprecon 0.000006 0.00 20.01 0.000 

postcon 0.000008 0.00 26.4 0.000 

number of bathrooms 

prioranc 0.064 0.00 29.22 0.000 
-------------" -- -----

preanc 0.079 0.00 17.98 0.000 

postancprecon 0.084 0.00 20.31 0.000 
------ ------

postcon 0.111 0.00 25.54 0.000 

sale year 

1998 -0.52 0.007 -73.48 0.000 

1999 -0.41 0.007 -58.44 0.000 

2000 -0.26 0.007 -37.59 0.000 
---------------- ----

2001 -0.13 0.007 -18.03 0.000 
---------

2002 0.02 0.007 2.33 0.020 

2003 0.14 0.007 21.26 0.000 
-----------------------

2004 0.24 0.007 37.05 0.000 

2005 0.31 0.006 49.32 0.000 

2006 0.28 0.006 43.94 0.000 

2007 0.23 0.006 37.58 0.000 
-----

2008 0.12 0.006 18.43 0.000 

2009 0.04 0.006 7.29 0.000 

2010 0.04 0.006 6.15 0.000 
--------

2011 -0.02 0.006 -3.74 0.000 
----------------

2012 Omitted 

sale quarter 

-0.07 0.002 -28.05 0.000 
-- ----------------

2 -0.02 0.002 -9.56 0.000 

3 Omitted 
----

4 -0.01 0.002 -3.03 0.002 

n 122,198 

R' 0.80 
------------- -------------

Adj R' 0.80 

F 2418 
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Q: State your name.   1 

A:  My name is David Lawrence.    2 

 3 

Q:  Did you provide Direct Testimony in the Docket on May 4, 2018?     4 

A:  Yes.   5 

 6 

Q: Did you conduct any further market research since your Direct Testimony on May 4, 7 

2018? 8 

A:  Yes.  In response to Mr. MaRous’ direct testimony indicating there was only one sale 9 

in South Dakota near a wind project, I performed research in Brookings County to identify 10 

sales that have been influenced by a wind tower, turbine or wind project.  My preliminary 11 

research identified thirteen arm’s length transfers in the proximity of a wind tower.  Of 12 

these thirteen sales, six sales were rural residential properties, and seven sales were 13 

agricultural properties.  With the time requirements of my direct testimony, hearings and 14 

preliminary research, I was not able to investigate and verify the Brookings sales research 15 

before the filing deadline.  Since submission of my Direct Testimony, I have taken the 16 

opportunity to study the Brookings sales research.  A summary of the research is found in 17 

the addendum of my testimony, identified as Exhibit 1.  18 

 19 

 20 

 21 
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Q: Can you briefly describe the scope of work that was applied to the Brookings County 1 

sales? 2 

A:  Due to time constraints of the June 12, 2018 hearing, I was not able to perform a 3 

complete case-by-case analysis for the thirteen sales identified. I did prioritize the 4 

residential sales BK1, BK2, BK3, BK4, BK5 and BK7.  For these sales I performed a site 5 

inspection, interview analysis, and a sales analysis.  The remaining sales were analyzed 6 

with site inspections and interviews. I set out on May 23, 2018 to begin my field research 7 

and inspect each property with particular emphasis on examining the proximity of a wind 8 

tower and how the tower proximity relationship can influence rural properties.  9 

Inspections were done from the public roadway for sales BK1, BK2.5, BK6, BK7, BK9, BK10, 10 

BK11 and BK12.  In five cases the property owner was present, and I was able to complete 11 

an on-site inspection with sales BK2, BK3, BK4, BK5, and BK8.  I did not have time to drive 12 

to Jerauld County, and relied on high resolution aerial images for sale JD13 and a 13 

telephone participant interview. In addition to the BK sales, I visited several rural 14 

residential and agricultural properties in the market area influenced by a wind tower.  15 

These inspections allowed me to evaluate the influences a wind tower can have on the 16 

different property types in the market area of Brookings County.  After completing the 17 

field work, the next step was to interview as many of the participants in the transaction 18 

as possible.  I knew a buyer’s name and address, and/or a broker involved with the 19 

transaction from preliminary research I accomplished at the beginning of May.  Given the 20 

name and address, I was able to search for phone numbers.  Unfortunately, finding a 21 

working phone number for participants is becoming more difficult, but I was able to talk 22 
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with about twenty participants by phone or in person.  The objective of the interview 1 

analysis was to verify terms of the sale and to inquire whether the sale and/or subsequent 2 

use of the property were in any way affected by the proximity of a wind tower.  A set of 3 

scripted questions were asked in such a manner that no bias or preconceived notions 4 

were projected during the interview.  Based on the recorded legal documents, site 5 

inspections, and information gathered, a detailed description of BK1, BK2, BK3, BK4, BK5 6 

and BK7 was developed for the sales analysis.  The next step was to develop data on 7 

property sales that were similar in time, location and property type to each of the BK 8 

sales, but not in proximity to a wind tower.  The methodology of the analysis is similar to 9 

the sales comparison approach in the appraisal process.  To identify this research, I used 10 

the Brookings County MLS, Beacon and aerial images to confirm that each comparable 11 

sale was unaffected by a wind tower, turbine or wind project.  Then each of these sales 12 

were summarized in terms of physical characteristics and qualitatively analyzed for 13 

differences.  The uninfluenced sales were compared to the BK influenced sale for analysis. 14 

The final step was to analyze the information collected for each transaction and draw 15 

conclusions with respect to the effect, if any, of the proximity of the wind tower on the 16 

transaction or on use of the property. The summary of BK1, BK2, BK3, BK4, BK5 and BK7 17 

can be found in Exhibit 1.  As mentioned previously, I did not have sufficient time to 18 

complete a thorough analysis with each of the thirteen individual sales.  My scope of work 19 

did not include: 1) a sales analysis for sales BK6, BK8, BK9, BK10, BK11, BK12 and JD13;  2) 20 

a site visit for JD13;  3)  a review of the chain of title for each property ownership since 21 

the project first became operational; 4) a site visit and additional verification for the 22 
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comparable sales identified with MLS; 5) an analysis of the  history of the wind project(s) 1 

in Brookings County, such as installation date, tower characteristics, project capacity, 2 

project construction, operational history etc. and 6) supplemental research in the other 3 

thirteen South Dakota counties with operating wind projects.  4 

 5 

Q:   What are the results of your additional market research? 6 

A: The results of the market research are provided in the addendum and identified as 7 

Exhibit 1.  The research is presented in the following order: 8 

1. Transaction Summary Table -- sales BK1, BK2, BK3, BK4, BK5, and BK7 9 
2. Transaction Summary Table -- sales BK6, BK8, BK9, BK10, BK11, BK12 & JD13  10 
3. Interview Summary Table  11 
4. Individual Sales Analysis -- sales BK1, BK2, BK3, BK4, BK5 & BK7 12 
  13 
Q: What are your general conclusions about the research you completed? 14 

A: Based on my research within the Brookings County market, the evidence supports the 15 

presumption there have been no adverse effects on the selling price of rural residential 16 

properties in proximity to a wind tower, turbine or wind project.  However, the interview 17 

and site analysis support the presumption that proximity to a wind tower could influence 18 

the property owner’s bundles of rights, such as the right to quiet enjoyment.   Given the 19 

responses from market participants, there is a relationship between the distance from a 20 

turbine and the effects on value perceived by individual property owners who live in 21 

proximity to wind towers. Wind tower noise is the number one reason cited by market 22 

participants for a perceived impact on value; however, the sales data suggests otherwise.  23 

More specifically, the Brookings County research for rural residential properties suggests: 24 

1)  there was no discernible adverse impact on the selling prices in Brookings County that 25 
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could be supported for sales BK1, BK2, BK3, BK4, BK5 and BK7; 2) Interviews with buyers 1 

of properties near wind towers were unanimous to report the proximity of the wind tower 2 

did not influence the price they paid; 3) In six of six rural residential sales,  the market 3 

data was consistent, even though the site inspection observed influences of noise and 4 

view obstructions within the property boundaries.   5 

Although I did not complete a sales analysis for the agricultural sales, the research 6 

supports the presumption there have been no adverse effects on the selling price of 7 

agricultural properties in proximity to and within the boundaries of the property with a 8 

wind tower.  During the interview process, participants of agricultural properties were 9 

consistent to report the price paid was not affected by a wind tower and in some cases 10 

reported a stronger price per acre when the wind payments transferred with the 11 

property.  The most common issues farmers cited about wind towers is the limitation of 12 

aerial spraying, poor reclamation, and compaction issues after the installation of the 13 

towers, possible yield loss due to the inability to plant straight rows and the difficulties 14 

associated with working around the towers during planting and harvest.   Without 15 

comparison of the sales evidence with the interview evidence, the agricultural analysis is 16 

determined to be inconclusive; however, all agricultural participants were consistent to 17 

report there was no adverse effect to the price paid because of the presence of a wind 18 

tower. The summary of my research is limited to Brookings County and supported by 19 

analyzing six rural residential sales, seven agricultural sales, and twenty market 20 

participant interviews.  21 

 22 

Exhibit A15-7

 
015672



Q:  What is your response to the research and analysis completed for the Brookings 1 

County? 2 

A:  I would caution the commissioners or any reader of my testimony that the above 3 

research is only a small representation of 1 of 14 counties in South Dakota where there is 4 

an operating wind project.  With an assignment of this nature, I would typically have a 5 

multi-county or tri-state research area with a sales population of at least fifteen sales for 6 

a case-by-case analysis (per property type) with participant interviews of more than 7 

thirty.  While the research is consistent with the NBNL study and Mr. Marous’ research, a 8 

pool of six rural residential and seven agricultural sales is a limited population upon which 9 

to base conclusive results.  Brookings County represents only seven percent of the study 10 

area that is available in South Dakota for research of the impacts of wind projects on real 11 

property values.  Nevertheless, the research reported in my testimony provides a useful 12 

starting point from which to consider the facts of a particular situation, and does not rule 13 

out that an individual property could be adversely impacted from the presence of a wind 14 

tower, turbine, or wind project.  15 

 16 

Q: Mr. Mauersberg attaches the Brookings County 2015 Property Value Survey to his 17 

Rebuttal Testimony (Exhibit 1), and Mr. MaRous concurs with the study in his 18 

testimony.  Do you agree with the methodology and results of the study? 19 

A: No, I do not agree.  I have read the Brookings County 2015 Property Value Survey 20 

developed by Prevailing Winds, LLC and the results of the study could be misleading. 21 

Moreover, 1) it does not follow the accepted appraisal methodology for a study of this 22 
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type; 2) the data was developed by Prevailing Winds, LLC, who is an advocate for wind 1 

energy in South Dakota.  The purpose of a study of this nature is to promote and maintain 2 

a high level of public trust in the development and reporting of such results.  There is no 3 

way to ascertain if the assignment was developed with impartiality, objectivity, and 4 

independence.   Personal interests and bias surround the author of the study; 3)  As 5 

previously discussed in my Direct Testimony on  page thirteen, assessment value is not 6 

market value.  Assessment value can be higher or lower than market value. I have 7 

difficulty understanding the correlation in using assessment value trends to measure the 8 

impacts on market value from a wind project.  Mass appraisal techniques are used for 9 

assessing thousands of properties in the county for taxation, not determining if an 10 

individual property shows a negative or positive influence from an externality such as a 11 

wind tower.  12 

 13 

Q: Does this conclude your testimony? 14 

A: Yes. 15 
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Exhibit 1: 
 
 

Rural Residential Transaction Summary Table 

Transaction 
Reference 

Property 
Type 

Physical 
Evidence 

of 
Effects 

Interview 
Evidence 
of Effects 

Sales 
Evidence 
of Effects 

Consistency of 
Sale Evidence with 

Interview 
Evidence 

Overall 
Conclusion 

BK1 
Rural 

Residential 
Yes None None Consistent 

No 
measurable 

effects 

BK2 
Rural 

Residential 
Yes None None Consistent 

No 
measurable 

effects 

BK3 
Rural 

Residential 
Yes None None Consistent 

No 
measurable 

effects 

BK4 
Rural 

Residential 
Yes None None Consistent 

No 
measurable 

effects 

BK5 
Rural 

Residential 
*None* None None Consistent 

No 
measurable 

effects 

BK7 
Rural 

Residential 
Yes None None Consistent 

No 
measurable 

effects 
**Turbines were not in operation during the site visit of BK5. Winds light and variable. ** 
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Ag Transaction Summary Table 

Transaction 
Reference 

Property 
Type 

Physical 
Evidence 

of 
Effects 

Interview 
Evidence 
of Effects 

Sales 
Evidence 
of Effects 

Consistency of 
Sale Evidence 
with Interview 

Evidence 

Overall 
Conclusion 

BK2.5 AG None None 
Not 

Developed 
Inconclusive 

None 
apparent per 

interview 

BK6 AG None None 
Not 

Developed 
Inconclusive 

None 
apparent per 

interview 

BK8 AG/Res None None 
Not 

Developed 
Inconclusive 

None 
apparent per 

interview 

BK9 AG None None 
Not 

Developed 
Inconclusive 

None 
apparent per 

interview 

BK10 AG None None 
Not 

Developed 
Inconclusive 

None 
apparent per 

interview 

BK11 AG None None 
Not 

Developed 
Inconclusive 

None 
apparent per 

interview 

BK12 AG None None 
Not 

Developed 
Inconclusive 

None 
apparent per 

interview 

JD13 AG None None 
Not 

Developed 
Inconclusive 

None 
apparent per 

interview 
**Sales analysis not developed due to time constraints** 
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Interview 

Reference

Property 

Type
Participant Interview Summary Comments

BK1 Residential Broker Can be noisy. Limits potential buyers . Doesn't seem to affect price. 

BK2 Residential Buyer

Did not affect purchase decision. Don't like the noise. Flicker effect 

certain times of the day.  Blade broke and threw fragments near the 

house. Sounds like a continual swooshing sound when it's windy. 

BK2    

BK2.5
Res/AG Seller

Satisfied with price. Could feel vibrations inside the house. Glad not to be 

living near wind towers. Had to give up a wind lease option to sell the 

house. 

BK2.5 AG Buyer

No affect on purchase price of BK2.5.  Own & lease farmland with wind 

towers.  Live in proximity to wind towers.  Noisy. Poor reclamation after 

construction of towers; compaction & loss of yields. Difficult to farm 

around towers. Currently have farmland under contract with towers.  

BK3 Residential Broker

Some buyers won't look at home near wind towers.  However, there is 

demand for acreages in  the market and it doesn't seem to affect the 

price. 

BK3 Residential Buyer
The towers sound like jet planes when you are working in the yard.  But 

paid the same, even though they don't like the noise. 

BK4 Residential Buyer
Some noise, but doesn't bother me.  Paid the same. Happy with 

purchase. 

BK4 Residential Seller

Got tired of the annoying noise. Decided to sell. We thought it would 

effect the value; but it didn't matter to the buyer.  Glad to not be living 

next to wind towers. 

BK4 Residential Broker

Though sellers initally expressed concerns about the turbines affecting 

the price, it took only four months to sell a high-end rural home.  Agent 

doesn't think there was any effect on the price.  

BK5 Residential Broker

Really noisy.  Distracts some buyers.  Limited acreages in the market.  

Doesn't seem to be a negative effect on the price.  Distance from 

Brookings is more of a concern to buyers than the wind towers. 

BK5 Residential Buyer
Can be noisy, but didn't matter to us when we purchased the home.  Paid 

the same. No issues. 

BK6 AG Broker

Sales and manages properties with wind towers.  Doesn't seem to affect 

the price or ability to get market rents.  There are issues with towers.  

Can't aerial spray. Breaks up the land; can't plant straight rows. Some 

guys like them; some don't.  It really comes down to a personal decision. 

BK7 Residential Buyer

No affect on value.  Property value has increased.  Proximity to towers 

doesn't matter.  Little bit of noise when working in the yard.  No affect 

to animals.  No concerns or issues.

BK8 AG Buyer

No issues or concerns. Cattle don't care about the noise. Purchased the 

land on a CFD and paid market price with towers located on the quarter 

and no wind payment.  No difference in price to me. 

Interview Summary Table
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Interview 

Reference

Property 

Type
Participant Interview Summary Comments

BK9 AG Buyer

Has over 47 towers located on various ground. Lives near towers, too.  

Issues with lightning strikes and shattered blades.  The company does not 

clean up well. Good wind payments. Have some towers that pay 

$12,000/year.   Increases land value with wind payments. No affect with 

land without payments. People who complain are not getting the 

payments. Just purchased another 152 acres with a wind tower with no 

payment.  Doesn't affect the price as long as you can farm it and there 

are no affects with yields.

BK12 AG Broker

Managed auction with wind payments from two towers. Pasture land 

sold to adjoining land owner.  Wind payments $12,373 per year. Property 

sold in 2018 for $616,000.  Wind payments alone are approximately a 2% 

return and you still can lease or use the property. Believes sale price was 

positively influenced by the wind payments.  No issues with pasture land; 

have had some issues with tillable ground. Can't plant straight rows, no 

aerial spraying and can't hunt around the towers.  You can hear them run 

if you are near a tower.  Payments offset the hassles with towers. 

JD13 AG Broker

Managed a pasture land auction with towers.  Wind lease with 43 years 

remaining and a 1% annual increase.  Land sold for a 10%-15% premium 

according to auctioneer.  Some restrictions because of the towers.  You 

can't shoot around them.  Noisy and limits aerial applications. 

BKGH Residential Seller

Trying to sell a house within the proposed project area.  Currently listed 

on MLS.  Had an offer on the property, but believes the disclosure of the 

proposed wind project near the property ended the deal. 

BKDJ Residential Owner

Built retirement home prior to the wind project.  Towers within 1,000 ft 

of property on all sides.  Noisy.  Shadow and flicker effect during certain 

times of the day.  Have to deal with constant noise. Some days louder 

than others, depending of direction on the wind. Believes the towers are 

effecting his ability to sell the property. 

BKBB Residential Owner

Purchased home prior to the wind project.  There are periods of the day 

when there is a shadow effect depending on the angle of the sun.  Best 

way to describe it is like a camera flash.  The curtains in the house have 

to be closed during the flicker times. The flash scares the horses. The red 

lights, light up the night sky and destroy star gazing. The house was listed 

for sale and most potential buyers drove away when they saw how close 

the towers are to the house. The wind company over promised and 

under delievered. 

Interview Summary Table  (continued)
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SALES ANALYSIS BK1 
SALE No. BK1 

STATE South Dakota 

COUNTY Brookings 

 

  
 

Property Characteristics:  
Highest & Best Use: Rural Acreage 

Land Size: 8 Acres 
Improvements: 2003 Ranch modular design  
Finished Area: 2,356 S.F. GLA, 300 S.F. Lower Level 

Garage: Attached 2-Stall 
Features: Treed shelter belt.  (2) Pole buildings 40x96 & 34x50 

Access: Gravel road linkage 

 

Sales Analysis Data:  
Date of Sale: January 28, 2016 

Market Exposure: MLS 
Listing Price: $218,000 

Sale Price: $183,000 
Verification: Deed; Beacon; Interview with Broker 

Type:  Arm’s Length Sale 
DOM: 153 

 

Wind Project:  
Project: Buffalo Ridge 

Turbine Type: Gamesa G87 2.0 MW 
Hub Height/Rotor Diameter: 78/87 meters 

Height from Ground: 399 feet 
Wind Tower Property Notes: Encompassed by 14 wind turbines circling the property.  Tower #1 

1,200 +/- feet to the east. Tower #2 5,000 +/- feet to the northeast.  
Tower #3 3,800 +/- feet to the north. Tower #4 665 +/- feet to the 
north.  Tower #5 4,300 +/- feet to the northwest. Tower #6 5,000 +/- 
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feet to the northwest.  Tower #7 800 +/- feet west. Tower #8 2,700 +/- 
feet west. Tower #9 4,500 +/- feet southwest.  Tower #10 3,500 +/- 
feet southwest. Tower #11 3,600 +/- feet southeast.  Tower #12 750 
+/- feet southeast. Tower #13 2,400 +/- feet southeast. Tower #14 
4,000 +/- feet southeast. 

 

Wind Tower Aerial Map: 

 
 

Appreciation Analysis: 
(Influenced by Tower) Sale 1 Bk1: October 30, 2009 $166,000 
(Influenced by Tower) Sale 2 BK1: January 28, 2016 $183,000 

 6.24 Years $23,000 
BK1 Appreciation: $3,685/Year 1.64%/Year 

   
(Uninfluenced) Sale 1 486th: December 7, 2004 $133,000 
(Uninfluenced) Sale 2 486th: October 11, 2013 $145,000 

 9.25 Years $12,000 
486th Appreciation: $1,298/Year .98%/Year 

   
(Uninfluenced) Sale 213th:  August 10, 2013 $266,000 
(Uninfluenced) Sale 213th: May 24, 2018 $290,903 

 4.62 Years $24,906 
213th Appreciation: $5,390/Year 2.02%/Year 
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Conclusion: Sale BK1 has market appreciation within the range of the market 
sales that are not influenced by a wind tower, turbine or wind 
project.  

 

Site Analysis:  
Site Visit Conducted by: David Lawrence 

Site Visit Date: May 23, 2018 
View Obstruction: Wind towers within view of residence 

Noise Analysis: Operational & blade noise present during site visit.   
Interview Analysis:  

Interview Conducted by: David Lawrence 
Party Interviewed: Broker 

Interview Date: May 28, 2018 

 

Interview Notes with Broker: This is the second time the broker has sold the property. The 
property sold within 150 days.  The broker made sure to include 
pictures of the wind towers in the photos so potential buyers would 
be aware of the proximity.  The broker stated that some potential 
buyers did not like the proximity of the wind turbines, while other 
potential buyers didn’t care.  There were more issues with the 
manufactured home design than concern for the wind towers.  
Broker stated the buyers liked the majestic beauty of the towers and 
there was no detrimental effect on the selling price because of the 
proximity of the wind towers. 

 

Interview Notes with Buyer: The owner was not available during the site visit.  I left a voice mail 
message; the owner did not return my phone call.  

 

Market Sales Analysis:  
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Sale Location Map:  

 

 

Sale No. Location Sale Date Price Year/E.A. GLA Acres Style Outbuildings

BK1 Elkton 2016 $183,000 2003 2,356 8 Ranch  Pole Buildings

1 Astoria 2015 $186,000 1910 1,472 14 Story1/2 Outbuildings

Similar(=) Inferior (+) Superior(-) Similar (=) Similar(=)

2 Bruce 2015 $161,000 1952 1,134 6.44 Ranch 1-car garage

Similar(=) Inferior (+) Similar(=) Similar(=) Inferior (+)

3 White 2015 $250,000 2010 1,518 22.48 Ranch Barn/Guest House

Superior(-) Inferior (+) Superior(-) Similar(=)  Superior(-)

4 Aurora 2016 $213,000 1910 1,140 12.37 Story 1/2 Pole Building/Barn

Similar(=) Inferior (+) Superior(-) Similar(=) Similar(=)

5 Colman 2015 $155,000 1979 1,568 3.13 Ranch Quonset/Garage

Similar(=) Inferior(+) Inferior(+) Similar(=) Inferior(+)

6 Colman 2015 $180,400 1961 2,240 10 Ranch Barn/Outbuildings

Similar(=) Similar(=) Similar(=) Similar(=) Similar(=)

Sales Analysis BK1

Overall Analysis

Adjustments:

Adjustments:

Adjustments:

Comparable
Adjustments:

Adjustments:

Comparable

Inferior

Superior

Adjustments:

Inferior

Comparable
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Market Sales Analysis 
Conclusion: 

Seven sales are from the market without the influence of a wind 
tower.  All transactions have similar highest and best use and are 
bracketed by the market sales.  Sales one, four and six have stronger 
similarities for comparison and bracket the range of BK1.  The market 
evidence suggests the selling price was not affected by the proximity 
of the wind towers.  

 

Overall Conclusion: An interview analysis, site observation, and sales analysis were 
completed for BK1.  The research and data suggest the proximity of 
the wind towers did not influence the selling price.  Sale BK1 sold in 
2009 and then resold in 2016 with a market appreciation rate within 
the range of other uninfluenced sales not in the proximity of a wind 
tower. Even though there are visual & noise effects observed during 
the site visit, the interview and market data suggest the proximity of 
the wind towers has not negatively influenced sale BK1.    
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SALES ANALYSIS BK2 
SALE No. BK2 

STATE South Dakota 

COUNTY Brookings 

 

  

 

Property Characteristics:  
Highest & Best Use: Rural Acreage 

Land Size: 10 Acres 
Improvements: 1998 Story 1/2 design 
Finished Area: 1,850 S.F. GLA, 1,004 S.F. Lower Level 

Garage: Attached 1-Stall 
Features: Treed shelter belt.  Shed, storage building & hobby building 

Access: Paved highway linkage 

 

Sales Analysis Data:  
Date of Sale: March 14, 2011 

Market Exposure: MLS 
Listing Price: $339,000 

Sale Price: $235,000 
Verification: Deed; Beacon; Interview with Buyer & Seller 

Type:  Arm’s Length Sale 

 

Wind Project:  
Project: Buffalo Ridge 

Turbine Type: Gamesa G87 2.0 MW 
Hub Height/Rotor Diameter: 78/87 meters 

Height From Ground: 399 feet 
Property & Wind Tower 

Notes: 
Encompassed by 16 wind turbines. Tower #1 890 +/- feet northwest.  
Tower #2 1,700 +/- feet northwest. Tower #3 2,700 +/- feet northwest. 
Tower #4 3,600 +/- feet northwest. Tower #5 4,600 +/- feet northwest. 
Tower #6 5,400 +/- feet southwest.  Tower #7 4,500 +/- feet southwest. 
Tower #8 3,800 +/- feet southwest.  Tower #9 2,800 +/- feet southwest.  
Tower #10 2,400 +/- feet south. Tower #11 2,100 +/- feet southeast. 
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Tower #12 2,500 +/- feet southeast. Tower #13 3,600 +/- feet 
southeast.  Tower #14 4,500 +/- feet. Tower #15 5,800 +/- feet 
southeast.  Tower #16 7,000 +/- feet southeast. 

 

Wind Tower Aerial Map: 

 
 

Site Analysis:  
Site Visit Conducted by: David Lawrence 

Site Visit Date: May 23, 2018 
View Obstruction: Wind towers within view of residence 

Noise Analysis: Operational & blade noise present during site visit.   

 

Interview Analysis:  
Interview Conducted by: David Lawrence 

Party Interviewed: Buyer & Seller 
Interview Date Buyer: May 28, 2018 
Interview Date Seller: April 11, 2018 

 

Interview Notes with Buyer: The home was purchased with the assistance of a real estate agent.  
Towers were in place at the time of purchase. Turbines surrounding 
the property didn’t affect purchase decision or price paid; although 
they would prefer not to have them.  Some flicker effect and noise.  
Haven’t noticed any health effects.  When they purchased the home, 
there was an encumbrance on the title for a wind easement they had 
to work with the seller to clean up before closing.   

 

Interview Notes with Seller: (Interview performed by Northern Plains Appraisal) Sellers desired 
their privacy and would only allow an interview with NPA. Seller stated 
when they sold the house, they couldn’t get the listing price of 
$339,000, the price was lowered and sold it for what they could.  They 
also owned the adjoining land around the home.  The buyer did not 
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want any wind towers near the house and therefore had a condition of 
sale not to sign a wind lease. Seller stated it was difficult to find a buyer, 
but they were satisfied with the purchase price. Seller stated you could 
feel the vibrations in the air and towers create issues with the body.  
They are glad they do not live around wind towers.  

 

Market Sales Analysis:  

 
 

 
 
 
 

 
 
 
 

Sale No. Location Sale Date Price Year/E.A. GLA Acres Style Outbuildings

BK2 Toronto 2011 $239,000 1998 1,850 10 Story 1/2 Shed/Storage Bld

1 Arlington 2009 $214,000 2007 1,748 13 Ranch Barn/Shed/2car

Similar(=) Similar(=) Similar(=) Similar (=) Similar(=)

2 Volga 2012 $240,000 1983 1,784 4.5 Ranch Shed/Pole

Similar(=) Similar(=) Inferior(+) Similar(=) Similar(=)

3 Colman 2009 $265,000 2006 1,500 9.88 Ranch Barn/2Car/Shed

Superior (-) Inferior (+) Similar(=) Similar(=)  Superior(-)

4 Brookings 2011 $200,000 1949 1,344 9.75 Story1/2 Barn/Shed

Inferior(+) Inferior (+) Similar(=) Similar (=) Similar(=)

5 Arlington 2011 $180,000 1917 1,510 11.79 Story1/2 2cGarage/Sheds

Inferior(+) Inferior(+) Similar(=) Similar(=) Similar(=)

6 Volga 2011 $187,000 1954 1,491 5 Story1/2 Outbuildings

Inferior(+) Inferior(+) Inferior (+) Similar(=) Similar(=)
Inferior

Adjustments:

Superior
Adjustments:

Inferior
Adjustments:

Inferior
Adjustments:

Sales Analysis BK2

Overall Analysis

Comparable
Adjustments:

Comparable
Adjustments:
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Sale Location Map:  

 

 
 

Market Sales Analysis 
Conclusion: 

The analysis uses six sales from the Brookings market with similar 
highest and best use.  All sales are without the influence of a wind 
tower in proximity to the property.  Sales one and two are the most 
similar sales and bracket the selling price of the subject.  The remaining 
sales provide further market support of the selling range of market 
substitutes.  After analyzing the elements of comparison, sale BK2 is 
within the range of the uninfluenced market sales.  The data suggests 
the wind towers did not negatively influence the selling price.  

 

Overall Conclusion: An interview analysis, site visit, and sales analysis have been completed 
for BK2.  During the site visit, wind tower noise was present on the on 
the property. The buyer interview indicated this was not a factor during 
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the buying process.  There are inconsistencies between the seller 
interview and the buyer interview; however,  the sales data and the 
buyer’s interview comments are consistent.  The evidence suggests the 
proximity of the wind towers did not negatively influence the purchase 
price.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Exhibit A15-7

 
015688



SALES ANALYSIS BK3 
SALE No. BK3 

STATE South Dakota 

COUNTY Brookings 

 

  

 

Property Characteristics:  
Highest & Best Use: Rural Acreage 

Land Size: 14.28 Acres 
Improvements: 1918 Story 1/2 design 
Finished Area: 2,208 S.F. GLA   

Garage: Attached 2-Stall 
Features: Treed shelter belt.  Shed, storage building 

Access: Paved highway linkage 

 

Sales Analysis Data:  
Date of Sale: December 06, 2011 

Market Exposure: MLS 
Listing Price: $189,000 

Sale Price: $175,000 
Verification:  Deed; Beacon; Interview with Buyer & Agent 

Type:  Arm’s Length Sale 

 

Wind Project:  
Project: Buffalo Ridge 

Turbine Type: Gamesa G87 2.0 MW 
Hub Height/Rotor Diameter 78/87 meters 

Height From Ground: 399 feet 
Wind Tower Property Notes: Tower # 1 2,000 +/- feet north.  Tower #2 2,800 +/- feet northwest.  

Tower #3 3,600 +/- feet northwest. Tower #4 4,200 feet +/- northwest. 
Tower #5 4,300 +/- feet southwest. Tower #6 3,700 +/- feet southwest. 
Tower #7 2,700 +/- southwest.  Tower #8 2,200 +/- feet southwest. 
Tower #9 1,500 +/- feet south. Tower #10 1,900 +/- feet southeast.  
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Tower #11 3,400 +/- feet southeast.  Tower #12 8,500 +/- southeast. 
Tower #13 7,400 +/- feet southeast.  Tower #14 6,400 +/- feet east.   
Tower #15 4,000 +/- feet east. Tower #16 2,100 +/- northeast. Tower 
#17 875 +/- feet northeast.  

 

Wind Tower Aerial Map: 

 
 

Site Analysis:  
Site Visit Conducted by: David Lawrence 

Site Visit Date: May 23, 2018 
View Obstruction: Wind towers within view of residence 

Noise Analysis: Operational & blade noise present during site visit.   

 

Interview Analysis:  
Interview Conducted by: David Lawrence 

Party Interviewed: Buyer & Agent 
Interview Date: May 23, 2018  (Buyer) May 28, 2018 (Agent) 

 

Interview Notes with Buyer: The buyer was interested in the property because of the proximity to 
work.  When the agent showed the property, the wind towers were 
not a factor in their purchase decision.  Paid the same even though 
they do not like the noise and could see the towers from the house.  
Buyer stated the wind towers could be loud when you are working in 
the yard.        

 

Interview Notes with Agent: There is high demand for acreages in the Brookings market. Most 
buyers do not care about the wind towers. Buyers are looking for the 
features of an acreage.  Although there have been potential buyers, 
some buyers refuse to look at a property near wind towers.  The price 
seems unaffected by properties I’ve sold near wind towers.  
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Market Sales Analysis:  

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Sale No. Location Sale Date Price Year/E.A. GLA Acres Style Outbuildings

BK3 Elkton 2011 $175,000 1918 2,208 14.28 Story 1/2 Shed/Storage Bld

1 Brookings 2011 $200,000 1949 1,344 9.75 Story1/2 Barn/Shed

Similar(=) Inferior (+) Inferior(+) Similar (=) Similar(=)

2 White 2009 $163,000 1910 1,762 3.84 Story 1/2 Barn/Shed Inferior

Similar(=) Inferior (+) Inferior(+) Similar (=) Similar(=)

3 Arlington 2011 $180,000 1917 1,510 11.79 Story1/2 2cGarage/Sheds

Similar(=) Inferior(+) Similar(=) Similar(=) Similar(=)

4 Volga 2011 $204,000 1910 2,294 12.65 Story1/2 Barn/Shed/2car

Similar(=) Superior(-) Similar(=) Similar (=) Similar(=)

5 White 2012 $210,500 1938 2,405 17.12 Story1/2 Shed/Pole

Similar(=) Superior(-) Superior(-) Similar(=) Similar(=)

Inferior
Adjustments:

Adjustments:

Comparable
Adjustments:

Sales Analysis BK3

Overall Analysis

Comparable
Adjustments:

Superior
Adjustments:
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Sale Location Map:  

 

 
Market Sales Analysis 
Conclusion: 

Five sales are analyzed in the sales grid from the market area.  All sales 
are uninfluenced by the proximity of a wind tower.  Sales one and two 
are inferior sales and bracket the lower end of the range.  Sale five is 
superior and brackets the higher end of the range.  Sales three and 
four have stronger similarities. After considering the differences in the 
elements of comparison, the market evidence indicates the selling 
price was not negatively influenced by the proximity of the wind 
towers.  

 

Overall Conclusion: An interview analysis, site visit and sales analysis has been completed 
for BK3.  Although the buyer commented about the noise and view 
obstructions, the market evidence is consistent with the interview 
comments.  The evidence suggests the overall purchase price was not 
negatively influenced by the proximity of the wind tower.   
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SALES ANALYSIS BK4 
SALE No. BK4 

STATE South Dakota 

COUNTY Brookings 

 
 

  

 

Property Characteristics:  
Highest & Best Use: Rural Acreage 

Land Size: 13 Acres 
Improvements: 1989 Story ½ 
Finished Area: 2,728 SF GLA; 4500 SF Finished (Updated) 

Garage: Attached 3-Stall 
Features: Treed shelter belt.  50x112 & 160x120 Commercial Building 

Access: Gravel road linkage; paved driveway 

 

Sales Analysis Data:  
Date of Sale: November 21, 2013 

Market Exposure: MLS 
Listing Price: $569,000 

Sale Price: $530,000 
Verification:  Deed; Beacon; Interview with buyer, seller & agent 

Type:  Arm’s Length Sale 
DOM: 117 days 

 

Wind Project:  
Project: Buffalo Ridge 

Turbine Type: Gamesa G87 2.0 MW 
Hub Height/Rotor Diameter: 78/87 meters 

Height From Ground: 399 feet. 
Property & Wind Tower 

Notes: 
Tower #1 10,500 +/- feet east. Tower #2 9,200 +/- feet east.  Tower #3 
7,700 +/- feet southeast. Tower #4 6,500 +/- feet southeast.  Tower #5 
5,400 +/- feet southeast. Tower #6 4,100 +/- feet southeast. Tower #7 
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3,100 +/- feet southeast. Tower #8 2,400 +/- feet southeast. Tower #9 
1,800 +/- feet south, southeast.  

 
 

Wind Tower Aerial Map: 

 
 

Site Analysis:  
Site Visit Conducted by: David Lawrence 

Site Visit Date: May 23, 2018 
View Obstruction: Wind towers within view of residence 

Noise Analysis: Operational & blade noise present during site visit.   

 

Interview Analysis:  
Interview Conducted by: David Lawrence 

Party Interviewed: Buyer, Seller & Agent 
Interview Date Buyer: May 23, 2018 
Interview Date Seller: May 24, 2018 
Interview Date Agent: May 29, 2018 

 

Interview Notes with Buyer: Proximity to wind turbines didn’t make a difference in the purchase.  
Paid the same.  Purchased property because it had a perfect setup with 
a remodeled house and two metal buildings. Towers are south of the 
house, so it doesn’t affect the view from the house.  The towers make 
noise and you can hear them in the yard. Doesn’t matter, happy with 
the purchase.  

 

Interview Notes with Seller: We moved because we were sick and tired of the wind tower noise.  
We thought it would matter when we sold, but a buyer purchased the 
house and never mentioned the wind towers.    Didn’t have any issues 
with closing or the appraisal. We are happy not to be living next to a 
wind tower. 
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Interview Notes with Agent: Although the sellers initially expressed concerns about the turbines, 
and it took four months to sell the property, the agent does not think 
there was any real effect with potential buyers and she did not hear 
that from any other realtors regarding this property.  The home is an 
executive home and the market is smaller in that price range according 
to the agent.   

 

Market Sales Analysis:  

 
 

 
 

 
 

 
 
 
 
 

Sale No. Location Sale Date Price Year/E.A. GLA Acres Style Outbuildings

BK4 Elkton 2013 $530,000 1989 2,728 13 Story 1/2 (2) Metal Buildings

1 Brookings 2016 $578,264 1920 3,365 39.87 Story1/2 Barn/Shed

Inferior(+) Superior(-) Superior(-) Similar (=) Similar(=)

2 Brookings 2015 $482,500 2007 1,726 5 Ranch Metal Building Inferior

Similar(=) Inferior (+) Inferior(+) Similar (=) Inferior(+)

3 Esteline 2016 $480,000 2003 2,651 4.99 Story1/2 Metal Buildings

Similar(=) Similar(=) Inferior(+) Similar(=) Similar(=)

4 Aurora 2010 $455,000 1890 3,342 15 Story1/2 Barn/Shed/2car

Inferior(+) Superior(-) Similar(=) Similar (=) Inferior(+)

Sales Analysis BK4

Overall Analysis

Superior
Adjustments:

Adjustments:

Inferior
Adjustments:

Inferior
Adjustments:
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Sale Location Map:  

 

 
 

Market Sales Analysis 
Conclusion: 

No sales could be found to bracket the selling price within the time of 
the transaction date; therefore, the sales search was expanded into 
2017.  Only one sale was found prior to the selling date in 2010.  Sales 
one, two, and three occurred after the selling date in 2015 and 2016 
and located near the city of Brookings.  According the MLS data, BK4 
was the highest sale price in 2013.   The sale evidence suggests the 
selling price was not influenced by the proximity of the wind towers.   

 

Overall Conclusion: An interview analysis, site visit and sales analysis has been completed 
for BK4.  The buyer’s comments are consistent with the sales evidence.   
All evidence suggests the sale price was not affected by the proximity 
of the wind towers.  
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SALES ANALYSIS BK5 
SALE No. BK5 

STATE South Dakota 

COUNTY Brookings 

 
 

  

 

Property Characteristics:  
Highest & Best Use: Rural Acreage 

Land Size: 6.95 Acres 
Improvements: 1936 Two-Story Design 
Finished Area: 2,160 SF GLA.  Basement 864 S.F. 

Garage: Attached 1-Stall 
Features: Treed shelter belt.  Shed, storage building.  Detached 1-Stall 

Access: Gravel linkage 

 

Sales Analysis Data  
Date of Sale: March 26, 2014 

Market Exposure: MLS 
Listing Price: $219,000 

Sale Price: $190,000 (Previous sale 2010 $215,000) 
Verification:  Deed; Beacon; Interview with Buyer  

Type:  Arm’s Length Sale 

 

Wind Project:  
Project: Buffalo Ridge 

Turbine Type: Gamesa G87 2.0 MW 
Hub Height/Rotor Diameter: 78/87 meters 

Height From Ground: 399 feet 
Property & Wind Tower 

Notes: 
Four turbines located east, north and west. Tower #1 2,000 +/- feet 
northeast. Tower #2 3,600 +/- feet north.  Tower #3 745 +/- feet west.  
Tower #4 2,700 +/- feet west.   
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Site Analysis:  
Site Visit Conducted by: David Lawrence 

Site Visit Date: May 23, 2018 
View Obstruction: Wind towers within view of residence 

Noise Analysis: None at time of site visit.   (no wind present) 

 

Wind Tower Aerial Map: 

 
 
 

Interview Analysis:  
Interview Conducted by: David Lawrence 

Party Interviewed: Buyer  
Party Interviewed: Agent 

Interview Date: May 23, 2018 (Buyer) May 30,2018 (Agent) 

 

Interview Notes with Buyer: Property was listed for 3 years and seller had two previous offers fall 
through; seller was living alone and motivated to sell.  Made a good 
deal.  Wind towers can be noisy but didn’t matter to us when we 
bought the home.  Really no issues, besides the noise. Doesn’t seem to 
bother wild life, deer come in the yard while the turbines are running.   

 

Interview Notes with Agent: There are limited acreages within the Brookings market and if the 
property is in good condition with the features of an acreage, it sells. 
Lots of buyers looking for acreages.  The price was reduced (BK5) 
because of a dysfunctional floor plan and seller motivations. The floor 
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plan eliminated older buyers.  Steep stairs.  Old house and new house 
addition with weird layout. During the open house, buyers did not 
comment about the proximity of the wind towers, even though you 
can hear them in the yard. Distance from Brookings is what effects the 
price with acreages, not wind towers.  If a property is past the 15-mile 
mark, price drops considerably.  Price/distance relationship.  Closer to 
Brookings prices increase. Acreage buyers are young people with kids.  
Lots of work to maintain an acreage. If it is too far from town, less 
buyers.  No negative effects on purchase price from wind towers.  
Buyers did not seem to comment or raise concerns.   

 

Market Sales Analysis:  

 
 

 
 
 

 
 

Sale No. Location Sale Date Price Year/E.A. GLA Acres Style Outbuildings

BK5 Elkton 2014 $190,000 1936 2,160 6.95 Story 1/2 Shed/Storage Bld

1 Flandreau 2014 $191,900 1880 1,950 8.95 Story1/2 Barn/Shed

Similar(=) Similar(=) Similar(=) Similar (=) Similar(=)

2 Volga 2015 $190,600 1918 1,680 15 Story 1/2 Barn/Shed Inferior

Similar(=) Inferior (+) Superior(-) Similar (=) Inferior(-)

3 Astoria 2014 $186,000 1910 1,472 14 Story1/2 Outbuildings

Similar(=) Inferior(+) Superior(-) Similar(=) Similar(=)

4 Brookings 2013 $232,000 1912 2,075 30.59 Story1/2 Barn/Shed/2car

Similar(=) Inferior(+) Superior(-) Similar (=) Superior(-)

5 Nunda 2013 $167,900 1922 1,198 14.63 Story1/2 Shed/Barn/Metal

Similar(=) Inferior(+) Superior(-) Similar(=) Superior(-)

Sales Analysis BK5

Overall Analysis

Comparable
Adjustments:

Adjustments:

Comparable
Adjustments:

Superior
Adjustments:

Inferior
Adjustments:
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Sale Location Map:  

 

 
Market Sales Analysis 
Conclusion: 

Five sales uninfluenced by the proximity of wind towers are used for 
the analysis.  The sales have similar highest and best use as acreages 
in the Brookings rural market.  Sale BK5 is bracketed by the market 
sales.  Sales two and five are inferior sales.  Sale four is a superior sale.  
Sales one and three are the most similar.  The market evidence 
suggests the selling price of BK5 was not influenced by the proximity 
of the wind towers.    

 

Overall Conclusion: An interview analysis, site visit, and sales analysis have been completed 
for sale BK5.  The buyer’s comments indicated the purchase price was 
influenced by seller motivations and not by the presence of the wind 
towers.  The market data is consistent with the interview analysis and 
suggests the proximity of the wind towers did not negatively influence 
the selling price of BK5 
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SALES ANALYSIS BK7 
SALE No. BK7 

STATE South Dakota 

COUNTY Brookings 

 

  

 

Property Characteristics:  
Highest & Best Use: Rural Acreage 

Land Size: 13.35 Acres 
Improvements: 1992 Ranch 
Finished Area: 1680 SF GLA; 1680 L.L.  

Garage: Attached 2-Stall 
Features: Treed shelter belt.  Metal outbuilding 

Access: Gravel road linkage 

 

Sales Analysis Data:  
Date of Sale: August 4, 2010 

Market Exposure: Word of mouth 
Sale Price: $180,000 

Verification:  Deed; Beacon; Interview with Buyer  
Type:  Arm’s Length Sale (estate sale, purchased based on appraisal) 

 

Wind Project:  
Project: Buffalo Ridge 

Hub Height/Rotor Diameter: 78/87 meters 
Height from Ground: 399 feet 

Wind Tower Property Notes: Thirteen wind turbines surround the property.  Tower #1 1,800 +/- feet 
north.  Tower #2 2,500 +/- feet northeast.  Tower #3 3,300 +/- feet 
northeast.  Tower #4 4,200 +/- feet northeast. Tower #5 5,200 +/- feet 
northeast.  Tower #6 6,700 +/- feet east.  Tower #7 8,500 +/- feet east.  
Tower #8 7,900 +/- feet southeast.  Tower #9 6,000 +/- feet southeast.  
Tower #10 3,900 +/- feet southeast. Tower #11 3,000 +/- feet 
southeast.  Tower #12 1,700 +/- feet southeast.  Tower #13 1,100 +/- 
feet south 
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Wind Tower Aerial Map: 

 
 

Site Analysis:  
Site Visit Conducted by: David Lawrence 

Site Visit Date: May 23, 2018 
View Obstruction: Wind towers within view of residence 

Noise Analysis: Operational & blade noise present during site visit.   

 

Interview Analysis:  
Interview Conducted by: David Lawrence 

Party Interview: Buyer 
Interview Date Buyer: May 30, 2018 

 

Interview Notes with Buyer: Property value has increased by at least $75,000 since purchase. No 
issues or concerns with living near wind towers.  There is no effect on 
the value. No effect to the animals.  Can hear a faint “swoosh” noise.  
No big deal.  
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Market Sales Analysis:  

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Sale No. Location Sale Date Price Year/E.A. GLA Acres Style Outbuildings

BK7 Elkton 2010 $180,000 1992 1,680 13.35 Ranch  Outbuild/2Car

1 Volga 2011 $200,000 2005 1,232 10 Ranch Barn/2Car

Superior(-) Inferior(+) Superior(-) Similar (=) Similar(=)

2 Colman 2009 $165,000 2001 910 22.03 Ranch None Inferior

Similar(=) Inferior (+) Superior(-) Similar (=) Inferior(-)

3 White 2010 $202,000 1967 1,304 12.78 Ranch Metal Building/Shed

Similar(=) Inferior(+) Similar(=) Similar(=) Superior(-)

4 Volga 2011 $204,000 1910 2,294 12.65 Story1/2 Barn/Shed/2car

Similar(=) Superior(-) Similar(=) Similar (=) Superior(-)

5 Brookings 2010 $135,000 1974 1,288 7.5 Ranch Shed/2Car

Similar(=) Inferior(+) Inferior(+) Similar (=) Inferior(+)

Sales Analysis BK7

Overall Analysis

Superior
Adjustments:

Adjustments:

Superior
Adjustments:

Superior
Adjustments:

Inferior
Adjustments:
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Sale Location Map:  

 

 
 

Market Sales Analysis 
Conclusion: 

Six sales are utilized in the grid that is not influenced by the proximity 
of a wind tower.  All sales share in highest and best use as a rural 
acreage and sold around the same time as BK7.  After analyzing the 
elements of comparison, the market sales bracket the selling price of 
BK7 and suggest the selling price has not been negatively affected by 
the proximity of the wind tower.   

 

Overall Conclusion: An interview analysis, site observation, and sales analysis were 
completed for sale BK7.  The market sales and buyer interview 
comments are consistent.  The evidence suggests wind towers have 
not negatively impacted the selling price of BK7.  
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I. INTRODUCTION 1 

 2 

Q. Please state your name. 3 

A. My name is Michael MaRous.   4 

 5 

Q. Did you provide Supplemental Direct Testimony in this Docket? 6 

A. Yes.  I submitted Supplemental Direct Testimony in this docket on August 10, 2018. 7 

 8 

Q. What is the purpose of your Rebuttal Testimony? 9 

A. The purpose of my Rebuttal Testimony is to respond to the testimony of South 10 

Dakota Public Utilities Commission Staff witness David Lawrence.  As discussed 11 

below, since much of Mr. Lawrence’s testimony supports my conclusions, my 12 

rebuttal testimony focuses on those areas where Mr. Lawrence has offered 13 

suggestions for or criticisms of my analysis. 14 

 15 

Q. What is your overall response to Mr. Lawrence’s testimony? 16 

A. Overall, Mr. Lawrence’s testimony and the data he discusses further support my 17 

conclusion that there is no market evidence that proximity to a wind turbine 18 

adversely affects South Dakota property values.  Mr. Lawrence’s work, along with 19 

mine, demonstrates that anecdotes and/or similar assertions that wind projects 20 

decrease the value of nearby properties do not withstand scrutiny and are 21 

unsupported by market data.   22 

 23 
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II. MARKET IMPACT ANALYSIS  24 

 25 

Q. Mr. Lawrence states that there is a gap in the research in the Market Impact 26 

Analysis because it does not analyze the nearby wind projects (i.e., Beethoven 27 

Wind Project, SD Wind Partners, Prairie Winds SD-1 and Prairie Winds, Titan 28 

Wind Project, and Wessington Springs Wind Project).  Lawrence Direct at 6-7.  29 

What is your response? 30 

A. I disagree.  There is not a gap in the research; rather, market sales are limited.  As 31 

further described in my Supplemental Direct Testimony and the Market Impact 32 

Analysis, I reviewed data on the market for single-family houses and agricultural 33 

properties in the area of the proposed wind farm and from other areas in the county 34 

from public sources, and from the Bon Homme County, Charles Mix County, and 35 

Hutchinson County public records, and public records from nine other counties in 36 

South Dakota.  As for the existing wind farms Mr. Lawrence mentions, I reviewed 37 

data from the counties in which the Beethoven Wind Project is located (Charles Mix, 38 

Hutchinson, and Bon Homme Counties).  I also reviewed data from Jerauld County, 39 

where the Wessington Springs Wind Project, SD Wind Partners Wind Project, and 40 

part of PrairieWinds SD1 are located, as well as Aurora County (PrairieWinds SD1).  41 

The research I conducted for my matched pair analysis indicates that there is a 42 

relative lack of sales proximate to wind turbines in these counties. 43 

  44 

I chose to focus on wind farms that are comparable to the Project in both number of 45 

turbines and project footprint.  Accordingly, I did not review data from the ten-turbine 46 

Titan Wind Project (located in Hand County), or from Brule County, which has only 47 

two turbines (part of PrairieWinds SD1).  48 

 49 

Q. Mr. Lawrence asserts that one should have “at least fifteen sales for a case-50 

by-case analysis (per property type).”  Lawrence Direct at 13.  What is your 51 

response? 52 

A. I do not agree with Mr. Lawrence and I note that he does not identify any standard 53 

for his asserted minimum.  The Market Impact Analysis, including the matched pairs 54 
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analysis, used the best available data.  Many sales in the area are conducted 55 

privately from family member to family member, or passed down from generation to 56 

generation, causing there to be a lack of sale information or, in most cases, the 57 

properties do not sell at full value.  I believe the six residential paired sales are 58 

sufficient to draw the conclusion that wind turbines do not have an adverse effect on 59 

property values.  This conclusion is supported by my body of work throughout the 60 

Midwest, including matched pairs developed in counties with similar demographics, 61 

land use, and economic characteristics, just east of this area in Minnesota, and in 62 

similar rural counties in Iowa and Illinois. 63 

 64 

Q. Mr. Lawrence references two sales that have occurred in proximity to a wind 65 

tower in the Southeast Region near the proposed Project that were not 66 

included in the Market Impact Analysis.  Lawrence Direct at 7.  What is your 67 

response? 68 

A. After reviewing Mr. Lawrence’s testimony, I contacted him to obtain information 69 

regarding the two sales he identified.  Mr. Lawrence provided raw data and 70 

unverified research on potential sales, but no actual sales.  Based on the limited 71 

information, I do not see a basis for including them in my Market Impact Analysis.    72 

We are continuing to evaluate this data.  If additional information is verified, we will 73 

supplement our findings. 74 

 75 

III. APPLICABILITY OF PEER-REVIEWED STUDIES TO SOUTH DAKOTA 76 

 77 

Q. Mr. Lawrence states that the studies presented in the Application and your 78 

testimony provide a useful starting point to gauge the potential impacts to 79 

rural properties in the Project area, but criticizes several of the studies as not 80 

being relevant to South Dakota properties near wind farms.  Lawrence Direct 81 

at 7.  What is your response? 82 

A. I appreciate Mr. Lawrence’s recognition of the usefulness of the studies included 83 

with the Application and by Supplemental Direct Testimony.  I included the studies in 84 

my testimony to provide a balanced overview of the peer-reviewed literature.  The 85 
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studies reflect large amounts of data arriving at similar conclusions of no negative 86 

value impact for well-planned wind farm development.  There are no peer-reviewed 87 

studies that have studied South Dakota properties, and I have been unable to locate 88 

any other peer-reviewed market analysis specific to South Dakota wind farms.  89 

Large-scale peer-reviewed studies have evaluated the potential impact of wind 90 

turbines on property values outside of South Dakota.  While these studies are not 91 

specific to South Dakota, they are authoritative studies that have produced 92 

consistent results. 93 

 94 

Mr. Lawrence correctly notes that some of these studies looked at residential values 95 

in some more populated areas.  However, that does not mean the studies are 96 

inapplicable to understanding the potential impact of wind turbines on residential and 97 

agricultural land in rural South Dakota, particularly Bon Homme, Hutchinson, and 98 

Charles Mix Counties.  For example, I am personally familiar with the majority of 99 

counties included in the LBNL Studies that are located in Illinois, Iowa, and 100 

Minnesota.  The majority of these counties’ economies are agricultural-based and 101 

residential values are generally comparable in the rural locations. 102 

 103 

The studies included in the Application and my prior testimony support my opinion 104 

that there is no definitive evidence in the literature to indicate that the Project will 105 

negatively impact the value of agricultural or residential properties. 106 

 107 

IV. PROPERTY VALUE GUARANTEE 108 

 109 

Q. Mr. Lawrence discusses the difficulty of administering a property value 110 

guarantee.  What is your response? 111 

A. I do not believe a property value guarantee is warranted for this Project or workable.  112 

As I testified, the Project is not expected to have any adverse impact on property 113 

values.  I also agree with Mr. Lawrence’s “concerns about how to properly manage 114 

the valuation process for consistent results before the project and after the 115 

installation of the wind project.”  Lawrence Direct at 14.  As Mr. Lawrence discussed, 116 
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many variables can influence the criteria to establish value or re-establish value at a 117 

later date.  For example, in addition to the examples provided by Mr. Lawrence, if 118 

maintenance and modernization has not been done, the condition of the property 119 

can deteriorate and negatively impact value.  Alternatively, it would be difficult to 120 

determine how an improvement, such as a new kitchen or bathroom, should be 121 

factored in.  Further, ideally, the same appraiser should do the appraisal years later 122 

if an allegation of an impact due to proximity to a wind farm is suggested.  There are 123 

very few residential appraisers in the Project area, and there is a reasonable chance 124 

that the same appraiser would be retired or no longer working in the area when the 125 

future appraisal is needed.  I want to emphasize that these are just some, not all, of 126 

the reasons I believe a property value guarantee is unworkable.  127 

 128 

V. CONCLUSION 129 

 130 

Q. Does this conclude your Rebuttal Testimony? 131 

A. Yes. 132 

 133 

Dated this 26th day of September, 2018. 134 

 135 
___________________________   136 

Michael MaRous 137 
64841959 138 
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I. INTRODUCTION 

Q. Please state your name. 

A. My name is Michael MaRous. 

Q. Did you provide Supplemental Direct Testimony in this Docket? 

A. Yes. I submitted Supplemental Direct Testimony in this docket on August 10, 2018. 

Q. What is the purpose of your Rebuttal Testimony? 

A. The purpose of my Rebuttal Testimony is to respond to the testimony of South 

Dakota Public Utilities Commission Staff witness Darren Kearney regarding a 

property value guarantee. 

II. PROPERTY VALUE GUARANTEE 

Q. Mr. Kearney discusses the difficulty of administering a property value 

guarantee. What is your response? 

A. I do not believe a property value guarantee is warranted for this Project or workable. 

As I testified, the Project is not expected to have any adverse impact on property 

values. I also agree with Mr. Kearney's position that "the implementation of a 

property value guarantee would be extremely difficult to do." Many variables can 

influence the criteria to establish value or re-establish value at a later date. For 

example, if maintenance and modernization has not been done, the condition of the 

property can deteriorate and negatively impact value. Alternatively, it would be 

difficult to determine how an improvement, such as a new kitchen or bathroom, 

should be factored in. Further, ideally, the same appraiser should do the appraisal 

years later if an allegation of an impact due to proximity to a wind farm is suggested. 

There are very few residential appraisers in the Project area, and there is a 

reasonable chance that the same appraiser would be retired or no longer working in 

the area when the future appraisal is needed. I want to emphasize that these are 

just some, not all, of the reasons I believe a property value guarantee is unworkable. 

2 
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Ill. CONCLUSION 

Q. Does this conclude your Rebuttal Testimony? 

A. Yes. 

Dat~ r, 2018. 

> 

Michael MaRous 

64983973 
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I. INTRODUCTION  1 

 2 

Q. Please state your name and business address. 3 

A. My name is Scott Creech.  My business address is 2180 South 1300 East, Suite 4 

600, Salt Lake City, Utah 84106. 5 

 6 

Q. Did you provide Direct Testimony in this Docket? 7 

A. No. 8 

 9 

Q. Please describe your background and duties. 10 

A. I have been working in renewable energy for more than a decade, and my 11 

experience has primarily been related to the construction, operation, and repowering 12 

of wind projects.  I have a B.S. in Industrial Engineering from Texas A&M University.  13 

My resume is attached as Exhibit 1.   14 

 15 

Q. What is your role with the Prevailing Wind Park Project (“Project”)? 16 

A. My current position is construction manager. I am tasked with development support 17 

until the start of construction. Pulling from past experience in the wind industry, I 18 

assist with the development of our Engineering, Procurement and Construction 19 

(“EPC”) Scope of Work and contract, the turbine purchasing agreement and 20 

developing the relationships that will be critical in the smooth flow of the Project. 21 

Once construction starts, I will be on site full time acting as Prevailing Wind Park, 22 

LLC’s representative for all things Project-related, throughout the entirety of 23 

construction and into the beginning of the operations of the Project.  My primary 24 

focus will be scheduling and coordinating with our landowners, government entities 25 

including county and state highway departments, and the local communities. I will 26 

also be responsible for helping ensure EPC adherence to their safety program and 27 

schedule.  28 

 29 
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Q. What is the purpose of your Rebuttal Testimony? 30 

A. The purpose of my Rebuttal Testimony is to provide additional information regarding 31 

Project operations in response to the testimony of Darren Kearney submitted on 32 

behalf of South Dakota Public Utilities Commission (“Commission”) Staff. 33 

 34 

Q. Are there any exhibits attached to your Rebuttal Testimony? 35 

A. My resume is attached as Exhibit 1 to this rebuttal testimony. 36 

 37 

II. PROJECT OPERATIONS 38 

 39 

Q. Are you familiar with the issue of icing on wind turbine blades? 40 

A. Yes, I am aware that icing on wind turbine blades is sometimes raised as an issue 41 

with respect to wind projects. Specifically, concerns are raised regarding ice 42 

shedding, which is when ice that has built up on blades falls from the blades. 43 

 44 

Q. Is icing a common occurrence on wind turbines?   45 

A. Icing can occur on blades, but it is not common and is generally controlled by ice 46 

detection systems on the turbines.   47 

 48 

Q. What causes icing on wind turbine blades?   49 

A. Turbines experience icing during conditions of freezing rain – this occurs as 50 

temperatures are dropping down to and below freezing and moisture is falling. 51 

 52 

Q. How will icing on the wind turbine blades be detected for the Prevailing Wind 53 

Park Project? 54 

A. The Prevailing Wind Park turbines will include the standard turbine control system 55 

on each turbine and an additional purchased accessory software package, including 56 

Turbine Computer Monitoring (“TCM”).  The turbine controller senses when the rotor 57 

revolutions per minute are not consistent with the measured wind speed. This is a 58 

naturally occurring phenomenon as the buildup of ice breaks the perfected 59 

aerodynamic shape of the blade. The turbine controller then evaluates the 60 
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temperature and recognizes that icing conditions may exist. The TCM system 61 

measures vibration on many components of the turbine and, when it senses 62 

vibration above pre-set levels, the turbine automatically shuts down.  63 

 64 

Q. What happens when the turbine detects icing? 65 

A. The system safety shuts the turbine down when the rotor speed diminishes and also 66 

when vibrations exceed predetermined levels.  The turbine knows that the conditions 67 

are present and will not attempt to restart until conditions (temperature) become 68 

favorable or human intervention occurs. 69 

 70 

Q. Can ice throw be thrown from a turbine that has an ice detection system? 71 

A. Yes, but it is very rare, and there are methods to minimize and prevent ice throw.  72 

Typically, ice is shed from (i.e., falls in close proximity to) a turbine.  The farthest 73 

distance I am aware of ice being thrown from a turbine is approximately 250 feet.  74 

My experience is consistent with the Commission’s finding with respect to the 75 

Dakota Range project, where the Commission found: 76 

Applicant provided evidence that the potential for ice to be 77 
thrown from turbines is not a common occurrence. The 78 
Project meets both the state and county non-participating 79 
property line setback requirements. The concern for ice 80 
shedding is typically within 300 feet of the turbine. While 81 
there is the potential for ice to be thrown further, impacts are 82 
not anticipated at 620 feet from a turbine (the closest 83 
distance of a turbine to a nonparticipating property line). The 84 
record also demonstrates that Applicant has in place 85 
appropriate operational mechanisms to minimize and avoid 86 
the potential for ice throw. In addition, turbines have ice 87 
detection systems that will detect icing conditions from a 88 
remote control center, enabling the turbines to be paused 89 
remotely in the event that icing is taking place. Further, 90 
Applicant has committed to the following condition: Applicant 91 
will use two methods to detect icing conditions on turbine 92 
blades: (1) sensors that will detect when blades become 93 
imbalanced or create vibration due to ice accumulation; and 94 
(2) meteorological data from on-site permanent 95 
meteorological towers, on-site anemometers, and other 96 
relevant meteorological sources that will be used to 97 
determine if ice accumulation is occurring. These control 98 
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systems will either automatically shut down the turbine(s) in 99 
icing conditions (per the sensors) or Applicant will manually 100 
shut down turbine(s) if icing conditions are identified (using 101 
meteorological data). Turbines will not return to normal 102 
operation until the control systems no longer detect an 103 
imbalance or when weather conditions either remove icing 104 
on the blades or indicate icing is no longer a concern.1 105 

 106 

Q. Mr. Kearney notes that Prevailing Wind Park is generally willing to accept the 107 

conditions attached to the permit issued for Dakota Range.  Would you like to 108 

comment on any of these conditions? 109 

A. Yes.  I have reviewed Permit Condition No. 40 related to ice throw, which states: 110 

Applicant will use two methods to detect icing conditions on 111 
turbine blades: (1) sensors that will detect when blades 112 
become imbalanced or create vibration due to ice 113 
accumulation; and (2) meteorological data from on-site 114 
permanent meteorological towers, on-site anemometers, and 115 
other relevant meteorological sources that will be used to 116 
determine if ice accumulation is occurring. These control 117 
systems will either automatically shut down the turbine(s) in 118 
icing conditions (per the sensors) or Applicant will manually 119 
shut down turbine(s) if icing conditions are identified (using 120 
meteorological data). Turbines will not return to normal 121 
operation until the control systems no longer detect an 122 
imbalance or when weather conditions either remove icing 123 
on the blades or indicate icing is no longer a concern. The 124 
Project Owner will pay for any documented damage caused 125 
by ice thrown from a turbine. 126 
 127 

Prevailing Wind Park would accept this same condition in a permit issued for the 128 

Project. 129 

 130 

                                            
1 Final Decision and Order Granting Permit to Construct Wind Energy Facility; Notice of Entry, at ¶ 69, 
Commission Docket EL18-003 (July 23, 2018). 
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Q. Mr. Kearney also testifies that he believes a property line setback of 1,500 feet 131 

would “provide added protection for an individual’s personal property or 132 

livestock in the event of ice throw or blade malfunction”.  Do you agree? 133 

A. I disagree with this conclusion. I note that Mr. Kearney also testified that there is 134 

inadequate record evidence to support a 1,500 foot property line setback and I 135 

agree.  The setbacks incorporated into the layout for the Project provide adequate 136 

protection for ice throw and blade malfunction and a 1,500 foot property line setback 137 

is not necessary and would not provide additional protection.  138 

   139 

As I detailed above, the risk of ice throw is very low and, as the Commission has 140 

already found, limited to within approximately 620 feet of the turbine.   The concern 141 

of ice throw, as I understand, would be primarily with adjacent non-participating 142 

landowners.  In accordance with South Dakota law, the turbines in the Prevailing 143 

Wind Park Project are set back from the property lines of non-participants a 144 

minimum of 1.1 times the tip height of the tower (i.e., the hub height (365.8 feet) + 145 

the radius of the rotor (224.75 feet)), or 649.61 feet.  This distance is sufficient to 146 

contain an ice throw event to the participating landowner’s property.  Therefore, the 147 

additional distance would not create additional protection for non-participating 148 

landowners. 149 

 150 

 A blade malfunction that results in a separation from the tower is an even rarer event 151 

and provides less support for a 1,500 foot setback.  I have seen this occur only 152 

once.  The distance from the hub was approximately 54 meters, or approximately 153 

178 feet.2  Again, a setback of 1,500 feet would not provide additional protection to 154 

non-participating landowners.   155 

 156 

                                            
2 See Prevailing Wind Park Response to Staff DR 1-8; Prevailing Wind Park Responses to Intervenors’ 
DRs 1-23, 1-24, 1-25, 1-26, and 1-27 in Exhibit DK-2.  
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Q. To the extent the Commission has questions regarding Project operations at 157 

the evidentiary hearing in this matter, will you be available to answer such 158 

questions? 159 

A. Yes.  160 

 161 

III. CONCLUSION 162 

 163 

Q. Does this conclude your Rebuttal Testimony? 164 

A. Yes. 165 

 166 

Dated this 26th day of September, 2018. 167 

 168 
____________   169 

Scott Creech 170 
 171 
64867955 172 
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SCOTT CREECH 
2180 South 1300 East, Suite 600, Salt Lake City, Utah 84106 

RENEWABLE ENERGY 
sPower August 2018 - Present 

• Construction Manager 
o Preconstruction work in site development, TSA, FSA, and scope of work; oversight 

direction for sPower consultants. 
o Site coordination with general contractor, landowners, and turbine suppliers involving all 

aspects of construction, including safety, quality, production, and environmental. 
Pattern Energy February 2012 -August 2018 

• Construction Site Manager 
o Oversight direction for consultants; site coordination with general contractor involving all 

aspects of construction, including safety, quality, production, and environmental. 
• Operations Manager 

o 150 MW wind site at Ely, NV, and 400+ MW wind site at Panhandle, TX. 
o Initiated all site programs and procedures while mentoring two assistant facility 

managers. 
Third Planet Windpower ("TPW") August 2009 - January 2012 

• Construction Site Manager 
o Oversight direction for TPW consultants. 
o Site coordination with general contractor involving all aspects of construction, including 

safety, receiving, installation, commissioning, production, and environmental. 
• Mechanical Construction Superintendent 

o Owner representative for receiving, turbine installation, and commissioning. 
Florida Power & Light ("FPL") (NextEra) April 2006 - July 2009 

• Project Leader 
o Resurrected two of FPL's lowest performing wind sites, improving productivity by over 

390% and 30%, respectively. 
o Successfully overhauled the sites' performance through leadership style of building 

people, stating expectations, emphasizing safety, and increasing morale. 
• Project Leader and Wind Technician 

o Managed successful start-up operation at an 84 MW site of GE 1.5-turbines 
o Staffed and directed O&M while coordinating warranty work with turbine vendor 
o Set national GE fleet records with four months of availability exceeding 99% 

MANUFACTURING 1986- 2005 
20-year career in various manufacturing industries: computers, air conditioners, shock absorbers, 
highway construction equipment, tire inflation system. 

• Progressive areas of responsibility, including Director of Operations, Business Unit Manager, 
Manufacturing Engineering Manager, Quality Control Manager, and Supervisor. 

o Operations Manager - Led 325 employees in a self-contained business unit. 
o Change Agent - Introduced and implemented LEAN principles in five diverse operations. 

• Start-Up Director - Designed and implemented start-up operations for a new product. 
• Varied labor arrangements - non-union, union, union in right-to-work, contract, and temporary. 

EDUCATION 
Bachelor of Science, Industrial Engineering 
Texas A&M University, College Station, TX 

1986 
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I. INTRODUCTION  1 

 2 

Q. Please state your name and business address. 3 

A. My name is Dr. Jeffrey Ellenbogen.  My business address is 906 Dogwood Hill 4 

Court, Towson, Maryland 21286. 5 

 6 

Q. Did you provide Direct Testimony in this Docket? 7 

A. No. 8 

 9 

Q. Please describe your background and current employment. 10 

A. I am a medical physician with a license to practice medicine in Maryland.  I have a 11 

bachelor’s degree from the University of Michigan, a medical degree from Tufts 12 

University, and a master’s in medical science from Harvard Medical School.  I 13 

finished my medical doctorate in 2000, received my medical license in 2001, and 14 

have been practicing medicine since that time.  Between 2013 and 2018, I served as 15 

a practicing attending physician at Johns-Hopkins Hospital, specializing in neurology 16 

and sleep medicine. In January 2018 I resigned from Johns-Hopkins Hospital to 17 

dedicate myself full-time to my consulting business, Ellenbogen Consulting, LLC, 18 

which focuses on sleep and brain health.  19 

 20 

I am providing testimony on behalf of Prevailing Wind Park, LLC (“Prevailing Wind 21 

Park”).   My qualifications are attached as Exhibit 1.    22 

 23 

Q. What is the purpose of your Rebuttal Testimony? 24 

A. The purpose of my Rebuttal Testimony is to respond to intervenor testimony 25 

regarding the impacts of wind turbines on human health, particularly with respect to 26 

sleep.  I provide testimony regarding my participation in an evaluation of the 27 

potential health impacts of wind turbines on humans sponsored by the 28 

Massachusetts Department of Environmental Protection and the Massachusetts 29 

Department of Public Health (together, the “Massachusetts Agencies”).  I also 30 

discuss how I had the opportunity to test the findings of the study through 31 
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independent medical exams I performed on four individuals who alleged health 32 

impacts from wind turbines. 33 

 34 

II. WIND TURBINE HEALTH IMPACT STUDY 35 

 36 

Q. In the course of your work, have you had the opportunity to study the alleged 37 

health impacts of wind turbines? 38 

A. Yes.  In 2011, I was approached by the Massachusetts Agencies and asked to join a 39 

group of people to evaluate the potential health impacts of wind turbines on humans.  40 

As a result of that evaluation, the document attached as Exhibit 7 to Dr. Mark 41 

Roberts’ Supplemental Direct Testimony, titled Wind Turbine Health Impact Study: 42 

Report of Independent Expert Panel (January 2012) (“Massachusetts Study” or 43 

“Study”), was released. 44 

 45 

Q. Please describe the purpose of the Massachusetts Study. 46 

A. The Massachusetts Agencies charged us with bringing together a group of experts 47 

to perform an independent evaluation of the scientific and medical literature 48 

regarding wind turbines and their potential impact on human health, as well as to 49 

solicit information from the public to hear about any potential issues not already 50 

reflected in the literature.  The Massachusetts Agencies asked us to ensure that we 51 

did not leave any stones unturned with respect to potential plausible medical 52 

problems that could be a consequence of wind turbines.  Specifically, we were 53 

charged with the following tasks: 54 

• Identify and characterize attributes of concern and identify any 55 

scientifically documented or potential connection between health impacts 56 

and wind energy turbines; 57 

• Evaluate and discuss information from peer-reviewed scientific studies, 58 

other reports, popular media, and public comments received by the 59 

Massachusetts Agencies concerning the nature and type of health 60 

complaints commonly reported by individuals who reside near existing 61 

wind farms; 62 
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• Assess the magnitude and frequency of any potential impacts and risks to 63 

human health associated with the design and operation of wind energy 64 

turbines based on existing data; 65 

• For the attributes of concern, identify best practices that could reduce 66 

potential human health impacts; and 67 

• Issue a report summarizing findings. 68 

 69 

Q. Who else served on the panel that prepared the Study? 70 

A. In addition to myself, the following individuals served on the Study panel (“Panel”):1 71 

• Sheryl Grace, PhD; MS Aerospace & Mechanical Engineering, Associate 72 

Professor of Mechanical Engineering, Boston University; 73 

• Wendy J. Heiger-Bernays, PhD; Associate Professor of Environmental 74 

Health, Department of Environmental Health, Boston University School of 75 

Public Health; Chair, Lexington Board of Health; 76 

• James F. Manwell, PhD Mechanical Engineering; MS Electrical & 77 

Computer Engineering; BA Biophysics; Professor and Director of the Wind 78 

Energy Center, Department of Mechanical & Industrial Engineering 79 

University of Massachusetts, Amherst; 80 

• Dora Ann Mills, MD, MPH, FAAP; State Health Officer, Maine 1996-2011; 81 

Vice President for Clinical Affairs, University of New England; 82 

• Kimberly Sullivan, PhD; Research Assistant Professor of Environmental 83 

Health, Department of Environmental Health, Boston University School of 84 

Public Health; and 85 

• Marc G. Weisskopf, ScD Epidemiology; PhD Neuroscience; Associate 86 

Professor of Environmental Health and Epidemiology, Department of 87 

Environmental Health & Epidemiology, Harvard School of Public Health. 88 

 89 

                                            
1 The qualifications and affiliations are as of the date of the Massachusetts Study. 
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Q. What methodology did the Panel employ to prepare the Study? 90 

A. We conducted an extensive review of the scientific literature, as well as other 91 

reports, popular media, and public comments received by the Massachusetts 92 

Agencies.  We met three times as a group and held additional conference calls to 93 

clarify points of discussion.  An independent facilitator supported these discussions.  94 

Each Panel member provided written text based on the literature review and 95 

analyses, and draft versions of the report were reviewed by each Panel member.  96 

The Panel reached consensus for the final report and its findings. 97 

 98 

Q. Did the Massachusetts Agencies direct you to arrive at a particular conclusion 99 

as a result of the Massachusetts Study? 100 

A. Absolutely not.  Indeed, one of the commissioners directed us to be very broad in 101 

our approach. If there was a problem, he wanted to know about it.  We understood 102 

that our purpose was to seriously consider and examine each of the potential 103 

concerns raised by the public as part of the Study. 104 

 105 

Q. Please summarize the conclusion of the Massachusetts Study. 106 

A. Overall, the Study concluded that wind turbines do not pose a risk to human health.  107 

The Study included specific findings related to several topics, including, but not 108 

limited to, noise and shadow flicker. 109 

 110 

Q. Please explain the Study’s key finding with respect to noise. 111 

A. We concluded that there is insufficient evidence that noise from wind turbines is 112 

directly causing health problems or disease.  Most epidemiological literature on 113 

human response to wind turbines relates to self-reported annoyance, and this 114 

response appears to be a function of some combination of the sound itself, the sight 115 

of the turbine, and attitude towards the wind turbine project.  We recognize that, for 116 

some people, wind turbines annoy them, be it the sound, sight, presence, or 117 

complex notions of economics, but there were no direct physiological effects on 118 

health in humans from wind turbines.  None of the limited epidemiological evidence 119 

reviewed suggested an association between noise from wind turbines and a wide 120 
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range of topics we considered: pain, stiffness, diabetes, high blood pressure, 121 

tinnitus, hearing impairment, cardiovascular disease, and/or headache/migraine. 122 

 123 

 In addition, claims that infrasound from wind turbines directly impacts the vestibular 124 

system have not been demonstrated scientifically.  The vestibular system is a 125 

physical system that is responsible for helping a person figure out where he or she is 126 

in space – i.e., balance and position sense.  There was concern among people that 127 

this system could be affected by the vibrations produced by a wind turbine.  We did 128 

not find evidence in the human or animal literature to support that vibrations of the 129 

kind produced by a wind turbine could influence the vestibular system. 130 

 The study also specifically evaluated the merits of “wind turbine syndrome,” and 131 

found no basis for a set of health effects from wind turbines. 132 

Q. Please explain the Study’s finding with respect to shadow flicker. 133 

A. Scientific evidence suggests that shadow flicker does not pose a risk for eliciting 134 

seizure as a result of photic stimulation.  To explain in more detail, what is known 135 

about photic-stimulated epilepsy (in other words, seizures as a result of flashes of 136 

light) is that they happen as a result of frequencies greater than 5 hertz (“Hz”), 137 

usually substantially higher. Because of the nature of the speed and size of wind 138 

turbines, the frequency of any shadow flicker will be about 0.5-1 Hz, which is well 139 

below the range that would elicit a seizure even in someone who is vulnerable to 140 

photic stimulation seizures.  I feel very comfortable that shadow flicker from wind 141 

turbines does not cause seizures for several reasons.  First, flicker of any kind does 142 

not cause seizures in the general population, And it only causes seizures in the 143 

minority of people who have epilepsy.  Further, even among those who have 144 

epilepsy for which their seizures are sensitive to photic stimulation, the frequency of 145 

shadow flicker from wind turbines is not at the frequency that induces seizures. 146 

 147 
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Q. Have other studies since the Massachusetts Study reached similar 148 

conclusions?     149 

A. Yes.  As Dr. Mark Roberts testified in his Supplemental Direct Testimony, repeated, 150 

peer-reviewed scientific studies from numerous organizations and agencies across 151 

numerous countries around the world have similarly found no association between 152 

wind turbines and health effects. For example, a very large study, “Health Canada,” 153 

was published in 2016.2 In it, researchers examined self-reported and objective 154 

measures of stress associated with wind turbine noise (“WTN”) of more than one 155 

thousand people “exposed to outdoor calculated WTN levels up to 46 dBA.” They 156 

concluded that this exposure to noise from wind turbines “had no apparent influence 157 

on any of these endpoints” [of stress].  158 

 159 

III. INDEPENDENT MEDICAL CLAIMS  160 

 161 

Q. Since the Study was released, have you had the opportunity to test the 162 

Study’s conclusions? 163 

A. Yes.  From a medical and scientific point of view, wind turbine-caused illness, or 164 

what has been called “wind turbine syndrome,” does not exist.  This Massachusetts 165 

panel of experts and many other experts around the world have made the same 166 

conclusion.  However, some people in the community feel that it does, likely due to 167 

its promotion by a book called Wind Turbine Syndrome.  As a result, there are 168 

people who have raised concerns, despite expert opinion to the contrary.  There was 169 

a group of people who raised such a concern with a wind farm in Michigan and 170 

brought a lawsuit against the owner, and I had the opportunity to collect a full history 171 

and perform a full examination of two couples.  I also had the opportunity to view 172 

their neighborhoods. 173 

 174 

                                            
2 Michaud, David S., et. al. “Personal and situational variables associated with wind turbine noise 

annoyance.”  J. Acoust. Soc. Am. 139 (3), March 2016. 
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Q. Please describe the results of these independent medical examinations. 175 

A. I examined four individuals.  In all four instances, I concluded that these people were 176 

not getting the medical treatment they needed because they were incorrectly 177 

assigning the cause of their health problems to wind turbines. 178 

  179 

 The first individual was a 53-year old industrial designer who complained of 180 

insomnia and palpitations in his chest at night and was convinced that the wind 181 

turbine near his house was causing these problems.  In examining and talking with 182 

him, I understood that in recent years, he had gained a substantial amount of weight 183 

and experienced snoring and sleep apnea.  As it turned out, this gentleman almost 184 

certainly had obstructive sleep apnea.  In addition, I understand that this person 185 

wound up later having medical tests that showed an abnormal heart rhythm 186 

unrelated to the wind farm. 187 

 The second individual was a 45-year-old science teacher at a junior high school who 188 

was worried about wind turbine syndrome, so she left her job in her home 189 

neighborhood and took a new job that required a substantial commute, resulting in 190 

her waking up at approximately 4:30 a.m., a full two hours earlier than her typical 191 

pattern.  Her ensuing sleepiness, anxiety, and forgetfulness were most likely 192 

attributable to her substantial sleep deprivation, not the wind turbines.  193 

The third individual was a 52-year-old bookkeeper who complained of headaches.  I 194 

measured her blood pressure, and it was very high.  Untreated high blood pressure 195 

often causes headaches.  She had a history of depression that was untreated at the 196 

time of my evaluation and she more recently had substantial snoring at night which 197 

could easily have been untreated, obstructive sleep apnea which she acknowledged, 198 

but did not pursue because of the focused assumption that she had wind turbine 199 

syndrome.  200 

 201 

Finally, the fourth individual was a 60-year-old farmer with balance problems and 202 

sleep problems.  Regarding his balance, upon examination, I determined that he had 203 

a serious neuropathy.  This resulted in an inability to feel his feet which was causing 204 
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his difficulty with balance.  In addition, this individual acknowledged he had a 205 

substantial alcohol problem, which is one of the leading causes of neuropathy.  206 

Alcohol can also impact balance by causing degeneration of the cerebellum, an area 207 

of the brain that helps with balance and coordination.  Regarding his sleep, the 208 

issues he was experiencing were no different than those diagnosed several decades 209 

earlier for which he was given antidepressant medication and sedatives, both of 210 

which he stopped taking more recently.  That sleep problem was recently made 211 

worse by an increase in his alcohol consumption at night, which caused him to need 212 

to urinate in the middle of the night.  Further, he had pain in his shoulders which he 213 

described as disruptive to his sleep.  Taken together, there was no worsening of his 214 

chronic sleep problem after the wind turbines were installed in his neighborhood, 215 

and there were compelling reasons for his disrupted sleep that did not involve wind 216 

turbines. 217 

 218 

Q. What did you conclude from these independent medical exams? 219 

A. Each of these individuals attributed their health problems to wind turbines.  However, 220 

wind turbines were not the cause of the identified health issues, and in my opinion, 221 

the misapplied blame to wind turbines prevented these individuals from seeking and 222 

obtaining much-needed medical treatment for their underlying conditions.   223 

 224 

Q. Did you provide testimony in the lawsuit that these individuals brought?  225 

A. No.  The case settled soon after I completed the independent medical examinations. 226 

 227 
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IV. RESPONSE TO INTERVENOR TESTIMONY 228 

 229 

A. Response to Prof. Alves-Pereira. 230 

 231 

Q. Prof. Alves-Pereira states that, “perhaps more worrisome, families in ILFN-232 

contaminated homes are sleeping while enveloped within an environment that 233 

is bombarding their bodies with mechanical agents of disease.”  (Alves-234 

Pereira Direct, lines 374-375) (emphasis in original).  How does this relate to 235 

the Project? 236 

A. I have reviewed Prof. Alves-Pereira’s testimony and there is no reasonable basis to 237 

presume that infrasound from the wind turbines in the Prevailing Wind Park Project 238 

(“Project”) will pose any risk to human health.  239 

 240 

B. Response to Dr. Punch. 241 

 242 

Q. Dr. Punch asserts that “a substantial proportion of people living in the vicinity 243 

of the proposed Project can be expected to experience not only annoyance, 244 

but also a variety of adverse health effects” including, among other things, 245 

sleep disturbance.  (Punch Direct, lines 100-08).  What is your response? 246 

A. Based on the sound levels proposed for the Project (below 45 dBA), it is my expert 247 

opinion that such sound levels will neither interfere with sleep nor pose a risk to 248 

human health.  Dr. Punch’s statement misrepresents the facts and is the kind of 249 

statement that may have the effect of causing people to be annoyed by wind 250 

turbines.   251 

 252 

Q. Dr. Punch further asserts that he estimates that “around 15%-25% of exposed 253 

residents” will experience extreme annoyance and sleep disturbance because 254 

of the Project.  (Punch Direct, lines 124-26).  Is that a reasonable estimate of 255 

the problem? 256 

A. This estimate is a gross exaggeration, both in the number of people affected and the 257 

degree of the effect. The experience of annoyance to wind turbines is highly 258 
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subjective and personal. As noted in the Massachusetts Study (p. 54), annoyance 259 

appears to be coupled to many factors, including sound, site and the attitude toward 260 

turbines  If residents are misinformed that the turbines will cause negative health 261 

effects, or if they are told, as they are here by Dr. Punch, that 1 in 5 people will 262 

“experience extreme annoyance and sleep disturbance because of the Project,” then 263 

they are more likely to find the turbines of the Project annoying.   264 

 265 

Q. Dr. Punch states that studies “have established a closer relationship between 266 

subjective responses to community noise and cardiovascular outcomes when 267 

the annoyance is sleep-related than when it is non-sleep-related.”  (Punch 268 

Direct, lines 135-38).  What is your response? 269 

A. Dr. Punch relies a 2009 World Health Organization (“WHO”) report. In the same 270 

paragraph of the WHO report, which he misquotes, it also says “[w]ith respect to 271 

night noise exposure, nearly no information is available from epidemiological studies 272 

on the cardiovascular effects of long-term noise exposure of the bedroom during the 273 

night.”  (p. 74).   More relevant to this Project, there is no data to link cardiovascular 274 

disease outcomes related to sleep with wind turbines.  It is my expert opinion that 275 

noise at the levels proposed for the Project will not lead to adverse health outcomes 276 

or sleep disturbance.  277 

 278 

Q. Dr. Punch asserts that “[w]ind turbine noise is a significant disruptor of 279 

sleep.”  (Punch Direct, line 288).  Do you agree? 280 

A. I disagree. I am not aware of any study demonstrating objective findings that support 281 

a claim that wind turbine noise significantly disrupts sleep, particularly at the levels of 282 

the Project.  It makes reasonable sense that, if the noise were to be very high, then 283 

sleep might be disrupted. But the levels for the Project below 50 dBA are well within 284 

my expectation that sleep will not be disturbed. 285 

 286 

Q. Relying on Dr. Schomer, Dr. Punch asserts that “wind turbine noise should be 287 

limited to an average level of 36-38 dBA, based on a 24-hour measurement 288 

period” to minimize or avoid sleep disturbance.  (Punch Direct, lines 317-18).  289 
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Is it your opinion that noise requirements less than 45 dBA are necessary to 290 

avoid impacts to sleep? 291 

A. No.  Noises in the mid-40s dBA represent reasonable levels that are not of 292 

substantial concern for sleep. 293 

 294 

C. Response to Mr. James. 295 

 296 

Q. Mr. James asserts that the project “has a significant potential to cause 297 

adverse health effects related to sleep disturbance.”  Do you agree? 298 

A. No, I do not agree. The sound level for the proposed Project is well within 299 

reasonable limits that I expect will neither cause adverse health effects nor sleep 300 

disturbance.  301 

 302 

Q. Mr. James attaches a document titled Noise: Windfarms to his testimony as 303 

Exhibit 2 (the “Shepherd Paper”).  Are you familiar with the Shepherd Paper? 304 

A. Yes.  The paper makes inaccurate, unsubstantiated claims and relies heavily on 305 

data of limited quality, including individual claims “reported in the press and on the 306 

internet….” (p. 7).  Many of the claims have been criticized or shown to be 307 

unsubstantiated by expert panels and data elsewhere. 308 

 309 

Q. Please discuss your thoughts on the sections of the Shepherd Paper which 310 

address sleep.  311 

A. I agree with their comment in figure 1, that “fear of noise-induced annoyance and 312 

sleep disruption” is a “barrier to social acceptance” of wind turbines. However, I 313 

believe that the basis for this fear is not founded on fact, and is more a function of 314 

unsubstantiated or exaggerated claims of annoyance, health problems, or problems 315 

with sleep.  This is partly a function of relying on statements such as the following, 316 

made by Shepherd et al: “…there is little research on the effects of wind turbine 317 

noise on sleep. However, there is no doubt that wind turbine noise can and does 318 

disturb the sleep of those living nearby.”  (p. 7). 319 

 320 
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Q. The Shepherd Paper contains various references to “correlation” and 321 

“causation.”  What is the difference between correlation and causation? 322 

A. Correlation and causation are not synonymous. The blurring of the line between 323 

these two words can often leave people confused about what action to take to avoid 324 

an undesirable outcome.  For example, wearing bifocals is correlated with heart 325 

disease.  Wearing bifocals, however, is not causal to heart disease. And fixing eye 326 

problems will in no way reduce heart disease.  The correlation does exists, but not 327 

because eye disease results in heart disease, but rather, because individuals who 328 

wear bifocals tend to be older and being older poses a greater risk of having heart 329 

disease.  Mr. James and his colleagues appear to blur the line between correlation 330 

and causation, but it is essential to understand and acknowledge this important 331 

distinction. 332 

 333 

V. CONCLUSION 334 

 335 

Q. Please summarize your testimony.  336 

A. The testimony Prof. Alves-Pereira, Mr. James and Dr. Punch provide raises 337 

illegitimate claims of adverse health impacts associated with wind turbines.  Their 338 

testimony is not supported by science and, in my view, does not help inform this 339 

process. 340 

 341 

 Based on my medical experience in neurology and sleep medicine, and knowledge 342 

of the scientific literature, the Project, as proposed, will not impact health or affect 343 

sleep.  344 

 345 

Q. Does this conclude your Rebuttal Testimony? 346 

A. Yes. 347 
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Dated this 26th day of September, 2018. 348 

 349 
____________   350 

Dr. Jeffrey Ellenbogen 351 
 352 
64913114 353 
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BEFORE THE PUBLIC UTILITIES COMMISSION 

OF THE STATE OF SOUTH DAKOTA 

* 

Exhibit A19 

IN THE MATTER OF THE 
APPLICATION BY PREVAILING WIND 
PARK, LLC FOR A PERMIT FOR A 
WIND ENERGY FACILITY IN 

* APPLICANT'S DISCLOSURE OF 
* LAY WITNESSES 

BON HOMME, CHARLES MIX, AND 
HUTCHINSON COUNTIES, 
SOUTH DAKOTA, FOR PREVAILING 
WIND PARK ENERGY FACILITY 

* 
* 
* 
* 
* 

EL18-026 

In accordance with the South Dakota Public Utilities Commission's August 9, 2018 

Order Granting Party Status and Establishing Procedural Schedule, Prevailing Wind Park, LLC 

("Applicant"), through its counsel, hereby discloses its lay witnesses in the above-captioned 

matter: 

1. Karen Peters, 29416 402nd Avenue, Wagner, South Dakota 57380. 

Karen Peters is expected to testify about: 

• Why she and her family decided to participate in the Project; 

• Her interactions with the Applicant; 

• How she believes the Project will benefit the community; and 

• Her observations regarding how the Beethoven Wind Project has had positive 
impacts on the community. 

2. Dustin Brandt, 30049 407th Avenue, Avon, South Dakota 57315. 

Dustin Brandt is expected to testify about: 

• Why he and his family decided to participate in the Project; 

• His interactions with the Applicant; and 

• How he believes the Project will benefit the community. 

1 
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Dated this 26th day of September, 2018. 
 

By /s/ Mollie M. Smith__________________ 
Mollie M. Smith  
Lisa M. Agrimonti 
FREDRIKSON & BYRON, P.A. 
200 South Sixth Street, Suite 4000 
Minneapolis, MN  55402 

 Phone:  (612) 492-7270 
 Fax:      (612) 492-7077 
 Attorneys for Prevailing Wind Park, LLC 
 
 
64868405 
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EXHIBIT 

I~~- \ 
BEFORE THE PUBLIC UTILITIES COMMISSIO 

OF THE ST A TE OF SOUTH DAKOTA 

EL18-026 - IN THE MATTER OF THE 
APPLICATION BY PREVAILING 
WIND PARK, LLC FOR A PERMIT OF 
A WIND ENERGY FACILITY IN BON 
HOMME COUNTY, CHARLES MIX 
COUNTY AND HUTCHINSON 
COUNTY, SOUTH DAKOTA, FOR THE 
PREVAILING WIND PARK PROJECT 

* 
* 
* 
* 
* 
* 
* 
* 

APPLICANT'S RESPONSES TO 
STAFF'S FIFTH SET OF DATA 

REQUESTS 

EL18-026 

Below, please find Applicant's Responses to Stafrs Fifth Set of Data Requests to 
Applicant. 

5-1) Refer to the direct testimony of Mr. Richard James, Page I 0, line 342 through Page I I, 
line 353: 

"Second, I reviewed the information on the computer model prepared for the 

report. I find the model is deficient in many ways. One significant way is that it 

fails to include two important sets of tolerances. The sound power data used as 

input to the model is derived using a method that has about a ± 2 dB tolerance for 

measurement repeatability. This tolerance should have been added to the sound 

power levels used as input to the model to account for known variability in 

measurement data. Also, the model uses the formulas and protocols from ISO 

9613-2 which states it is not applicable for noise sources that are more than 30 

meters above 350 the ground or receiver elevation. Even if the model was 

appropriate for wind turbine noise the model has known tolerances of ± 3 dBA. 

This should have also been applied as an adjustment to the Burns-McDonnell 

sound model. Given these two tolerances the predicted sound levels are as much 

as 5 dBA low. " 

a) Please respond to Mr. James' comment regarding a 2 dBA tolerance for measurement 
repeatability and explain how the Applicant incorporated the tolerance in the sound 
model. 

Chris Howell: The vendor data used in our modeling is developed per IEC 61400-11 
and reflects the loudest sound levels the turbines are expected to produce at any given 
time. Fut1her, the model assumes all turbines are operating at maximum sound levels 
at all times in all directions. A residence between two turbines is assumed to 
experience downwind sound from both turbines (which is a physical impossibility). 
In general, the plus or minus(+/-) 2-dBA tolerance referenced by Mr. James captures 
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unexpected situations. It is worth noting that the situations captured by +/- 2-dBA are 
as likely to be over-predicted by up to 2 dBA as they are to be under-predicted by 2 
dBA.  In our experience, our model predicts the most likely outcome for loudest 
impacts.  We have developed and refined our modeling techniques using actual 
measurement data as a basis for comparison, and our modeling has proven accurate 
through the years when compared to post-construction measurements. Therefore, the 
model predicts the most likely loudest sound levels for the Project, and adding or 
subtracting 2 dB would be less accurate.   
 

b) Please respond to Mr. James’ comment regarding a 3 dBA tolerance from the 
formulas and protocols from ISO 9613-2 and explain how the Applicant incorporated 
the tolerance in the sound model. 
 
Chris Howell: ISO 9613-2 includes language for tolerance; we did not include this 
tolerance in our modeling. As previously stated, we approached the modeling using 
conservative assumptions, and the model predicts the most likely loudest sound 
levels.  The accuracy of our modeling has been confirmed by comparing our pre-
construction modeling to post-construction sound measurements.  There is no reason 
to apply overly conservative assumptions to the modeling, as doing so would result in 
a less accurate prediction of the Project’s projected loudest sound levels. 
 

c) Is the predictive sound levels reflected in the model as much as 5BA low?  Please 
explain.   
 
Chris Howell: No.  We are confident that our modeling results are not under-
predicting by 5-dBA. It would not be prudent to under-predict potential sound levels 
in a regulatory setting, so we use conservative inputs. That said, we do not always use 
the most conservative selections because it is also important to be accurate, and we 
have to weigh the compounding effects of always making conservative choices in a 
model. Doing so could result in very unrealistic predictions, which, as noted 
previously, are not helpful to clients or regulators because they do not present an 
accurate picture of the Project’s projected loudest sound levels.  As noted previously, 
our modeling techniques use actual measurement data as a basis for comparison, and 
our modeling method has proven to be accurate through the years for other projects. 

 

5-2) Refer to the direct testimony of Mr. Richard James, Page 11, lines 354 through 359: 
 

“Further, the values used for ground attenuation are not disclosed. The proper 
value for ground attenuation is “0” to turn off any calculations of ground effect. 
This is because the height of the wind turbines means that the sound emitted by 
them radiates directly from the blades to the homes without interaction with the 
ground. The ISO ground attenuation calculations are intended for ground-based 
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noise sources where the sound radiates along a line from source to receiver just 
above the ground.” 

 
Please respond to Mr. James’ comment regarding the values for ground attenuation 
reflected in the sound model.    
 
Chris Howell: Mr. James continues to advocate for overly conservative methods that 
would not accurately predict the Project’s sound levels.  Specifically, using “0” is 
overly conservative in these circumstances because it is representative of “hard 
ground,” (i.e. paving, ice, concrete). However, the Project area is predominantly 
agricultural in nature, which according to ISO 9613-2 is considered “porous ground.” 
ISO 9613-2 suggests a ground absorption value of 1.0 for “porous ground.” However, 
a ground absorption factor of 0.5 was conservatively used within the model to 
simulate mixed ground (equally hard and porous).  

 
According to ISO 9613-2, the ground absorption plays a role in three distinct areas: 
the source; middle; and receiver. While the source and middle are elevated, the 
receiver area is near-grade and will be influenced by the ground absorption. The 
influence of ground absorption due to elevation of the source and receiver, and 
therefore the middle area, are automatically determined within the model. Again, 
assuming 0 for ground absorption near the receiver is considered overly conservative 
and would not present an accurate picture of the Project’s projected sound levels. 

 
5-3) Is compliance with the Bon Homme County’s noise regulation associated with wind 

energy systems achieved through a sound model based on predicted sound levels, or is 
compliance based on actual sound levels?  Please explain.    
 
Lisa Agrimonti: Section 1741 of the Bon Homme County Ordinance states: “Noise level 
produced by the LWES shall not exceed forty five (45) dBA, average A-weighted sound 
pressure at the perimeter of occupied residences existing at the time the permit 
application is filed, unless a signed waiver or casement is obtained from the owner of the 
residence. The permittees shall submit a report of predicted noise levels at habitable 
residential dwellings within one mile of proposed tower locations to the Board no less 
than forty five (45) days prior to commencing construction.” 
 
Compliance with this provision requires, prior to construction, submission of a report 
showing that modeled sound levels will meet the stated limit.  In operations, the 
Ordinance requires that actual noise levels from the wind farm not exceed the stated 
limit. 

 
5-4) Refer to the direct testimony of Mr. Richard James, Page 11, line 381 through Page 12, 

388:  
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“Before any decisions are made on permitting this project the applicant should be 
required to submit a new model that applies the known tolerances to the input 
data. It should also show the contour lines for 30, 35, and 40 dBA. These new 
sound levels should then be viewed as indicators of what the community will 
experience on a day when the wind turbines are operating under optimum 
conditions for the lowest noise emissions. They are not precision predictions. 
Review of the model should be done keeping in mind that the operating values can 
be as much as 10 dB higher than what is predicted, under operating conditions 
that would be considered normal.” 

 
a) Please comment on Mr. James’ request above.   

 
Chris Howell: Published noise emissions by the wind turbine vendor indicate that the 
turbines will vary by 10 to 15 dBA. The loudest published sound levels were used 
within our modeling.  I am confident in our modeling, for the reasons discussed 
above, and do not believe additional modeling is necessary or helpful. 
 

b) Please submit a map that shows the contour lines for 30, 35, and 40 dBA using the 
sound model results that the Applicant believes accurately reflects predictive sound 
levels.   
 
Chris Howell: See Attachment 5-4 
 

5-5) Refer to the direct testimony of Mr. Richard James, Page 6, line 174 through 206.  Does 
the Applicant agree or disagree that noise limits should be applied to the property lines or 
to the homes?  Please explain.  
 
 Chris Howell: The noise modeling conducted for the Project was modeled at residences 
in accordance with general practice and requirements.  See, e.g., Bon Homme County 
Ordinance, Section 1741 (setting sound standard “at the perimeter of occupied 
residences” not the property line).    
 

5-6) Refer to the direct testimony of Prof. Mariana Alves-Pereira, Page 27, lines 461 – 466: 
 
However, in the absence of zoning laws based on scientific information, then the 
governmental agencies responsible for Public Health should step in to conduct 
appropriately designed epidemiological studies. Ideally, this would study relevant 
health endpoints before and after installation of the industrial wind turbines. It 
would also include the quantification of ILFN before and after the installations of 
the industrial wind turbines, with the same wind speed and wind direction, and 
evaluated inside the affected homes.  
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What is the Applicant’s position on the Intervenor’s request for an epidemiological study 
by the governmental agencies responsible for Public Health?  Please explain. 
 
Dr. Mark Roberts: Referring to my Supplemental Direct and Rebuttal Testimony, 
multiple state, federal, and international governmental bodies have independently 
reviewed the peer-reviewed, published literature many times over and have reached 
similar conclusions that there is no evidence of wind turbines being associated with a 
specific health effect.  (Massachusetts (2012), Germany (2016), Japan (2017), France 
(2017), Denmark (2009), Switzerland (2017), New Zealand (2010), and Australia 
(2015).)  With respect to Dr. Alves-Pereira’s call for more study, science is an evolving 
knowledge base that will be influenced by discussions of societal change (climate 
change, alternate energy sources, medical treatments) and demands of life, but decisions 
are made based on the science that we know.  The science related to wind turbines has 
been assessed multiple times by multiple groups of scientists, and they have all come to 
the similar conclusion – there is no specific health effect associated with sounds produced 
by wind turbines.  As I have pointed out in my testimony, science evolves, and with it 
comes new knowledge.  In this area, there has been no scientifically verifiable evidence 
that wind turbines are associated with a specific health effect.   

 
5-7) Refer to the direct testimony of Mr. Jerry Punch, Page 11, lines 303 – 314.   

 
a) Does the Applicant agree that LAmax is the optimal measurement metric to protect 

sleep? Please explain. 
 
Chris Howell: This metric is intended to quantify sound levels from instantaneous and 
non-continuous noise sources, such as dogs barking, thunder, car passing by, etc., that 
occur during an otherwise quiet time period.  As such, it may be a useful metric to 
gauge if a person is likely to wake from one of these sources.  The WHO Night Noise 
Guidelines for Europe state that LAmax is intended for non-continuous sources of 
sound and would therefore not be relevant to sounds emitted from wind turbines. 
 

b) Based on the WHO Night Guidelines, is a 40 dB LAmax level a reasonable maximum 
allowable noise level during nighttime?  Please explain. 
 
Chris Howell: No, this is not a reasonable maximum level, and it is not the 
recommended limit from the WHO Night Noise Guidelines. The WHO Night Noise 
Guidelines recommend a Lnight, outdoor level of 40 dBA. This is an average sound 
level during all nighttime hours (8-hour period) over each night of an entire year and 
is inclusive of any sounds that may occur. In the case of a wind farm, the metric also 
incorporates time periods when sounds levels don’t include the source of interest 
(e.g., when the turbines are not operating).  Bon Homme County’s limit of 45 dBA 
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would apply on any given night, not be averaged out over an entire year, and would 
differentiate wind turbine noise from other intrusive noises.  

 
Dated this 5th day of October, 2018.   
 By: /s/ Lisa M. Agrimonti 
  Mollie M. Smith  

Lisa M. Agrimonti 
FREDRIKSON & BYRON, P.A. 
Attorneys for Applicant 
200 South Sixth Street, Suite 4000 
Minneapolis, MN  55402 
Phone: (612) 492-7270 
Fax: (612) 492-7077 
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EXHIBIT 

! ~)~-~ 
BEFORE THE PUBLIC UTILITIES COMMISSION 

OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE 
APPLICATION BY PREVAILING 
WIND PARK, LLC FOR A PERMIT OF 
A WIND ENERGY FACILITY IN BON 
HOMME COUNTY, CHARLES MIX 
COUNTY AND HUTCHINSON 
COUNTY, SOUTH DAKOTA, FOR 
THE PREVAILING WIND PARK 
PROJECT 

* 
* 
* 
* 
* 

* 
* 
* 
* 

APPLICANT'S RESPONSES TO 
STAFF'S SIXTH SET OF DATA 

REQUESTS 
EL 18-026 

Below, please find Applicant's Responses to Staffs Sixth Set of Data Requests to Applicant. 

6-1) Refer to the Application, Page 15-14. Please provide all studies and supporting 
documentation that show a shadow flicker requirement of less than 30 minutes per 
day or 30 hours per year will avoid a significant adverse impact on neighboring land 
uses and a significant adverse impact on health. 

Peter Pawlowski: Based on the studies and documentation addressed in testimony by Prevailing 
Wind Park, a shadow flicker requirement of less than 30 minutes per day or 30 hours per year is 
not necessary to avoid adverse impacts on land use or health. See, e.g., the testimony submitted 
by Aaron Anderson and Dr. Mark Roberts. In addition, the Project will comply with all 
applicable shadow flicker requirements and commitments. 

6-2) Refer to the Applicant's Disclosure of Lay Witnesses, which identifies Karen Peters 
and Dustin Brandt as participating landowners that will testify at the hearing. For 
each individual testifying, please provide the following information: 

a) How many acres of land does the landowner have in the project? 

Bridget Canty: Prevailing Wind Park has a lease with Larry Peters and Karen Peters Living 
Trust, Larry Peters, Trustee, and Karen Peters, Trustee, Husband and Wife, with respect to 260 
acres. Prevailing Wind Park has a lease with Dustin Brandt and Elizabeth Brandt with respect to 
60 acres. 

b) Provide a map which identifies each landowners' leased land within the project 
area, including where the turbines, if any, are sited on their land. 

Bridget Canty: See attachment 6-2b. 

c) Provide a map that shows the proposed turbines within 2 miles from their 
residence. Please provide a map similar to Page 88 of 156 of Staff Exhibit_JT-1 
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- 2 - 

in Docket EL18-003 for Ms. Teresa Kaaz 
(http://puc.sd.gov/commission/dockets/electric/2018/EL18-
003/exhibits/staff/s1.pdf). 

 
Bridget Canty: See Attachment 6-2c. 
 

d) Provide the predicted sound level from the Project at their residence. 
 
Chris Howell:  
 
Receptor Sound Power Level 
REC-016 (Peters) 38.9 dBA 
REC-051 (Brandt) 32.7 dBA 
 
 

e) Provide the estimated annual frequency of shadow flicker associated with the 
operation of the Project wind turbines at their residence. 

 
Aaron Anderson:  
 
Receptor Flicker, Hours Flicker, Minutes 
REC-016 (Peters) 4.78 hours / year 27 minutes/day 
REC-051 (Brandt) 4.90 hours / year 26 minutes/day 
 
 
6-3) Please provide a study, with calculations included, signed by a professional engineer 

that demonstrates ice throw will not occur beyond 620 feet. 

Lisa Agrimonti: Prevailing Wind Park does not possess such a study.  In lieu thereof, see the 
Rebuttal Testimony of Scott Creech. 
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Dated this 5th day of October, 2018.   
 By: /s/ Lisa M. Agrimonti 
  Mollie M. Smith  

Lisa M. Agrimonti 
FREDRIKSON & BYRON, P.A. 
Attorneys for Applicant 
200 South Sixth Street, Suite 4000 
Minneapolis, MN  55402 
Phone: (612) 492-7000 
Fax: (612) 492-7077 
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BEFORE THE PUBLIC UTILITIES COMMISSION 

OF THE STATE OF SOUTH DAKOTA 

Exhibit A21-1 

IN THE MATTER OF THE 
APPLICATION BY PREVAILING 
WIND PARK, LLC FOR A PERMIT OF 
A WIND ENERGY FACILITY IN BON 
HOMME COUNTY, CHARLES MIX 
COUNTY AND HUTCHINSON 
COUNTY, SOUTH DAKOTA, FOR THE 
PREVAILING WIND PARK PROJECT 

* 
APPLICANT'S RESPONSES TO 

* 
INTERVENORS' FIRST SET OF DATA 

* 

* 
* 

* 

* 

* 

* 

REQUESTS 
EL18-026 

Below, please find the responses of Prevailing Wind Park, LLC ("Applicant" or "Prevailing 
Wind Park") to Intervenors' First Set of Data Requests to Applicant. 

Objections to Definitions 

Prevailing Wind Park objects to the definitions of "You" and "Your". For purposes of these 
responses, "You" and "Your" shall refer to Prevailing Wind Park, LLC, the applicant in this 
matter and its parent company, sPower Development Company, LLC, and any employees 
thereof. 

1-1) Provide copies of all data requests and responses submitted to or by You.

Lisa Agrimonti: Copies of all data requests and non-confidential responses submitted to 
or by Prevailing Wind Park are provided at the following link: 
https://fredriksonandbyron.sharefile.corn/d-s62d67 5400cc4b248. Prevailing Wind Park 
will provide confidential responses provided in response to Staff Data Requests Set 1 
pursuant to a protective agreement. 

1-2) Produce all manuals, guides, information sheets, studies, reports, and like 
documents that refer or relate to the turbine model selected for the Project, namely 
the GE 3.8-137. 

Lisa Agrimonti: Prevailing Wind Park objects to this request to the extent that it seeks 
information and/or documents not in the possession, custody, or control of Prevailing 
Wind Park, or that are confidential. Prevailing Wind Park further objects to this request 
because it is overbroad and vague in its request for "like documents." Subject to and 
without waiving this objection, Prevailing Wind Park further responds: 

Peter Pawlowski: sPower Development Company LLC ("sPower") has a copy of the 
safety manual for the GE 3.8-137 turbine model that is subject to a confidentiality 
agreement. sPower is in contact with General Electric to determine under what 
circumstances the document may be disclosed in this docket. Additional information 
about the GE turbine can be found on General Electric's publicly available website. See 
https://www.ge.com/renewableenergy/wind-energy/turbines/3mw-platform. 

1 
Page 1 of 8  
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1-3) Produce all studies, reports, and like documents that refer or relate to ice-throw 

from turbines. 

Lisa Agrimonti: Prevailing Wind Park objects to this request to the extent that it seeks 

information and/or documents not in the possession, custody, or control of Prevailing 

Wind Park, or that is confidential.  Prevailing Wind Park further objects to this request 

because it is overbroad and vague in its request for “like documents.”  Subject to and 

without waiving this objection, Prevailing Wind Park further responds: 

Peter Pawlowski: See response to 1-2.  

1-4) Produce all studies, reports, and like documents analyzing turbines 586 feet or 

taller. 

Lisa Agrimonti: Prevailing Wind Park objects to this request to the extent that it seeks 

information and/or documents not in the possession, custody, or control of Prevailing 

Wind Park, or that is confidential.  Prevailing Wind Park further objects to this request 

because it is overbroad and vague in its request for “like documents” and the meaning of 

“analyzing”. Subject to and without waiving this objection, Prevailing Wind Park further 

responds: 

Peter Pawlowski: See the Application for turbine related studies.  

1-5) Produce all publications, manuals, guides, information sheets, studies, reports, and 

like documents that refer or relate to safety distances from turbines and/or danger 

zones. 

Lisa Agrimonti: Prevailing Wind Park objects to this request to the extent that it seeks 

information and/or documents not in the possession, custody, or control of Prevailing 

Wind Park, or that is confidential.  Prevailing Wind Park further objects to this request 

because it is overbroad and vague in its request for “like documents.”  Subject to and 

without waiving this objection, Prevailing Wind Park further responds: 

Scott Creech:  See response to Data Request 1-3.  Safety manuals for the turbines do not 

specify safety or danger zones applicable to standard turbine operations.  Rather, safety 

manuals identify specific precautionary measures workers should implement when 

conducting routine maintenance and in emergency situations.   

1-6) Produce all written communications, electronic or otherwise, between You and any 

representative of Bon Homme, Charles Mix, or Hutchinson counties. 

Lisa Agrimonti: Prevailing Wind Park objects to this request because it is overbroad 

regarding the subject matter, time and individuals and not reasonably calculated to lead to 

the discovery of admissible evidence.  
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1-7) Produce all written communications, electronic or otherwise, between You and any 

representative of Planning and Development District III, including but not limited 

to Brian McGinnis. 

Lisa Agrimonti: Prevailing Wind Park objects to this request because it is overbroad 

regarding the subject matter and time and not reasonably calculated to lead to the 

discovery of admissible evidence.   

1-8) Produce all written communications, electronic or otherwise, between You and any 

representative of the Yankton Sioux Tribe. 

Lisa Agrimonti: Prevailing Wind Park objects to this request because it is overbroad.  

Prevailing Wind Park further objects to this request to the extent that it seeks confidential 

information. 

1-9) Explain Erik Johnson’s role with the Project. 

Peter Pawlowski:  Erik Johnson has no role in the Project.   Mr. Johnson sits on the board 

of Prevailing Winds, LLC and otherwise supports and advocates for the Project as a 

private citizen. 

1-10) Explain Ronnie Hornstra’s role with the Project. 

Peter Pawlowski:  Ronnie (Ron) Hornstra has no role in the project.  Mr. Hornstra sits on 

the board of Prevailing Winds, LLC and otherwise supports and advocates for the Project 

as a private citizen. 

1-11) State the number of participating residences located within (a) 1,000 feet of a 

turbine; (b) 2,000 feet of a turbine; (c) 1/2 mile of a turbine; (d) 1 mile of a turbine; 

and (e) 2 miles of a turbine. 

Bridget Canty:  As shown in layout shown in the Application: 

            (a) There are 0 participating residences within 1,000 feet of a proposed turbine 

location; 

            (b) There are 5 participating residences within 2,000 feet of a proposed turbine 

location; 

            (c) There are 21 participating residences within ½ mile of a proposed turbine 

location; 

            (d) There are 40 participating residences within one mile of a proposed turbine 

location; and 

            (e) There are 45 participating residences within two miles of a proposed turbine 

location. 
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1-12) State the number of non-participating residences located within (a) 1,000 feet of a 

turbine; (b) 2,000 feet of a turbine; (c)1/2 mile of a turbine; (d) 1 mile of a turbine; 

and (e) 2 miles of a turbine. 

Bridget Canty:  As shown in the layout in the Application:  

            (a) There are 0 non-participating residences within 1,000 feet of a proposed 

turbine location; 

            (b) There is 1 non-participating residence within 2,000 feet of a proposed turbine 

location; 

            (c) There are 10 non-participating residences within ½ mile of a proposed turbine 

location; 

            (d) There are 46 non-participating residences within one mile of a proposed 

turbine location; and 

            (e) There are 82 non-participating residences within two miles of a proposed 

turbine location. 

1-13) How many participating landowners are there for the Project? 

Peter Pawlowski: There are 176 land rights agreements related to this Project. 

1-14) Assuming all turbines are built, how many participating landowners will have a 

turbine located on their property? 

Peter Pawlowski: Based on the layout in the Application, 35 landowners would have 

turbines on their properties. 

1-15) Identify by county, state, country, or regulatory body all setbacks from non-

participating residences greater than 2,000 feet of which you are aware. In doing so, 

provide the distance of the setback that exists. 

Lisa Agrimonti: Prevailing Wind Park objects to this request because it is overly broad, 

unduly burdensome, and not reasonably calculated to lead to the discovery of admissible 

evidence. Further, since permitting requirements are typically public, this information is 

as available to the Intervenors as it is to Prevailing Wind Park.  

1-16) Admit that the attached Wind Energy Lease and Wind Easement Agreement 

marked as Exhibit A is an example of an easement agreement provided to 

landowners for the Project. 

Peter Pawlowski: Exhibit A to Intervenors First Set of Data Requests to Applicant is a 

form of agreement Prevailing Winds, LLC and Prevailing Wind Park, LLC used to 

acquire easements from landowners. Prevailing Wind Park treats its easement forms as 

confidential and undertakes efforts to maintain the documents as such, as they do contain 
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information, the disclosure of which would result in commercial and competitive harm to 

the company. Prevailing Wind Park maintains that Exhibit A should be treated as a 

confidential document in this proceeding. 

1-17) Identify any Bon Homme, Charles Mix, or Hutchinson county commissioner or 

planning or zoning board member that has executed any agreement with You. 

Explain any such agreement. 

Lisa Agrimonti: Prevailing Wind Park objects to this request because it is not reasonably 

calculated to lead to the discovery of admissible evidence and to the extent it seeks 

confidential information.  Subject to and without waiving this objection, Prevailing Wind 

Park further responds: 

Peter Pawlowski: Bon Homme County Commissioner Bruce Voigt is a participating 

landowner in the Prevailing Wind Park Project.  

1-18) Identify all other wind projects for which You have been involved with the 

development thereof in the past 10 years. For each project, identify all applicable 

setbacks and noise restrictions. 

Lisa Agrimonti: Prevailing Wind Park objects to this request as overly broad, unduly 

burdensome, and not reasonably calculated to lead to the discovery of admissible 

evidence.  The setbacks for a wind farm in a different jurisdiction are not relevant to the 

South Dakota Public Utilities Commission’s decision on the applicable setbacks for the 

proposed Project.  Subject to and without waiving this objection, Prevailing Wind Park 

further responds: 

 

Peter Pawlowski: sPower has constructed, owns and operates Pioneer Wind Park in 

Wyoming and Latigo Wind Park in Utah.    

 

1-19) Identify the legal entity from which You are procuring the turbines. 

Peter Pawlowski: GE Renewables North America, LLC. 

1-20) Please state the difference between Prevailing Winds LLC and Prevailing Winds 

Park LLC. 

Peter Pawlowski: Prevailing Wind Park, LLC is the applicant and holder of the Project 

assets.  Prevailing Winds, LLC sold Prevailing Wind Park, LLC to sPower Development 

Company, LLC. 

1-21) Explain why NEC1, LLC was formed and its role in the Project? 

Peter Pawlowski: The entity referenced above is not related to this Project. 
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1-22) Identify any Bon Homme County, Charles Mix County, or Hutchinson County, 

South Dakota County Commissioner or Planning or Zoning Board Member that is 

or was an investor in the Project. 

Lisa Agrimonti: Prevailing Wind Park objects to this request because it is overly broad 

and not reasonably calculated to lead to the discovery of admissible evidence. 

Peter Pawlowski: Bon  Homme County Commissioner Bruce Voight is a participant in 

the Project. 

1-23) Identify the number of incidents that have occurred at Your projects where a 

turbine has fallen over, started on fire, or had a blade or piece of blade fall off the 

turbine and briefly describe each incident. Produce any documents, reports, 

communications, studies, complaints, or the like related to any such incident. 

Lisa Agrimonti: Prevailing Wind Park objects to this request because it is overly broad 

and vague. 

Peter Pawlowski: No operating wind project owned by sPower has had incidents as listed 

above.  

1-24) Identify the number of complaints You have received regarding ice being thrown or 

falling from a turbine. Produce any documents, reports, communications, studies, 

complaints, or the like related to any such complaint. 

Peter Pawlowski: None. 

1-25) Identify the number of injuries that have occurred at Your projects resulting from a 

turbine malfunction or ice being thrown or falling from a turbine.   

Peter Pawlowski: None. 

1-26) State the furthest distance for which you are aware that ice has been thrown from a 

turbine. 

Scott Creech: I do not have an exact measurement, but the farthest distance I am aware of 

ice being thrown from a turbine is approximately 250 feet.   

1-27) State the furthest distance for which you are aware that a blade or piece of blade 

has been thrown from a turbine. 

Scott Creech: During my operations career, I have only observed one blade being 

dropped from a turbine a distance of approximately 54 meters, about half the blade 

diameter which was 108 meters.  

 

Exhibit A21-1

Page 6 of 8 
015761



7 

Dated this 19th day of September, 2018. 

By /s/Lisa M. Agrimonti  

Mollie M. Smith  

Lisa M. Agrimonti 

FREDRIKSON & BYRON, P.A. 

Attorneys for Applicant 

200 South Sixth Street, Suite 4000 

Minneapolis, MN  55402 

 Phone:  (612) 492-7270 

 Fax:      (612) 492-7077 
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 Lisa Agrimonti, of Fredrikson & Byron, P.A., hereby certifies that on the 19th day of 

September, 2018, true and correct copies of the following documents were served electronically 

on the persons listed below:   

1. Applicant’s Responses to Intervenors’ First Set of Data Requests; and 

2. Certificate of Service. 

 

Ms. Kristen Edwards 

Staff Attorney 

South Dakota Public Utilities Commission 

500 E. Capitol Ave. 

Pierre, SD 57501 

Kristen.edwards@state.sd.us 

Ms. Amanda Reiss 

Staff Attorney 

South Dakota Public Utilities Commission 

500 E. Capitol Ave. 

Pierre, SD 57501 

amanda.reiss@state.sd.us 

Mr. Darren Kearney 

Staff Analyst 

South Dakota Public Utilities Commission 

500 E. Capitol Ave. 

Pierre, SD 57501 

darren.kearney@state.sd.us 

Mr. Jon Thurber 

Staff Analyst 

South Dakota Public Utilities Commission 

500 E. Capitol Ave. 

Pierre, SD 57501 

jon.thurber@state.sd.us 

Reece M. Almond – Representing: Gregg C. 

Hubner, Marsha Hubner, Paul M. 

Schoenfelder, and Lisa A. Schoenfelder 

Davenport, Evans, Hurwitz & Smith. LLP 

206 West 14th Street 

P.O. Box 1030 

Sioux Falls, SD 57101 

ralmond@dehs.com 

Ms. Mollie Smith - Representing: Prevailing 

Wind Park, LLC  

Fredrikson & Byron, P.A. 

200 S. 6th St., Ste. 4000 

Minneapolis, MN 55402 

msmith@fredlaw.com 

 

      /s/ Lisa Agrimonti     

      Lisa Agrimonti 
 

 

 

 

CERTIFICATE OF SERVICE 

 

EL18-026 

 

IN THE MATTER OF THE 

APPLICATION BY PREVAILING 

WIND PARK, LLC, FOR A PERMIT 

OF A WIND ENERGY FACILITY IN 

BON HOMME COUNTY, CHARLES 

MIX COUNTY AND HUTCHINSON 

COUNTY, SOUTH DAKOTA FOR 

THE PREVAILING WIND PARK 

PROJECT 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

Exhibit A21-2 

IN THE MATTER OF THE 
APPLICATION BY PREVAILING 
WIND PARK, LLC FOR A PERMIT OF 
A WIND ENERGY FACILITY IN BON 
HOMME COUNTY, CHARLES MIX 
COUNTY AND HUTCHINSON 
COUNTY, SOUTH DAKOTA, FOR 
THE PREVAILING WIND PARK 
PROJECT 

* 
* 
* 
* 
* 
* 
* 
* 
* 

APPLICANT'S RESPONSES TO 
INTERVENORS' SECOND SET OF 

DATA REQUESTS 
EL 18-026 

Below, please find Applicant's responses to Intervenors' Second Set of Data Requests to 
Applicant. 

Objections to Definitions 

Prevailing Wind Park objects to the definitions of"You" and "Your". For purposes of these 
responses, "You" and "Your" shall refer to Prevailing Wind Park, LLC, the applicant in this 
matter and its parent company, sPower Development Company, LLC, and any employees 
thereof. 

2-1) Provide the application for a Large Wind Energy System Permit You submitted to 
Bon Homme County. 

Peter Pawlowski: The application is available at: 
https :/ /fredriksonandbyron.sharefile. corn/ d-sf 499da3 5 c 7 54466a 

2-2) Provide any application You have submitted to Bon Homme County, Charles Mix 
County, or Hutchinson County. 

Peter Pawlowski: Responsive documents are available at 
https://fredriksonandbyron. share file. corn/ d-sf 499da3 5 c 7 54466a 

2-3) What is the modeled noise level and shadow flicker at the Presbyterian-Bohemian 
Cemetery located at the intersection of 401st Avenue and 295th Street near turbines 
48 and 57? 

Aaron Anderson: Assuming the figure below shows the Presbyterian-Bohemian 
Cemetery, the Project will result in approximately 10 hours per year of shadow flicker at 
the Presbyterian-Bohemian Cemetery using the GE 3.8-137 model. 

Page 1 of 9  
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Chris Howell:  The noise modeling for the GE 3.8-137 turbine predicts a sound level 
from turbines of 33.8 dBA at this location. 

2-4) Provide a map that shows the proposed turbines within 2 miles from the residence 
of Ms. Kelly Pazour (29668 402nd Avenue, Wagner, South Dakota 57380) and the 
applicable setbacks for those turbines, similar to the map on Page 88 of 156 of Staff 
Exhibit_JT-1 in Docket EL18-003 for Ms. Teresa Kaaz 
(http://puc.sd.gov/commission/dockets/electric/2018/EL18-003/exhibits/staff/sl.pdf). 

Bridget Canty:  See Attachment 2-4 for turbine locations.  For setbacks, see Figure 5 in 
the Application. 

2-5) Provide a map that shows the proposed turbines within 2 miles from the residence 
of Mr. Jerome Powers (40427 294th Street, Wagner, South Dakota 57380) and the 
applicable setbacks for those turbines, similar to the map on Page 88 of 156 of Staff 
Exhibit_JT-1 in Docket EL18-003 for Ms. Teresa Kaaz 
(http://puc.sd.gov/commission/dockets/electric/2018/EL18-003/exhibits/staff/sl.pdf). 

Bridget Canty: See Attachment 2-5 for turbine locations. For setbacks, see Figure 5 in the 
Application. 

2-6) Provide a map that shows the proposed turbines within 2 miles from the residence 
of Mr. Kevin Andersh and the applicable setbacks for those turbines, similar to the 
map on Page 88 of 156 of Staff Exhibit_JT-1 in Docket EL18-003 for Ms. Teresa 
Kaaz (http://puc.sd.gov/commission/dockets/electric/2018/EL18-
003/exhibits/staff/sl.pdf). 

Bridget Canty: See attachment 2-6 for turbine locations. For setbacks, see Figure 5 in the 
Application.  
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2-7) Provide a map that shows the proposed turbines within 2 miles from the residence 
of Mr. Gregg Hubner (29976 406th Avenue, Avon, South Dakota 57315) and the 
applicable setbacks for those turbines, similar to the map on Page 88 of 156 of Staff 
Exhibit_JT-1 in Docket EL18-003 for Ms. Teresa Kaaz 
(http://puc.sd.gov/commission/dockets/electric/2018/EL18-003/exhibits/staff/sl.pdf). 

Bridget Canty:  See response to Staff Request DR 2-23. 

2-8) Provide a map that shows the proposed turbines within 2 miles from the residence 
of Mr. Paul Schoenfelder (40228 296th Street, Wagner, South Dakota 57380) and 
the applicable setbacks for those turbines, similar to the map on Page 88 of 156 of 
Staff Exhibit JT-1 in Docket EL18-003 for Ms. Teresa Kaaz 
(http://puc.sd.gov/commission/dockets/electric/2018/EL18-003/exhibits/staff/sl.pdf). 

Bridget Canty:  See response to Staff Request DR 2-24. 

2-9) Appendix T, page 84 email from Jennifer Bell to Bridget Canty on the subject of 
Prevailing Winds Tribal Meeting dated Monday, March 26, 2018 10:02:20 AM. 
Please provide any additional correspondence between Kip Spotted Eagle and/or 
the leadership of the Yankton Sioux Tribe, including any agreements made in 
regards to cultural discoveries during the construction of the Prevailing Winds Park 
project. 

Lisa Agrimonti: Prevailing Wind Park objects to this request because it is overbroad and 
ambiguous regarding the parties to the requested communications.  Prevailing Wind Park 
further objects to this request to the extent that it seeks confidential information. 
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Dated this 24th day of September, 
2018. 

  

 By: /s/ Lisa M. Agrimonti 
  Mollie M. Smith  

Lisa M. Agrimonti 
FREDRIKSON & BYRON, P.A. 
Attorneys for Applicant 
200 South Sixth Street, Suite 4000 
Minneapolis, MN  55402 
Phone: (612) 492-7270 
Fax: (612) 492-7077 
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 Bridget A. Duffus, of Fredrikson & Byron, P.A., hereby certifies that on the 24th day of 
September, 2018, true and correct copies of the following documents were served electronically 
on the persons listed below:   

1. Applicant’s Responses to Intervenors’ Second Set of Data Requests; and 
2. Certificate of Service. 

 
Ms. Kristen Edwards 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
Kristen.edwards@state.sd.us 

Ms. Amanda Reiss 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
amanda.reiss@state.sd.us 

Mr. Darren Kearney 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
darren.kearney@state.sd.us 

Mr. Jon Thurber 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
jon.thurber@state.sd.us 

Ms. Lisa M. Agrimonti - Representing: 
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Ms. Mollie Smith - Representing: Prevailing 
Wind Park, LLC  
Fredrikson & Byron, P.A. 
200 S. 6th St., Ste. 4000 
Minneapolis, MN 55402 
msmith@fredlaw.com 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION 
BY PREY AILING WIND PARK, LLC FOR 
A PERMIT OF A WIND ENERGY 
FACILITY IN BON HOMME COUNTY, 
CHARLESMIXCOUNTYAND 
HUTCHINSON COUNTY, SOUTH 
DAKOTA, FOR THE PREY AILING 
WIND PARK PROJECT 

INTERVENORS' RESPONSES 
TO APPLICANT'S FIRST SET 

OF DATA REQUESTS TO 
INTERVENORS 

EL 18-026 

Intervenors Gregg Hubner, Marsha Hubner, Paul Schoenfelder, and Lisa Schoenfelder 
("Intervenors"), through counsel, provide the following Responses to Applicant Prevailing Wind 
Park, LLC's ("Applicant") First Set of Data Requests to Intervenors. 

1-1) Provide copies of all data requests submitted by the PUC Staff to you in this 
proceeding and copies of all responses to those data requests. Provide this 
information to date and on an ongoing basis. 

RESPONSE: This information will be provided. 

1-2) In your Application for Party Status in the above-referenced action, it states: "I live 
and/or own land in close proximity to or within the Project's footprint and have 
concerns regarding the applicant's compliance with applicable laws and rules; 
concerns regarding environmental, social, and economic injury the Project will 
cause; concerns that the Project will impair the health, safety, and welfare of 
inhabitants of the area; and concerns that the Project will interfere with the orderly 
development of the region." With respect to above, please respond to the following: 

a) Identify with specificity your "concerns regarding the applicant's compliance 
with applicable laws and rules." 

b) Identify with specificity your "concerns regarding environmental, social, and 
economic injury the Project will cause." 

c) Identify with specificity your "concerns that the Project will impair the 
health, safety, and welfare of inhabitants of the area." 

d) Identify with specificity your "concerns that the Project will interfere with 
the orderly development of the region." 
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RESPONSE: 
1-2a. 

Intervenors are concerned about the shadow flicker provision in Article 17 of the Bon 

Homme County Zoning Ordinance. The provision provides: 

"When determined appropriate by the County a Shadow Flicker Control 

System shall be installed upon all turbines which will cause a perceived 
shadow effect upon a habitable residential dwelling. Such system shall limit 

blade rotation at those times when shadow flicker exceeds thirty (30) minutes 
per day or thirty (30) hours per year at perceivable shadow flicker intensity 
as confirmed by the Zoning Administrator are probable." 

First, non-participating landowners should not be exposed to any shadow-flicker on any 

part of their property, as it is a nuisance. Just as it is unreasonable to produce a strobe light into 

someone's home for 30 minutes a night or 30 hours a year, it is unreasonable to produce a 

shadow flicker during the day. Second, the ordinance language suggests the Zoning 

Administrator is solely in charge of determining whether the inhabitant has an actual problem 

with shadow flicker, and it is unclear what an inhabitant needs to do to show a problem exists. 

Accordingly, the Applicant should be required to install the sensors at the time the turbine is 

erected and be required to regularly submit proof the sensors are working to the PUC. 

The Hubners' residence is Receptor #04 7 in the shadow flicker report. They are 

concerned about turbines 60 through 64 to the west and 42 through 44 to the east. They watch 

most of the sunrises and sunsets when home. Although the Applicant's model says no shadow 

flicker will occur, the Hubners are concerned about the limited recourse they will have if they do 

experience shadow flicker (i.e., filing civil suit for nuisance). 

Another concern relates to compliance with setbacks. Intervenors believe there were 

seven instances in the Campbell County Wind Farm where turbines were built in violation of 

setbacks. To prevent that from occurring here, Intervenors request a liaison person monitor 

construction and ensure compliance with all setbacks. 

Intervenors are also concerned with Applicant's ability to comply with Section 1729 of 

the Bon Homme County ordinance. That section provides: "The turbines shall be spaced no 

closer than is allowed by the turbine manufacturer in its approval of the turbine array for 

warranty purposes." Applicant has not provided any evidence showing its ability to comply with 

that provision. 

Intervenors are still evaluating the Application and may present additional information 

and arguments regarding Applicant's ability to comply with laws and rules up to, during, and 

after the evidentiary hearing. 

1-2b. Intervenors are concerned with the amount of rare earth minerals and fiberglass in the 

turbines. Here is a very recent news report on this problem: 
https :/ /www .facebook.com/mfacer 1/videos/177929715 87 54670/ . 
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There was also a report on the same subject on 60 minutes. 
http: //mineidaho.com/2015/08/ 13/ 60-minutes-segment-with-lesley-stahl-rare-earth-elements/. 

The Project puts endangered birds and bats at risk. The entire footprint is in the center of 

the Central Flyway and is in the Mississippi Flyway and possible whooping crane migration 

routes. Intervenors believe the wildlife in the area is far more abundant than reported by 

Applicant. The amount of time spent for the siting studies was insufficient to adequately 
measure the wildlife in the area. 

As far as social injury, it is evident wind projects tear communities apart. All you must 

do is attend a PUC public hearing or read a local newspaper within the footprint. On July 12, 

2018, a public comment meeting for the Project was conducted. At the meeting about 34 chose 

to express their position publicly. Of those 34 people, 26 expressed concerns and opposition to 

the project but only 8 people spoke in favor and most of them were investors in favor of the 

project with a vested financial interest in the project who did not live in the footprint of the 

project. This reflects the social impact and conflict this project does and will continue to have if 

moved forward. 

As far as the economic injury, Tripp, South Dakota is the perfect example. The sales tax 

receipts from the South Dakota Dept. of State for the municipal tax collected by Tripp, SD, from 

2009 through 2017 are as follows: 

Calendar Year Taxable Sales Tax Collected 
2009 5409868 108239 
2010 4363280 125031 
2011 6259241 125291 
2012 5803449 116069 
2013 5880795 117828 
2014 6699445 134093 
2015 5866484 117427 

2016 6324521 126607 
2017 5048835 101038 

Tripp is the town nearest to the Beethoven Wind Farm, which was developed by B&H 

Wind, the same group that started Prevailing Winds. They started building it in December of 

2013. The Beethoven Wind Farm went on line in May of 2015. You will see there was a little 

bump in 2014 during construction, but after that tax revenues dropped to a number in 2017 

actually below every year on the chart. Since the building of the Beethoven Wind Farm in 2014, 

Tripp has lost its grocery store 2 or 3 times, and now it is open again. The school voted for an 

opt out in May of 2017, 3 years after the wind farm was built. 

There is also the issue of building permits. Oak Hollow Township in Hutchinson County 

has all the Beethoven Wind Farm turbines in that county. There were no building permits issued 

for homes in that Township from 2012 through 2017. In comparison, Avon Township had 4 

homes built in that same time period. Avon Township has had a very robust building climate 
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because of its proximity to Avon and its businesses and school. If building permits for houses 

stop completely or are curtailed, this is a negative to the local economy. 

Moreover, if one examines the 14 counties in South Dakota that have wind farms, one 

will see the population has dropped in every county except one, Brookings County. 

Some persons in the area depend on hunting as a source of income, and Intervenors 
expect those persons will be harmed by the Project. 

The Applicant has also failed to identify various rural cemeteries located in and around 

the Project area. Building turbines closer than two mile from cemeteries will cause social harm to 
those who visit the cemeteries. 

Intervenors are still evaluating the Application and may present additional information 

and arguments regarding this requirement up to, during, and after the evidentiary hearing. 

1-2c. See the prefiled testimony of Intervenors' three experts. Intervenors have also spoken to 

individuals who have experienced negative health consequences following the construction of 

wind turbines close to their properties. 

Intervenors are also concerned about ice throws. According to a publication from GE, GE 
recommends that a "safe distance from any occupied structure, road, or public use area" is 
calculated using the following formula: 1.5 x (hub height+ rotor diameter). Using the 
measurements for the GE turbines being proposed for this Project would result in a distance of 
1,215 feet as a "safe distance." That distance should be the setback from all property lines and 

rights of way to ensure safety and welfare of inhabitants in the area. 

Intervenors are still evaluating the Application and may present additional information 
and arguments regarding this requirement up to, during, and after the evidentiary hearing. 

1-2d. Intervenors are concerned the Project will destroy any future residential development in 

the area. The peaceful vistas and sounds of nature are what draw people to this area for rest and 
relaxation. 

Intervenors are still evaluating the Application and may present additional information 

and arguments regarding this requirement up to, during, and after the evidentiary hearing. 

1-3) Identify the property and/or residence you own and/or reside in within the vicinity 
of the Prevailing Wind Park Project ("Project") and the location (by section, 
township, and range) of such property and/or residence. 

RESPONSE: Gregg and Marsha Hubner own land in Sections 9-96-61, 3, 7, 16 & 28 in 95-

61. Their residence is in Section 16, and they have a rented house on Section 7. 
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Paul and Lisa Schoenfelder own and reside on 160 acres with a homestead farmhouse at 

Choteau Creak Township N96 R62 S26 SWl/4. They will have 11 turbines surrounding their 
property in a two-mile footprint on the NW, N, NE, E, SE sides. 

1-4) If you have a residence in the vicinity of the Project, identify whether you live at the 
residence throughout the entire year and, if not, how many months of the year you 
reside at the residence. 

RESPONSE: Gregg and Marsha Hubner live at their residence in Section 16-95-61. They built 
this house in 2012 as a retirement home after being assured by Charles Roth, representing B&H 

Wind at that time, that there would be no wind turbines coming, as the Production Tax Credit 
had lapsed. Their house on Section 7 is rented by a single man. 

Paul and Lisa Schoenfelder live at their residence throughout the entire year. 

1-5) Identify how you use your land, including, but not limited to, whether you use your 
land for agricultural purposes. 

RESPONSE: Gregg and Marsha Hubner' s land is used for a residence and for agricultural 
purposes. 

Paul and Lisa Schoenfelder' s land is used for a residence, for agricultural purposes, and 

for business purposes. 

1-6) Identify any sensitive or unique features of your property that you assert would be 
impacted by the Project. 

RESPONSE: When Gregg and Marsha Hubner built their retirement home, view was very 

important to them. So was peace and quiet. As a Real Estate Broker since 1983, Gregg 
understands and appreciates the phrase "Location, Location, Location." They have 31 windows 

or glass doors in their one story 2300 sq. ft. home. The windows were one of the most expensive 

parts of the house. They have a panoramic view in every direction. In the morning, they have an 

east-facing deck, and in the evening a west-facing porch. They enjoy spending time on their 

deck and porch because of the view. In addition to view, we have serenity. In the mornings we 
can hear songbirds, turkeys, pheasants, sheep and cattle. These are the noises of nature. If you 

look at any publication or website of rural properties, you will see the selling points are always 
the same: view, peace and quiet, and serenity. Some day when they sell this home, these 
amenities will be paramount to the sale. Sitting and looking at and listening to spinning 

whooshing wind turbines is not what potential buyers would be looking for. Wind turbines 
anywhere within 2 miles will greatly devalue the value ofthis home. Right now there are 17 

wind turbines 586 ft. tall proposed to be within 2 miles of their home. 
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Paul and Lisa Schoenfelder are developing a business (i.e., brewery) in which they will 
rely on clients coming to and from the property. The business is geared towards recreation and a 
resort for relaxation. What is now a peaceful get away would be inundated with 11 industrial 
wind turbines 589' tall in a two-mile radius. This would impact their business and livelihood. 
They have the original log cabin from a way station in the 1880s on the property. As a part of 
their business model, tourists will come to see this history of the plains and how the pioneers of 
those days lived. This project with 11 industrial wind turbines will impact that customer 
expenence. 

1-7) Describe any mitigation measures that could address your concerns with respect to 
the Project. 

RESPONSE: The most important mitigation tool would be 2-mile setbacks from a residence 
and 1500 ft. from a property line. While this will not alleviate all concerns, it would mitigate 
them. See also those measures set forth in Intervenors' prefiled testimony. Moreover, there 
should be no shadow flicker on any non-participants land or buildings. Also, a radar-detection 
system should be installed to minimize red blinking lights at night. Moreover, a two-mile setback 
should exist for cemeteries. Finally, Intervenors believe there should be independent oversite 
during the construction and throughout the entire life of the Project. 

Intervenors are still evaluating the Application and may present additional information 
and arguments regarding this request up to, during, and after the evidentiary hearing. 

1-8) Identify any documents, information, education, training, or professional experience 
you have relied upon to form your opinions concerning the Project as listed in your 
Application for Party Status. Where you have relied upon documents or other 
tangible materials, please provide such documents and/or materials. 

RESPONSE: Gregg Hubner has been studying wind energy since 2010 when exposed to the 
subject at an Appraiser's Continuing Education seminar. Since then, he has read countless 
articles. He is also the President of South Dakotans for Safe and Responsible Renewable 
Energy. That group's website is SDSRRE.ORG. If you go to that site, you will find 8 websites 
and 4 face book pages. These are just a few of the web resources available for educating yourself 
on wind energy. Also, on the website are two documentaries "In the Shadow of Wind Farms" 
and "In Your Own Words". These documentaries speak for themselves. In 2017, Gregg and his 
son wrote the book "Paradise Destroyed: "The Destruction of Rural Living by the Wind Energy 
Scam". This book is full of footnotes as well. 

See also those documents produced by Intervenors through the course of this proceeding. 

1-9) Identify any expert witnesses you plan to have testify on your behalf, and for each 
expert witness, describe the subject matter regarding which the witness will testify. 
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RESPONSE: See the prefiled testimony submitted by Intervenors. 

1-10) Are you asserting that the Project will negatively impact your property value? If so, 
provide copies of any appraisals that have been conducted for property identified in 
response to Data Request 1-3 within the last ten (10) years. 

RESPONSE: Yes. 

Gregg and Marsha Hubner had an appraisal done on the 233 acres of bare acres they 
bought in Section 16 in late 2008. In 2012 when they built their home, an appraisal was done on 
their house and 13.27 acres. That was before the Morton Building was erected, and that was 
never on the appraisal. They do not believe they have copies of these appraisals. They were 
done by Farm Credit Services. 

Lisa and Paul Schoenfelder expect to have an appraisal performed in the near future. 

1-11) Identify any communications, written or otherwise, you have had with units, 
officials, and/or representatives of local, state, and/or federal governments or 
agencies concerning the Project. 

a) For any written communications, provide a copy of the communication; and 

b) For any unwritten communications, provide the date of the communication, 
the persons involved, and the subject matter of the communication. 

RESPONSE: Objection. This request seeks information that is overly broad, irrelevant, 
unduly burdensome, and not limited in time or scope. Intervenors have no burden here 
and any such communications they have had are irrelevant to this proceeding. Subject to 
and without waiving that objection, see attached communications. 

1-12) If you contend that the market value of any property will be diminished on account 
of the Project, identify the property by street address and/or parcel identification 
number. 

RESPONSE: Intervenors believe the market value of all residences located in and around the 
project area will be diminished. 
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+'-, 
Dated thi~ ~ day of September, 2018 . 

DAVENPORT, EVANS, HURWITZ & 
SMITH, L.L.P. 

Reece M. Almond 
206 West 14th Street 
P.O. Box 1030 
Sioux Falls, SD 57101-1030 
Telephone: (605) 336-2880 
Facsimile: (605) 335-3639 
E-mail: ralmond@dehs.com 
Attorneys for Intervenors Gregg Hubner, 
Marsha Hubner, Paul Schoenfelder and 
Lisa Schoenfelder 
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CERTIFICATE OF SERVICE 

The undersigned, one of the attorneys for Intervenors Gregg C. Hubner, Marsha Hubner, 

Paul M. Schoenfelder and Lisa A. Schoenfelder, certifies that a true and correct copy of the 

foregoing was served via email, upon the following: 

Kristen Edwards 
kristen.edwards@state.sd. us 
Amanda Reiss 
Amanda.Reiss@state.sd. us 
Staff Attorneys 

Mollie M. Smith 
msmith@fredlaw.com 

South Dakota Public Utilities Commission 
500 E. Capitol Ave. 

Lisa M. Agrimonti 
lagrimonti@fredlaw.com 
Fredrikson & Byron, P.A. 
200 South Sixth St., Ste. 4000 
Minneapolis, MN 55402 
Attorneys for Applicant Pierre, SD 57501 

tl.. 
Dated this ~ day of September, 2018. 

Reece M. Almond 
206 West 14th Street 
P.O. Box 1030 
Sioux Falls, SD 57101-1030 
Telephone: (605) 336-2880 
Facsimile: (605) 335-3639 
E-mail: ralmond@dehs.com 
Attorneys for Intervenors 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

_______________________________________                                                                        
 
 
 
 
 
 
 
 
_______________________________________ 
 

 
* 
* 
* 
* 
* 
* 
* 
* 
 
 

 
                        

Below, please find Staff’s Second Set of Data Requests to Intervenors.  Please submit responses 
by October 3, 2018, at 5:00 pm, or promptly contact Staff to discuss an alternative arrangement.   

2-1) Refer to the Intervenor’s response to Staff Data Request 1-4.  The Intervenors 
“recommend a 2-mile setback from non-participating residences and a 1,500 ft. setback 
from a property line and public rights-of-way with waivers available for those who want 
them closer.”  Please provide references to the direct testimony, including page and line 
numbers, submitted by Richard R. James, Jerry L. Punch, and Prof. Mariana Alves-
Pereira, that support this condition. 
 

2-2) Refer to the direct testimony of Mr. Richard James, Page 2, line 55.  Is compliance with 
the Bon Homme County’s noise regulation associated with wind energy systems 
achieved through a sound model based on predicted sound levels, or is compliance based 
on actual sound levels?  Please explain.    
 

2-3) Refer to the direct testimony of Mr. Richard James, Page 3, lines 101, through Page 4, 
105.   
 
a) Have any U.S. counties or states adopted the Intervenors’ recommended maximum 

sound level regulation for wind energy facilities of 35 dBA?  Please provide 
documentation to support the response.   

b) Have any U.S. counties or states adopted the Intervenors’ recommended sound level 
regulation for wind energy facilities of no more than 5 dBA louder than the pre-
operational background sound levels?  Please provide documentation to support the 
response. 

 
2-4) Refer to the direct testimony of Mr. Richard James, Page 3, lines 101 – 105, and Page 5, 

lines 158 – 163.  If Mr. James recommends a maximum sound level of 35 dBA, and 
states the setback distance would be on the order of 3600 feet to meet the 35 dBA Leq 
limit, why does Mr. James calculate the setback to prevent annoyance during nighttime 
periods from multi-turbine projects would need to be 1.25 miles?  Please explain. 
 

2-5) Refer to the direct testimony of Mr. Richard James, Page 5, lines 158 – 163, and the 
Intervenor’s response to Staff Data Request 1-4.  The Intervenors recommended a 

STAFF’S SECOND SET OF DATA 
REQUESTS TO INTERVENORS 
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condition that requires a 1,500 ft. setback from a property line, but Mr. James 
recommended a 1.25 mile setback from the property line.  Please explain how the 1,500 
ft. setback is consistent with Mr. James’ testimony.   
 

2-6) Refer to the direct testimony of Prof. Mariana Alves-Pereira, Line 460: “Appropriate 
zoning laws for industrial wind turbines should be considered.”  Please provide Prof. 
Alves-Pereira recommendation for an appropriate zoning law for industrial wind turbines 
to address her concerns regarding ILFN.   
 

2-7) Refer to the direct testimony of Prof. Mariana Alves-Pereira, Lines 460 – 462: “However, 
in the absence of zoning laws based on scientific information, then the governmental 
agencies responsible for Public Health should step in to conduct appropriately designed 
epidemiological studies.”   Which governmental agency in South Dakota is Prof. Alves-
Pereira referring to?   
 

2-8) Refer to the direct testimony of Mr. Jerry Punch, Page 14, lines 396 – 402, and the direct 
testimony of Mr. Richard James, Page 3, line 101 through Page 4, line 105.   
 

Mr. James recommends that “the maximum sound level for audible sounds should 
be 35 dBA (Leq) and 50 dBC, especially for nighttime wind turbine noise. We also 
limited the new noise source to be no more than 5 dBA louder than the pre-
operational background sound level at night.” 
 
Mr. Punch recommends that “the WHO recommendation of 40 dBA Leq 
(night,outside) should not be exceeded at any residence, particularly at non-
participating households.  To provide adequate protection from sleep 
disturbance, nighttime noise levels should be limited to 40 dB LAmax. A metric of 
dB LA10(night, outside), the noise level exceeded 10% during nighttime hours 
and measured at the façade of the residence, may be a reasonable substitute for 
LAmax if considered by acoustical experts to be easier to apply for the purpose of 
compliance.” 

 
The recommendations between these two witnesses for the Intervenors’ appear 
inconsistent.  Actually, Mr. James’ states that the use of a limit of 40 dBA is inadequate 
to prevent adverse effect (Direct testimony, Page 5, lines 143 – 149). 
 
Will the Intervenors advocate for Mr. James’ recommendation or Mr. Punch’s 
recommendation for audible noise at the hearing?  Please explain. 
 

2-9) Refer to the direct testimony of Mr. Jerry Punch, Page 11, lines 303 – 314.  Have any 
U.S. counties or states adopted the Intervenors’ recommended maximum nighttime noise 
level regulation for wind energy facilities of 40 dB LA max?  Please provide 
documentation to support the response.   
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Dated this 19th day of September 2018.  
 
           _______________________    

Amanda M. Reiss     
Kristen Edwards     
Staff Attorneys     
South Dakota Public Utilities Commission  
500 East Capitol Ave.     
Pierre, SD 57501      
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TIME TABLE 

Date 
3-3-15 

3-23-15 
3-24-15 
4-27-15 Zonin 
5-26-15 Zonin 
6-29-15 Zonin 
8-31-15 Zonin 

10-20-15 
8-28-17 Zonin 
9-18-17 Zonin 

11-20-17 
11-21 

12-18-17 
12-19-17 

2-16-2018 Zonin 

Then, in addition to the treatment we received from March of 2015 through 
February of 2018, the election of 2016 gave the residents of the Avon 

District a new Commissioner Bruce Voigt. Bruce is on the Board of Managers 
of Prevailing Winds, and was on that board when he ran. He was told after 

he ran he would not be above to speak to or vote on wind issues. 

But the Prevailing Winds project only affects the residents of the Avon 
District out of the 5 districts in the county. So that gives the residents NO 

representation either for or against the wind project that is in their area. 
They have absolutely no voice in county government on wind issues. This 
is discrimination against the residents that will have to live in this project. 

On page 2 of Article 17 it says: Section 1701: The intent of this ordinance 

is to ensure that the placement, construction and modification of a Wind 
Energy System (WES) facility is consistent with the Bon Homme County's 

land use policies, to minimize the impact of WES facilities, to establish a fair 

and efficient process for review and approval of applications, to assure a 
comprehensive review of environmental impacts of such facilities, and to 
protect the health, safety and welfare of the County's citizens. 

Our county government did not do what Article 17 requires in Section 1701. 

They did not even try. 
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Dear Commissioner: 

J ~&-''s 
f~ ,~.J 

Last week Ronnie Hamstra called me and wanted a meeting to discuss more wind towers 

near to our home. This was devastating news to us. A few years ago when the BH Wind 

just got started, my neighbor Charlie Roth came to my house trying to buy my wind/air 

rights. We were not interested because we believe first they ruin the landscape, kill 

wildlife, cause health problems and are built on a false premise. Wind farms are an 

inefficient form of electricity production and the primary reason they are built is for the 

production tax credit which is paid for by taxpayers including all ofus. In early 2012 

before I built a new house I called Charlie Roth and asked him if there would be any 

wind towers coming this direction because I did not want to live in the middle of them. 

He told me atthat time to go ahead and build my house. I had an advantage over most 

local neighbors on this issue because I took a class on the evolution of wind towers at a 

real estate school maybe 5 years ago. After the big project north of us was built, I wrote 

a letter in the Avon and Mitchell papers and later published another article in the paper. 

There are copies of those letters in your packet. 

After Ronnie called me we really started to get concerned. In those couple of weeks or 

less, I have done a lot ofresearch, and most of what I learned I got from the group we

caresd.org from Canton. That is the local group that stopped the construction oftest 

towers in Lincoln County a couple weeks ago. 

Without going through every aspect of the negatives of wind towers, I have compiled a 

file for each of you and hope you read through it. I also hope you go to the website we

caresd.org and click on every link. We are doing this in our neighborhood. We are going 

to have a representative from we-care come to my house next week and give a 

presentation. We are in contact with the attorney that represented them at their 

commissioners meeting. We also have an attorney in Omaha available who helped a 

farmer by Crofton sue the project near Bloomfield. We are going to have showings of 

the movie "Windfall". We are going to devote a lot of time, effort, and money to educate 

the public about adverse effects of wind towers on our quality oflife. 

Here's why we have to do this: 

Wind Farms ruin the landscape. We lose our unobstructed view of the sunrise, sunset, it 

would be like living in the middle of an amusement park with 50 giant ferris wheels 

turning all the time. We don't want to live there, my neighbors don't want to live there 

and I doubt if any of you want to live there. 

Wind Farms are built on a false premise. They do not lower the cost of electricity, they 

raise it. They say they create local jobs, but according to what I read in the paper, only 2 

permanent jobs were created with $125 million dollars spent. 
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Wind Farms destroy the wildlife. If you go through the links and listen to the 

testimonials on the wind farm in Wisconsin, all the wildlife disappears. Burl Mormann, a 

farmer near the towers in Knox County Nebraska told me when the ducks and geese are 

migrating you can pick up dead birds by the bushel. 

It lowers property values, both residential and bare land. Court cases have proven this. 

In conclusion, it's too bad that there hasn't been more education about wind farms that is 

based on fact. All we have been told is the so called benefits of wind farms. But here is 

how it really works: 

The wind developers find the amiable respected neighbor and they send them out to buy 

up air rights. Once they have the air rights, it's too late. So they build these gigantic 

wind farms, sell them to a foreign corporation, leave town and head down the road to 

start another one. The investors make the millions in tax incentives, the farmers live in 

an amusement park, and some foreign country then can change their agreement with the 

farmer any time they want. The local group has no power, they have sold out, and so 

what farmer is going to sue some company from Germany, China or India? 

Today we are asking the commissioners to spend some time getting educated on the 

adverse effects of wind towers. You should be most concerned about reduced property 

values. The court cases have already been won in other states that show wind turbines 

reduce the property values for both bare land and residences. As soon as these towers are 

built, there will be a steady flow oflandowners into the assessor's office to get a tax 

reduction once the word gets out. Not only would I want my property taxes and 

valuation reduced, I plan to sue BH Wind or Ronnie Hornstra personally for the loss I 

will have to take on my property. 

The first project isn't even finished and they already want to start a 2nd one. What's the 

big hurry? We haven't seen any result from the north wind farm, good or bad. One big 

thing that I think we all should consider is playing out now right before us. By the time 

any landowner has any remorse or health problems or property devaluation, the 

developers are going to be long gone. And the farmer has no representation against a 

giant corporation from Germany. He's stuck with it. 

I urge the commissioners to consider these things: 

1. Put a one year moratorium so that there is one year to study the impacts of the 

wind faim for 1 year after all blades are turning. Like I said, what is the hurry? 

2. You should revise county zoning so that no tower is built within a mile of 

anybody's residence. Although this would be a 2nd choice for me personally, it 

would help some. 
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3. The assessor told me there are 115,000 acres in the Avon School District. Why 

not raise taxes by one dollar an acre, if they need the money. Would spending 

$125, million dollars make more sense? When the towers devalue the land and 

houses in the district, the money coming in from the towers will be decreased 

substantially. 

4. would like the county to become a representative for the landowner and his rights 

rather than let the big wind developers tell you what they are going to do. The 

landowner and taxpayer should be your first priority. Big money is running our 

state and our country. We don't want it running our local government too. 

We are forming a local group to educate the public on this. Our first meeting will be at 

my house next week and I would like to see each of you there. I would hope you read 

through all of this material, but more importantly, go to the we-care.org website. It's put 

together by people around Canton. They are doing their homework. They have turned 

the opinion on wind farms 7-1 against, once people heard the other side. 

Thanks, Gregg Hubner 

The link below is provided to local Bon Homme and Charles Mix County landowners 

and the general public who may be affected by wind farms now or in the future. This 

website is hosted by a group oflandowners in southern Lincoln County, S.D. who have 

researched the negative effects of wind farms including health issues, decreased property 

values, noise, & foreign ownership. They have invested an enormous amount of time and 

money to educate the public on this issue. 

CLICK ON www.we-caresd.org 
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Hubner Auction & Realty Inc. 

Gregg C. Hubner, Real Estate Broker & Certified General Appraiser 

29976 406th Avenue, Avon, SD 57315 Office: 605-286-3205 

July 2, 2015 

Bon Homme County Zoning Board 

At the request of Tina Talsma on Monday, I am sending you most of the letters recently written 

to the Avon Clarion, Tyndall Tribune, Mitchell Daily Republic, Yankton Press and Dakotan and 

the Wagner Post. 

These letters were written by Gregg Hubner, Marsha Hubner, Jesse Hubner, Jamin Hubner, 

Mike Giedd, Mary Walkes, Greg Whiteley, Judy Knoll, Tom Kolecka, Ed Van Gerpen, Phyllis 

Hubner, Mike Hubner, David Ratzlaff, Karen Jenkins, Arnold Sattler, along with some editorials 

by Jack Bradeen. I apologize as there may be some duplicate letters included. 

Also I will re send you thee mail from the vet in Bloomfield, Nebraska, and I guess if you don't 

believe thee mail then please make the call to him to confirm it. We are working on putting 

ads in papers near wind farms to find some negative stories concerning noise, health, etc. We

caresd.org has already obtained contacts near White Lake. 

Also, as far as our numbers against the project, we have written a petition at the advice of our 

attorney, but have not started to collect signatures until we think we have to be at a public 

hearing of the PUC. It is difficult to know exactly who to talk to when we don't even know the 

proposed location of the 100 turbines. 

In August we-caresd.org from Lincoln County is going to host a national expert on wind farms. 

We will try to get as many people from this area to go that might be interested in the truth. 

I have just finished reading the book "The Wind Farm Scam11
• It was written by Dr. John 

Etherington, an ecologist from England, and gives a study of the evolution and failings of wind 

energy in England. It more than convinced me of what 1 already knew: Wind Farms and Wind 

Energy are a huge multi-billion dollar taxpayer scam both in Europe and in the United States. 

Auctions Appraisals Real Estate 
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A Falmouth veteran battles wind 
turbines - and health woes 

35COMME:NTSPRlNT 

PHOTOS BY DEBEE TLUMACKI FOR THE BOSTON GLOBE 

Barry Funfar on the deck of bis home, near the turbines. 

By BellaEnglish GLOBE STAFF JANUARY 24, 2014 
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FALMOUTH - Barry Funfar is a 67-year-old Vietnam veteran who spent most of his 

waking moments since retirement a decade ago worldng with the hundreds of flowers 

and trees he planted around the Colonial-style house that he built. Gardening was his 

exercise, therapy, and passion, and his doctors agreed it was beneficial to combat his 

post traumatic stress disorder. 
A Marine, Funfar flew 127 combat missions as a door gunner on Huey helicopters and 

was awarded seven Air Medals for meritorious service. 

Years later, he is battling another enemy: two wind turbines near his home, which he 

says have ended his gardening, caused him unremitting health problems, and 

exacerbated the PTSD that has plagued him for decades. 

Last spring, he and his wife, Diane, filed a complaint against the Town of Falmouth, and 

the Zoning Board of Appeals recently agreed with the couple that the green energy 

turbines create a nuisance for them. A year earlier, the board had issued a similar ruling 

in another turbine case. 

But instead of complying with its own zoning board, the Town of Falmouth is suing the 

board - again. 

View Gallery 

Photos: A veteran battles turbines 

In the earlier case, Barnstable Superior Court Judge Christopher Muse issued a 

temporary order, while the case is pending, that the turbines run only between 

7 a.m. and 7 p.m. Dozens of other Falmouth residents have also testified before the local 

health board about negative health effects. 

These residents are not alone. 

Seeking cleaner and cheaper sources of power, governments around the world have 

been turning to wind power. But as the turbines increase so have complaints about 
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health problems. There remains significant disagreement about the medical legitimacy 
of those claims, but there is no doubt in the minds of Funfar and others who suffer. 

Funfar, who was diagnosed with post traumatic stress disorder in 2003 after decades of 
nightmares, anxiety, anger, depression, and alcoholism, was treated by doctors and 
counselors at the VA Medical Center in Providence, sometimes attending group and 
individual therapy sessions four days a week. He still goes weekly. 

Funfar joined the Marine Corps in 1965, a farm boy from North Dakota. At boot camp 
graduation, his drill instructor handed him a military ID and said: "Here's your license 
to kill." It's a statement that still haunts Funfar. 

But by 2008, after the intensive therapy, he says, he was feeling much better. 

"It took a lot of therapy to change those nightmares that I was killed," he said on a 
recent day in the house he built in 1999. "In those dreams, my copter would be shot 
down; the enemy would chase us and kill us, and I'd be at my own funeral." 

In Falmouth, where the Funfars have lived since 1979, gardening became a big part of 
his life, and his doctors encouraged it as a healthy outlet for his PTSD. As the oldest of 
five boys growing up on an isolated farm, Funfar had always had a passion for plants. 

You might ~11 it an obsession. His lot, not quite an acre, has 128 varieties of clematis 
plants, 500 rhododendrons and azaleas, eight varieties of magnolias, and this year, he 
put in 10 Japanese maples. That doesn't include myriad other plants; Funfar reckons 
he's got "thousands of them out there." He has given away hundreds. 

In fact, he did the master plan for his garden before he even built the house. 

Funfar has carved paths in what he calls his "wild woodland garden," and built a 
greenhouse on the property as well as a gazebo with a wood stove and microwave, where 
he sits and peruses some of the dozens of gardening books he has amassed. He also has 
several photo albums of his plants, with notes scribbled alongside each picture. He 
makes his own greeting cards with pressed flowers from his garden, and his home was 
included on three garden tours. 

"Any moment I wasn't working, I was with those plants," says Funfar, who in 2003 

retired from his carpet-cleaning business. 

But these days, the property is overgrown and neglected, the greenhouse and gazebo 
abandoned. In March 2010, the town installed its first wind turbine and added another 
the following year. The first is 1,662 feet from the Funfar home, the second 1,558 feet. 
Both can be seen from their roof deck. 

"The first time I heard it, I couldn't believe it could make that much noise," he says. It's 
also the inaudible low frequency and infrasound waves that he says have made him ill, 

 
015792



Exhibit A22-1

Page 21 of 66

-, ,.. ~ ) _;(J 

f 44S 
with symptoms such as heart palpitations, surges in blood pressure, migraine 

headaches, and sleep deprivation. 

"I feel a quivering in my chest," he says. "I get panic attacks. My pulse is 180, and three 

hours later it's still 130. I'm on blood pressure medication, and my pressure was down to 

120 over 70. But now, I'll get 155 over 115. I feel my life is being shortened by this." 

In its complaint against its zoning board, the Town of Falmouth said that the wind 

turbines do not constitute a nuisance under either town or state law. Moreover, 

Falmouth called Funfar's symptoms "a preexisting condition known as post traumatic 

stress disorder." 

Funfar replies that yes, he has had PTSD "but never did I have this quivering in my 

chest, these migraines and flashes in my eyes." 

The pro-turbine camp has spent a lot of online ink maligning patients such as Funfar, 

while the anti-turbine camp also uses the issue as a rallying cry. "This is a medical 

puzzle plopped into the middle of a very political environment," says Dr. Steven Rauch, 

a hearing and balance specialist at the Massachusetts Eye and Ear Infirmary and 

professor of otology and laryngology at Harvard Medical School. 

Caught in the middle of political and financial interests, he says, are patients like Funfar, 

who are experiencing significant symptoms. "I personally have no doubt that there is a 

real physiological phenomenon going on and some patients are vulnerable to it," says 

Rauch, who has seen two such patients with a plethora of symptoms, but has not treated 

Funfar. "There's a lot of science on it, and it's growing." 

Humans have varying sensitivities to sound, and a subset of those exposed to wind 

turbines suffer from the low-frequency pressure waves that penetrate walls and homes, 

says Rauch. 

For Funfar, the only way be can elude the turbines' effects is to leave the area. He spends 

much time between 7 a.m. and 7 p.m. helping out at bis daughter's or son's homes, 

which aren't near the turbines. He takes his grandsons to the library. Sometimes, he sits 

in church. 

And a year ago, he and Diane bought a house in the Dominican Republic with mango 

and avocado trees where he can garden "to my heart's content" for several months of the 

year. 

Diane Funfar, a retired math teacher at Falmouth High School, says her husband's 

PTSD had improved with treatment. "He was happy, working in the yard," she says. "But 

then the turbines came and turned him into a different person. He got panic attacks and 

anxiety; his blood pressure went up, and bis meds increased. 

"The thing he loved to do most was working in the yard, but he can't be here when the 

turbines are going. He can't even put the trash out when the turbines are loud." 
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As for her own health, Diane says she wore contact lenses for 42 years but since the 
turbines, she has had to give them up because of eye discharge that she never before 
experienced. "And I get headaches now and I never, ever got headaches." 

In letters included in the Funfars' complaint, his treatment team at the VA hospital 
supported his claim. Psychologist Christy Capone reported that Funfar had been making 
great progress with his PTSD symptoms until the installation of the turbines. "His 
symptoms have worsened significantly .... His backyard, previously his 'sanctuary' 
where he spent many peaceful hours gardening, is now a place of stress and conflict," 

she wrote. 

In its May 2013 annual election, the Town of Falmouth put a tax initiative on the ballot 
for funds to decommission the turbines. But though the initiative had passed in Town 
Meeting, it failed 2-to-1 at the polls. 

The cost of removing the turbines was estimated at $3-4 million, and the town would 
lose about $400,000 in revenue from the sale of electricity generated by the turbines, 
which is used to pay municipal electric bills. 

The town borrowed nearly $5 million to build the first turbine, and received a $5 million 
state grant for the second one. But if the latter is taken down, the grant must be repaid. 

"These financial consequences are part of the basis of the town's decision to appeal [ the 
ZBA ruling]," says Town Counsel Frank Duffy. 

The Funfars have looked into selling the house that he hand-built "from concrete to the 
electrical" but say that the property value has decreased nearly 30 percent, according to 
appraisals done before and after the turbines came in. (The zoning board agreed with 
the Funfars, but the town responded that the claim is ''based upon insufficient 
evidence.") 

The Funfars also say they've spent more than $20,000 on lawyers to fight the turbines. 

The wind turbine issue has divided the Falmouth community into two camps. One letter 
to the local newspaper "told me to suck it up and do something for my country," says 
Funfar, visibly upset. "Personally, I feel I did my duty for this country." 

Bella English can be reached at english@globe.com. 
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Setbacks (distance from a wind turbine from a home or property line) is the best 
tool that county government has in protecting the health, safety and welfare of 
the county's citizens. The proposed Bon Homme County ordinance concerning 
setbacks states: 

"Article 17 Wind Energy Systems" 

"The intent of this ordinance is to ensure that the placement, construction and 
modification of a Wind Energy System facility is consistent with the Bon Homme 
County's land use policies, to minimize the impact of WES facilities, to establish a 
fair and efficient process for review and approval of applications, to assure a 
comprehensive review of environmental impacts of such facilities, and to protect 
the health, safety and welfare of the County's citizens." 

IMPROPER SETBACKS WILL PRIMARILY IMPACT THE HEALTH, SAFETY AND 
WELFARE OF THE COUNTY'S CITIZENS IN 2 MAIN WAYS: 

HEALTH ISSUES AND PROPERTY DEVAULATION 

We hope you can take the time to look through the attached studies and other 
material relevant to these two issues and then ask yourself if the setbacks the 
zoning board is suggesting will protect the health, safety and welfare of the 
County's citizens. 
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August 24, 2015 

Dear Commissioners and Zoning Board: 

After several months of attending Zoning Board meetings, we were astonished at the board's 
recommendation to propose wind turbine setbacks as close as 550 ft. from a residence. We 
have provided you many studies about the negative impacts of wind turbines without proper 
setbacks. This research shows that 1 ½ to 2 miles is a bare minimum for health concerns. At 
the we-care meeting in Beresford earlier this month we also learned that property values for 
both homes and bare land decline from 25% to 40% within 3 miles from a wind farm. 

After picking up a copy of the "Article 17 Wind Energy Systems" zoning draft, we couldn't help 
but wonder if the zoning board is acting consistently with the "intent" in Section 1701: 

"The intent of this ordinance is to ensure that the placement, construction and modification of 
a Wind Energy System facility is consistent with the Bon Homme County's land use policies, to 
minimize the impact of WES facilities, to establish a fair and efficient process for review and 
approval of applications, to assure a comprehensive review of environmental impacts of such 
facilities, and to protect the health, safety and welfare of the County's citizens." 

It appears that your allegiance is to the developers and the promise of money over and above 
any concern for the citizens of your county. We invited you to our very first informational 
meeting at our house and no one came. Although I was not at the we-caresd meeting in 
Canton, I did not see any of you at the Beresford meeting, where the Certified General 
Appraiser specializing in "Impacts of Wind Farms on Property Values" spoke. I understand 
some of you did take the time to go with Roland Jurgens to Wessington Springs. 

Marsha recently wrote a letter in the Tri State Neighbor; and received a complimentary phone 
call from Gary Borer from Elgin Nebraska. A couple days ago I informed him of the zoning 
board's setback suggestions, and he sent back to me the 2 e mails I am attaching. As you see in 
the e mail, their project is being built in 3 phases. Phase 1 had a 1000 ft. setback, which as he 
said "ruined the quality of life in many rural Antelope County homes". So Phase II was 2000 
feet. He called 2000 feet "not near enough". Now they want a one mile setback for Phase Ill. 

As we said from the beginning, if this huge project is built as projected, it will be the biggest, 
tallest, most encroaching wind farm in the state. Proper zoning from the beginning is the only 
tool the county has to to protect the health. safety and welfare of the County's citizens." 
Mr. Borer's phone number is 402-843-2436, his address is 83786 522nd Ave. Elgin, NE 68636 and 
his email address is on the enclosure. 

Have you talked to anyone living within 550 ft. of a wind turbine or even 1000 ft. of a wind 
turbine? Would you like to live that close to one? 

Gregg & Marsha Hubner 
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August 24, 2015 

Dear Commissioners and Zoning Board: 

After several months of attending Zoning Board meetings, we were astonished at the board's 

recommendation to propose wind turbine setbacks as close as 550 ft. from a residence. We 

have provided you many studies about the negative impacts of wind turbines without proper 

setbacks. This research shows that 1 ½ to 2 miles is a bare minimum for health concerns. At 

the we-care meeting in Beresford earlier this month we also learned that property values for 

both homes and bare land decline from 25% to 40% within 3 miles from a wind farm. 

After picking up a copy of the "Article 17 Wind Energy Systems" zoning draft, we couldn't help 

but wonder ff the zoning board is acting consistently with the "intent" in Section 1701: 

"The intent of this ordinance isto ensure that the placement, construction and modification of 

a Wind Energy System facility is consistent with the Bon Homme County's land use policies, to 

minimize the impact of WES facilities, to establish a fair and efficient process for review and 

approval of applications, to assure a comprehensive review of environmental impacts of such 

facilities, and to protect the health, safety and welfare of the County's citizens." 

!t appears that your allegiance is to the developers and the promise of money over and above 

any concern for the citizens of your county. We invited you to our very first informational 

meeting at our house and no one came. Although I was not at the we-caresd meeting in 

Canton, I did not see any of you at the Beresford meeting, where the Certified Genera! 

Appraiser specializing in "Impacts of Wind Farms on Property Values" spoke. I understand 

some of you did take the time to go with Roland Jurgens to Wessington Springs. 

Marsha recently wrote a Ietter in the Tri State Neighbor; and received a complimentary phone 

call from Gary Borer from Elgin Nebraska. A couple days ago I informed him of the zoning 

board's setback suggestions, and he sent back to me the 2 emails I am attaching. As you see in 

thee mail, their project is being built in 3 phases. Phase 1 had a 1000 ft. setback, which as he 

said "ruined the quality of life in many rural Antelope County homes". So Phase II was 2000 

feet. He called 2000 feet "not near enough". Now they want a one mile setback for Phase Ill. 

As we said from the beginning, if this huge project is built as projected, it will be the biggest, 

tallest, most encroaching wind farm in the state. Proper zoning from the beginning is the only 

tool the county has to to protect the health. safety and welfare of the County's citizens." 

Mr. Borer's phone number is 402-843-2436, his address is 83786 522nd Ave. Elgin, NE 68636 and 

his e mail address is on the enclosure. 

Have you talked to anyone living within 550 ft. of a wind turbine or even 1000 ft. of a wind 

turbine? Would you \ike to live that close to one? 

Gregg & Marsha Hubner 
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Gary Borer <gborer@kaytonint.com> Sat, Aug 15, 2015 at 8:16 AM 

To: "gregghubner@gmail.com" <gregghubner@gmail.com> t -J-~ ~~s Mlt Y 

GREG. YOUR ZONlNG PEOPLE ARE VERY UNIFORMED. THEY NEED TO VISIT SITES WHERE WINDTOWER ARE 

2000FT AWAY LET ALONE 1000. CURRENT ZONING REGULATiONS IN ANTELOPE COUNlY NE ARE 1000 FT 

AWAY. THAT Wfa.S USED IN PHfa.SE 1 TWO YEARS AGO AND IT IS A DISASTER. LAST YEAR PHASE 2 PASSED 

WITH A 2000 FT SET BACK WHtCH !5 NOT NEAR ENOUGH. WE ARE fa.SK!NG FOR A MILE SET-BACK IN PHASE 3 

AND IT IS STRONGLY BEING CONSIDERED. HOLT COUNTY, JUST TO THE WEST Hfa.S SETTHElR SET-BACKS AT 

½ MILE. WHEELER COUNTY TO THE SOUTHWEST HAS TENTlVELY SIT THEIR SET-BACK AT 2500 FT. STATES 

BACK EAST HAVE STATE REGULATED SET BACKS AT 1-1.5 Ml LES.THIS IS A VERY SERIOUS ISSUE BECAUSE 

ONCE THE TOWERS ARE ALLOWED TO BE BUILT THERE lS NO MOVING THEM. PLEASE TELL YOUR ZONING 

PEOPLE TO RESEARCH THlS MUCH MORE BEFORE THEY ALLOW THIS TO HAPPEN. lF THEY WANT MORE 

TESTIMONY PLEASE HAVE THEM CONTACT ME. 1000 FT SET-BACKS HAVE RUINED THE QUALITY OF LIFE IN 

MANY RURAL ANTELOPE COUNTY HOMES. THEY WILL NOT PUTTOWERS WITHIN AMlLE OFA ClTY OR 

TOWN, WHY SHOULD THEY BE ALLOWED TO PUT THEM WlTHIN A MILE OF OUR HOMES??? GARV BORER 

From: Gregg Hubner [mailto:gregghubner@gmail.com] 

Sent: Friday, August 14, 2015 3:12 PM 

To: Marsha Hubner <mjhubner@gmail.com> 

Subject: Bon Homme County suggested Zoning for wind turbine setbacks 

r-...... ,..,.....,- .._ __ ,....,_ a...:::,...1-t .. 

Gary Borer <gborer@kaytonint.com> 
To: "avonclarion@hotmail.com" <avonclarton@hotmaH.com> 
Cc: Gregg Hubner <gregghubner@gmail.com> 

Sat, Aug 15, 2015 at 11:22 AM 

DEAR EDITOR IN ANTELOPE COUNTY IN NORTHEAST NE, TWO YEARS AGO IN 2013. WlND TOWERS 

\/VERE ALLOWED TO BE CONSTRUCTED WlTH A 1000 FT SET-BACKFROM HOUSES IN PHASE 1. THIS 

DID NOT TURN OUT VERY WELL DUE TO EXCCESIVE NOICE. IN 2014 IN THE SAME AREA, PHASE 11 

WAS ALLOWED WITH SET-BACKS OF 2000 FT FROM HOUSES. !N THE NEXT PART OF THE PROJECT 

WE ARE ASKING FOR I MILE SET BACKS FROM HOUSES. WEST OF US IN HOLT COUN1Y THEY ARE 

USING SET- BACKS OF ONE HALF A MILE. SOUTH WEST OF US IN WHEELER COUNTY THEY ARE 

CONSIDERING SET- BACKS OF 2500 FT. EASTERN STATES ARE USING STATE REGULATED SET 

BACKS OF 1 MILE. YOU DO NOT SEE WINDTOWERS WITHIN A MILE OF CITIES OR TOWNS. WHY 

SHOULD OUR RURAL FARM RESIDENTS BE TREATED ANY DIFFERENTLY?? 

. \ _ou3_ )i./J b 
Lf () d-- - 0 7. 

GARY BORER 

ELGIN NE 

.----,. 

llttps:/lmal\.google.com/maillu/O/?ul=2&ik=1349Dcoa25&view=pt&search=inbox&msg='\4i3181896b82533&siml,;;1.4fS181896bS2533 1/1 

 
015798



Exhibit A22-1

Page 27 of 66

As citizens of Bon Homme County concerned about health problems and 

decreased property values as the result of living near an industrial wind farm, we 

propose the following amendments to the Article 17 Wind Energy Systems (WES) 

proposed by the Bon Homme County Zoning Board: 

Section 1723 Setbacks 

A) Distance from currently occupied off-site residences, business and public 

buildings shall be not less than 2 miles. Distance from the residence of the 

landowner on whose property the tower(s) are erected shall be not less than¼ 

mile. For the purpose of this section only, the term "business" does not include 

agricultural uses. 

B) Distance from right of way (ROW) of public roads shall be no less than¼ mile. 

C) Distance from any property line shall be no less than¼ mile, unless appropriate 

easement has been obtained from adjoining property owner. 

Section 1727 Lighting 

Towers shall be marked as required by the Federal Aviation Administration (FAA). 

Lighting shall be Transponder Activated (obstacle collision avoidance) everywhere 

FAA guidiance allows. There shall be no lights on the towers other than what is 

required by the FAA. 
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September 22, 2015 

Dear Real Estate Commission, 

I am a licensed South Dakota Real Estate Broker, but write this letter as a consumer. About 8 years ago I 

attended a continuing education school that had a one day seminar on Industrial Wind Farms. It was 

not pro or anti Wind Farms, it was just information on how the developers work and explained the 

process from beginning to end. 

In about 2010 or so my neighbor just a mile away stopped in and wanted me to sell easements on my 

land for wind towers. They make it sound lucrative because they show you projections 25 years out, 

and in many cases, it's over a million dollars for a farmer. The developer never shows up, only your 

neighbor. That's their tactic. Although the taxpayer pays in about $165,000 per tower per year to make 

wind farms viable, the Production Tax Credit that provides this money is only a 10 year program. They 

promise you the same money for 25 years. After year 10, if you follow these projects, you will find many 

of them are on their 3rd or 4th owner (that alter the leases to their benefit) and some file bankruptcy. 

In 2011 we sold our home of 33 years on the outskirts of Avon with intentions of building a new home 2 

miles north of town, only a mile from where I grew up, on land that has been in our family for 

generations. In the spring of 2012 I called this same neighbor and asked him if there was any chance of 

wind towers coming, as there was no way I would build a new home if they were. He told me nothing 

was happening, and go ahead and build my house. The reason nothing was happening was the 

Production Tax Credit had lapsed, and if you do your homework you will find when there is no 

Production Tax Credit in place, construction of wind farms falls by 93%. What most people don't know is 

they are not built for the electricity or for green energy; these are just by- products. They are built so 

that they can be sold to big multinational corporations, (70% of all United States Wind Farms are owned 

by foreign corporations) so they can get the 2.3 cents kwh tax credit. It's simply a taxpayer scam. 

So we built our home and love it. We have a beautiful view in 4 directions and it is where we want to 

retire. In late 2013 they started building a 43 tower wind farm about 12 miles north of our house. This 

was a shock to us, as we thought that was over. But the Production Tax Credit was extended another 

year, and the gravy train to the corporations was running again. They put up 43 towers at the corner of 

Bon Homme, Hutchinson and Charles Mix Counties in only a few months. The towers weren't even 

operational yet and they sold the project to BayWa, a German corporation. Northwestern Public Service 

was more or less forced to buy the electricity through some mandate called PURPA. In April of 2014, 

Northwestern Energy announced they were going to ask the PUC for a 20% rate hike, their first rate hike 

since 1980. Wind Energy raises electrical rates, it does not reduce them. I can sit in my chair every 

evening and look out the window at 43 red blinking lights that are 12 miles away. 

In March of 2015, I received a phone call from a local investor that is the biggest local proponent of the 

Wind Farms. He wanted to meet with me to discuss buying my easements. I asked him if they were 

planning more wind towers and he said yes, 100 more, all around where I just built my house. We 

were devastated to say the least. A couple weeks later we met with them for 3 ½ hours. When they 

left, we actually cried. They offered my brother and me nearly 3 million dollars over 25 years, and 

showed us a map with towers east and west of our home. We knew the 3 million was a hoax, as they 

promised us 12% of the whole project, and we are just small farmers. They make the number as big as 

they want it, just to get people to sell their easements. In fact, a lot of people that signed up for the first 

43 tower project never got a tower, only a buried transmission line under their crop fields. 
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We went to bed thinking we could move, orwe could move our house, but if this next project was built, 

it was not only going to ruin our home, but the homes of our neighbors, and ruin our entire community. 

Because once these gigantic wind farms are built, in this case 143 towers, the biggest, tallest project 

ever built in South Dakota. There is no recourse. People would gradually leave their rural homes and 

leave the area. When we woke up the next morning my wife and l agreed we were going to fight. 

Since then, it has been a one sided battle, with the developers completely running the county zoning 

board and the county commissioners. Our group that is against 100 more towers thought that the 2nd 

worst thing that could happen would the towers would be built, but with proper zoning, maybe we 

could live with it. All of our research shows 2 miles from a residence is a minimum for infrasound 

problems. We proposed to the county zoning commission setbacks of 2 miles from a residence and¼ 

mile from an exterior property line or public right of way. We also allowed for variances to anybody that 

wanted them, as long as it would not affect a neighbor that wanted to be protected by 2 miles. We felt 

this would make it acceptable by both sides, and if that didn't work, then they are building in a too 

highly populated area. The zoning commission completely ignored our proposal and the supporting 

evidence we gave them. They drafted an ordinance with setbacks of 1000 ft. from a home and 550 ft. if 

you have signed an easement. At the hearing we had about 45 people against it, over a dozen spoke 

against it, but they completely ignored us and passed the ordinance. They had 2 people speak in favor 

of the ordinance, one 80 year old farmer and the actual Project Developer himself. They were 

completely sold out. 

ln June of 2015, I had a local builder call me for an update on the 100 turbines, because he had a person 

in this area that was going to build a new house, but if the wind farm was coming, he would cancel his 

plans. In 2012 had I known a wind farm was coming, I would have never built a new house where I did. 

We have read research and been to meetings about the devaluation of real estate, both bare and 

improved that is close to wind farms. You don't really need any research, its common sense. If you had 

a choice of living under a wind farm or not under a wind farm, which would you choose? 

In conclusion, I think it is of upmost importance that the South Dakota Real Estate Commission 

considers adding the Existence or knowledge of future Industrial Wind Farms to their property 

disclosure statements. There are potential health effects and there is definitely going to be a 

decrease in property values. Real Estate professionals will be at risk for lawsuits, and the consumer 

will not be protected. 

I have volumes of studies, evidence, articles and books written on the negative aspects of Industrial 

Wind Farms. All one has to do is start searching for it on line. Lincoln County, South Dakota is facing a 

similar challenge. What is happening is that the eastern states have become smarter and don't want the 

towers in their area. So the developers are going to build as many towers as they can in South Dakota 

and send the power to the east. This in essence, will make South Dakota the "Wind Turbine Dump Site". 

We will have the towers and all of their negative effects, someone else will have the electricity, and the 

developers, corporations and investors will have the money. I am attaching some websites that will be 

helpful in making your decision. 

Gregg Hubner 
29976 406th Ave 
Avon, SD 57315 
6056601867 
gregghubner@gmaii.com 
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Hubner Auction & Realty Inc. 

Gregg C. Hubner, Real Estate Broker & Certified General Appraiser 

29976 406th Avenue, Avon, SD 57315 

Dear County Commissioner: 

Office: 605~286~3205 

l hope you are keeping up with what has been happening with the Beethoven Wind Farm. It 

started producing electricity May 28 and it's already on its 3rd owner. Although the developers, 

Ronnie Hornstra and Frank Kloucek always want to paint a pretty picture, you and I have to deal 

with reality. Please read the article I am sending along with my response to it as a letter to the 

editor. 

You as county commissioners have some big decisions to make in the coming months. One is 

setbacks. Although a group of us supplied the zoning committee with volumes of studies, we 

had over 20 letters of support, we had over 45 people there to support our 2 mile setbacks, 

(with waivers) we had about a dozen citizens speak on our behalf, and the zoning committee 

ignored us. Roland Jurgens, Ronnie Hornstra and only one farmer Ario Dewald, were the only 

ones against our proposed setbacks to speak up. 

Roland Jurgens has been running the show. He gets more time to speak and seems to get more 

respect than the citizens that you work for. He doesn't pay any taxes here, and when he gets 

done with this next $350 million dollar project,! wonder who is going to get the bill? Will it be 

the Northwestern Energy customers again? Will it be the REA customers? It's always the 

middle class taxpayer and consumer that have to pay. 

As soon as you figure out that the developers will tell you anything to keep this project moving 

forward, because their agenda is nothing more than money for themselves, and start seeing 

what is really happens after they are built, you should come to the same conclusion a lot of us 

have: We don't want anything to do with them. 

Gregg Hubner 

Auctions Appraisals Real Estate 
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Hubner Auction & Realty Inc. 

Gregg C. Hubner, Real Estate Broker & Certified General Appraiser 

29976 406th Avenue, Avon, SD 57315 

October 12, 2015 

Bon Homme County Commissioners 

Office: 605-286-3205 

Again, we would like to voice our opinion as to our opposition to Article 17, which is the 

ordinance you are going to vote on concerning wind turbine setbacks. We have provided both 

you and the zoning board volumes of information and studies on the negative impacts of living 

too close to a wind tower. In the real estate business the first thing you learn is "LOCATION 

LOCATION LOCATION." That should be all you need to know if you think there isn't going to be 

a lot of land and homes losing value in our county. Who takes the loss on that? 

I have heard more than once that because you lost the Dakota Plains Project you are replacing 

that lost revenue with a wind farm, and nothing is going to stop you. You didn't lose something 

you never had. Dakota Plains was just using you, just like Roland Jurgen is using you now. It's 

too bad you can't see that. 

For those of you commissioners that live in towns or communities serviced by Northwestern, 

you are part of the reason their electric rates are going up about 30%. They are going to be 

forced to buy the Beethoven Wind Farm. Did Roland Jurgen or Ronnie Hornstra tell you that 

was going to happen? . 

If you pass this ordinance we are going to start the referendum process to let the people vote 

on this issue. We would hope you would be open to compromising so that next step would not 

be necessary. We are offering changing our proposed setbacks from 2 miles to 1 mile with 

variances for those who want them. You must admit that the setbacks you adopted were never 

intended for turbines 500 ft tall. 

You don't work for Roland Jurgen, you work for the people. We elect you and we pay your 

wages. As you saw at the Zoning Board hearing, only the investors and developers were for 

these setbacks. The citizenry there and those represented by letters were all against them. 

Your job is not to establish economic development. Your job is as written in the last line of 

Section 1701 of the ordinance you are about to vote on which says "to protect the health, 

safety and welfare of the County's citizens". 

Auctions Appraisals Real Estate 
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At one of the first meetings with the commissioners where I expressed my 
opposition against the wind farm, Russel Jelsma told me" There's your opinion, 
there's my opinion and then there is reality. He was right. So let's talk a couple 
minutes about reality. 

1. The developers and Ronnie Hornstra have been telling us that wind energy 
would keep our utility bills low because it is so cheap. In Ronnie's last letter to 
the Avon Clarion, he stated: ({Electricity from new wind energy is almost always 
the lowest cost power that can be added" and "when utilities add wind energy to 
their generation portfolios it helps stabilize the cost of electricity for their 
customers" On October 30, 10 days from now the South Dakota PUC is going to 
allow Northwestern Energy to raise their rates $20.2 million annually plus an 
additional $9 million dollars annually so their customers pay for the Beethoven 
wind farm. That's reality. 

2. The developers and Ronnie Hornstra have been telling us that a wind farm is 
going to funnel a lot of tax money into the school system. Our own editor, Jack 
Brodeen made a trip to Bloomfield, Nebraska and came back and wrote this in his 
article: "The business manager of the school said what was promised to be 
mountains turned out to be molehills". That's reality. 

3. Our group has provided you with volumes of information and studies, people 
to call, and for all practical purposes you have ignored us. The zoning board 
ignored the vast majority of citizens at their hearing and voted for Roland Jurgen. 
Sadly, that's reality also. Industrial Wind Farms are nothing more than a way to 
scam billions of dollars from taxpayers. If you pass this ordinance you either fell 
for the scam or you are part of the scam. The least you could do is protect your 
citizens by proper zoning to protect their health, safety and welfare, just like the 
ordinance says. If you adapt this ordinance tonight, you are not going to protect 
our health, safety and welfare, and there is plenty of evidence you have been 
warned against the two big negatives of improper setbacks: Property devaluation 
and health concerns. And if there are problems that lead to lawsuits down the 
road, the developer is off the hook because the County Commissioners passed the 
zoning. The developer built within the zoning laws. So again Roland Jurgen has 
outsmarted you, and I'm not sure you even see it. 
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lri my letter I sent to you this week as public input I mentioned a compromise, 

that being 1 mile from a residence and¼ mile from an exterior property line or 

public right of way. Did you have time to read that? To me that is a win win plan. 

For us that want towers 2 miles from our house, we could settle for a mile, 

although we wouldn't like it. The compromise included waivers for anybody that 

wanted, as long as it wouldn't affect the 1 mile setback of somebody not 

participating. Roland Jurgen or even Charlie Roth or the people that went around 

buying easements could get these waivers from all these people either for free, or 

maybe by paying them. Surely with the 15,000 acres you have leased you must 

have scores of farmers signed up, they would all give you waivers to put the 

tower 550 ft. from their house, right? So everybody then is satisfied. 

You've been lead to believe a lot of things about wind farms that just didn't turn 

out to be true. I read something the other day that you should think about: 

When an honest man discovers he is mistaken, he will either cease being 

mistaken or he will cease being honest. 
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May 4, 2017 

Dear Bon Homme County Commissioner/Zoning Board Member, 

It's been a while since I've had any correspondence with you, who represent me at the county level. By now I 

assume you have realized that what Roland Jurgens has told you was mostly false. I looked in the brochure 

they left me in March of 2015. That brochure said the wind project would be done by now. It hasn't even 

started. It said they had 15,000 acres of land leased, and in August of 2016 they sent out a letter to every 

landowner in this area with a map of where the project was going to be built. Then a few days after the PUC 

meeting in Avon, they pulled their application. Roland Jurgens told the Yankton P&D they would not break up 

the project into smaller units, but in December the PUC received notification they started 13 new projects, all 

new LLCs, all signed by Ronnie Hornstra. They said they weren't going to force utility companies to buy the 

electricity, but every one of the 13 projects is designed to qualify for PURPA, which can force utility companies 

to buy the electricity and raise rates, just like theirfirst project. I assume you have been keeping up with the 

Northwestern vs. Con Edison hearings in Pierre. 

I am writing a book called "Paradise Destroyed", the destruction of rural living by the wind energy scam. It will 

be out this summer. There is a chapter in there called "The Bluff'. This explains how they bluff everything, 

including that they have leases in place, they have a demand for the electricity, and they promise all this 

money to the school which in this case was an out and out lie. They run their whole business model on 

pretending the project is going to be built because that will force landowners to sign leases thinking they will 

be left out of the money if they don't. 

I hope Roland explained to you why they pulled their application. 

And about setbacks, Walworth County has 2 miles, Deuel County 4 times tower height, Lincoln County half 

mile. Right now there are 13 counties fighting these smooth talking developers. Davison County just voted to 

take time to study wind energy before they make a decision on setbacks. I wish you would have done that. I 

doubt Prevailing Winds will ever be built, but if they do, there is going to be huge opposition because you have 

failed to protect us with setbacks. 

I am sending along a few items I hope you will take the time to read. One is "The Secret, Silent Wind Power 

Peril (3 parts) written by a PHO. I sent along an email from a Holt Co. Nebraska zoning commissioner with a 

lot of remorse. I sent a list of websites where you can learn about the truth of wind energy, the best site is 

www.wiseenergy.org. And I'm sending a few letters to the editor. I hope you have been following the letters 

in the Avon Clarion and Mitchell Daily Republic. You should be closely watching the PUC hearing on PURPA 

and the battle in Lincoln County. There is a large wave of opposition against this fraud, because that's what it 

is. It takes billions of dollars of our taxpayer money and gives it to Warren Buffet and giant multinational 

corporatons. Please remember, I have never lied to you about any of this, but BIG WIND has. 

Sincerely, 

Gregg C. Hubner 
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1. We oppose the new met tower because we don't want any more wind turbines because we don't 

have safe setbacks. It's been a year since the PUC meeting in Avon. Here is a map of the footprint of 

Prevailing Winds that was sent to everybody in the footprint by certified mail a year ago. Also there is a 

list of the sections of land in the footprint. Section 11-96-61, where the met tower is being applied for is 

not on that list. What does that mean? 

2. After the PUC meeting last August, a few days later, Prevailing Winds pulled their application from 

the South Dakota PUC. At this time, when asked if the project might be broken into smaller pieces, 

Roland Jurgens was quoted in the Yankton Press and Dakotan saying "Prevailing Winds, LLC does not 

intend to split the project as you suggest". 

3. But in December of 2016 Prevailing Winds did just that, they sent the PUC notice of 13 new LLC's 

every one signed by Ronnie Hornstra. So somebody lied. 

4. In that article from the Mitchell Daily Republic Roland Jurgens said "A concern over splitting the 

community was one factor behind Prevailing Winds decision to withdraw its application in September 

and Jurgnes said there will be more community meetings when the plans become more developed". 

Well, that was a year ago, and there hasn't been one open public meeting. Somebody lied again. 

5. The reason we oppose this conditional use permit is because we're not going to live with Article 17 

and the 1000 ft. setback from a residence. When Lincoln County gets a half mile setback and Clark 

County gets a¾ mile setback and Walworth County gets a 2 mile setback, and all of these decisions were 

made on protecting the health and safety of the residents, we are not going to accept a 1000 ft. setback 

from a residence. 

6. And r have a couple questions for the zoning committee. 

In the last year what research have you done about the amount of distance a wind turbine should be 

from a residence? 

Are you aware that now there are 17 or more counties opposing the 1000 ft. setbacks? 

Have you made an effort to talk to anybody that suffers health issues from wind turbines? 

If you've answered "no" to any of these questions, then in my mind you are not doing your job, as 

outlined in both Article 1 of the county zoning laws and in Article 17 the article on wind energy. They 

both say the same things: "To promote the public health, safety, morals, or general welfare and to 

minimize the impact of WES facilities, to establish a fair and effective process for review and approval of 

applications, to assure a comprehensive review of environmental impacts of such facilities, and to 

protect the health, safety and welfare of the county's citizens. 

Do you think a 1000 ft. setback does that? Are you going to contact some of these people? Are you 

going to do your job? 
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This all came to light in Erik Johnson's letter in the Avon and Tyndall papers recently. That 

letter is attached along with my response. His letter said they used the PUC "Model Draft 

Ordinance" as a guideline. Again, that ordinance was developed in 2008 when the towers were 

much shorter and was developed with the help of the wind industry (developers and lobbyists). 

So after reading that letter I wrote my response, then sent them both to the South Dakota PUC. 

I had been in Clark County September 13 at the PUC meeting for the Crocker Wind Farm. At 

that meeting I "scolded" the PUC for having 10 year old data on their website and still 

promoting the 2008 Draft Model Ordinance, because wind developers were telling everybody 

this was the state guideline. 

Then they e- mailed me back to tell me that the Draft Model Ordinance was gone, the old 

website links were gone, and that nobody should reference a model wind ordinance from the 

PUC website. And then I replied it's not me, it's Erik Johnson and Prevailing Winds. 

But notice in here mail what she says:"The models were deemed no longer valuable or useful 

given technological advancements and a plethora of zoning ordinances that have since been 

developed and adopted throughout the state and the country to address the latest wind and 

wireless technology." 

Well, what is the "plethora of zoning ordinances"? Of course they are the Lincoln County, SD at 

a half mile after 3 years of controversy, Walworth County, SD, 2 mile setback, Clark County, SD 

¾ mile setback ,Deuel County, SD, 3000 ft. setback. These are the NEW zoning laws she is 

talking about. Since the "draft model ordinance" was 1000 ft., have there been any new zoning 

laws that actually decreased that setback? No. All new zoning laws passed were a half mile or 

more. Cherry County, NE voted in a 2 mile setback from a residence and a 1 mile setback from 

a property line. 

The next series of pages in this packet is about the Shirley Wind Farm in Wisconsin. This wind 

farm was built in 2010 and after 7 years they are still fighting about health effects. In 2014 the 

Brown County, Wisconsin Board of Health designated it as a "human health hazard". That still 

holds true today. So included in this packet is a copy of the Board of Health minutes from 2014 

along with newer testimony (similar to Vicki May) from the fall of 2016. 

The importance of all this is: 

1. The 1000 ft. "Draft Model Ordinance" upon which Article 17 was based 2 years ago was 

deemed NO LONGER VALUABLE by the PUC itself. Prevailing Winds should not be telling us that 
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1000 ft. is a safe setback. It is not. You heard the testimony from Vicki May and you will read 

the documented (notarized) testimony of several residents of the Shirley Wind Farm 

We want a one mile setback from a non-participating residence and a 1000 ft. setback from a 

property line from a non-participating landowner. And the people that are investors or sold 

their wind rights, they can have the 1000 ft. setback if they so choose. It's a win-win situation. 

Prevailing Winds will tell you they can't do it, but as I have proven, their investors like David 

Mogck and Rick Mayer get a mile setback. They can do it. And furthermore, we don't even 

know where they are going to build, and frankly, they don't either. First they were in western 

Bon Homme and eastern Charles Mix Counties, now they put up a met tower a mile from 

Hutchinson County, regardless of where it1s built only a portion of it will be in Bon Homme 

County. And only a portion of landowners are non-participating. So when it all boils down, I 

think the people that want protection of one mile can have it and Prevailing Winds and their 

investors and leaseholders can have what they want also. They just might not make quite as 

much money as they want to. 
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A. In August at the Zoning Board meeting, we heard testimony from Vicki May who lives 

about an hour southwest of me. After that testimony, the board was unable to make a 

motion to approve a permit for a met tower. That testimony must have affected them. 

Since only Russ heard that testimony, I have printed out her similar testimony at the 

capitol in Lincoln, NE in September. There are people all over South Dakota and 

Nebraska with similar problems. I can't bring them all to Tyndall, but the fact remains 

there can be health problems with wind turbines for some people. This morning I want 

to update you on what is happening with setbacks in South Dakota and why: 

1. Some time this summer, the 2008 Draft Model Ordinance" was taken off the 

PUC website. This is the document that Article 17 was based on 2 years ago. This all 

came to light in September when I spoke to the PUC in Clark County and told them their 

information on their website was nearly all 10 years old. (Read thee mail turn to the 

red tab) 

2. What is Patti Van Gerpen talking about when she says there is a plethora of 

new zoning ordinances? She is talking about Walworth County 2 miles, Clark County¾ 

miles, Lincoln County½ mile and Deuel County 3000 ft. Cherry County Nebraska 2 

miles. There were no new ordinances less than 1000 ft like in Article 17, they were all 

much longer, 

3. Explain the next pages Shirley Wind Farm built in 2010. 7 years later they are 

still fighting about health effects. In 2014 the Brown County Wisconsin Board of Health 

designated it as a "human health hazard". That is still true today, explain the notarized 

letters 

4. Explain the brochures from Walworth County, showing there are a lot of Vickie 

Mays out there. 

5. Go over the "good neighbor agreement" Ida County, Iowa, Mid American 

Energy. It basically recognizes that there are going to be problems within a half mile of 

the turbine. So they offer to pay these people off, $ 500 a year of $9000 onetime 

payment. Relate to 3 paragraphs, Now, do you think if these problems did not exist for 

neighbors that they would pay out this kind of money to shut them up? 

6. So if the Draft Model Ordinance is called "no longer valuable" by the PUC, it is 

no longer valuable for Bon Homme County. 

7. So 2 years ago when Article 17 was made law, we wanted a 2 mile setback, and 

we were made to look like we were unreasonable. The more you read about health 

effects and noise, the more you know that 2 miles is a minimum safe setback. 

8. So I'm going to ask you to consider this change in Article 17: 
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a. At least a one mile setback from a residence and at least 1000 ft. from a property line 
for everybody in the county, with waivers/variances available for anybody that wants 
one as long as it doesn't interfere with any neighbor's setback 

b. WE learned at the PUC meeting in Avon that Rick Mayer who was both an investor 
and a participant got a setback of a "few yards short of a mile". He said that himself. 
The day Vicki May was here David Mogck said his son lived in the wind farm and when 

asked how far away he said about a mile. So we know Prevailing Winds can do this if 
they want to for certain people because they have done it before. 

c. Since only part of this project is in Bon Homme County, and the longer setbacks 
will not apply to anybody that wants a waiver (not infringing on his neighbor's setback) 
this one mile/1000 ft. setback may not affect that many people. At the same time it 
protects every person in the county, because if after construction somebody that has 
signed a waiver complains, it was his fault because he wanted the waiver. It's fair to 
everybody. 

d. This is a win-win situation. 

1. It will give us that are concerned about health problems and noise a setback we 
can live with. 

2. It will not affect those landowners participating in the wind project at all 
unless it infringes on the setbacks of the non-participant. 

3. It gives the Bon Homme County Zoning Board some protection against being 
sued by somebody that may have a health problem. 

4. It would again be consistent with the PUC, as they have said the 1000 ft. in the 
"model draft ordinance" is no longer valuable. 

5. It would always be good to error on the side of caution, because once they are 
built, they can't be moved. Only the people would have to move away. 

6. Prevailing Winds can make this work, as they have in the past. 
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Last time we talked about the amendments to Article 17, pass out the new ones: 

The changes are setback from a house goes up from 1000 ft. to a mile 

From a property line goes up from 500 ft. to 1000 ft. (550 ft tall towers could fall 

on a farmer) 
From a public right of way: Goes up from 1.1 times tower height to 1.25 times 

tower height. Vestas {brand of wind turbines) recommends to their employees in 

their product manual not to stay within 1300 ft. from a turbine. 

All of these setbacks will give anybody the chance to get a waiver so long as it 

doesn't affect his neighbor's setback. 

And it changes back that each turbine needs a conditional use permit. 

Now let1s talk about some of the reasons we think this would be a win win 

situation for both the residents and the county: 

1. Most of the turbines in the project will not be in Bon Homme County. 

(Read Erik Johnson letter from Avon Clarion) 

Now1 if most of them won't be in Bon Homme County, what do you think the 

reason for that is? 

I can only come up with 2 answers. A. Bon Homme County doesn't want more 

wind turbines or B. Bon Homme county landowners don't like the short 1000 ft. 

setbacks. 

So if Bon Homme County is only going to have a few turbines, then like I said last 

time, and Erik Johnson confirms, this is only going to affect a few people, 

considering folks in the "continuous block" like Erik said in the Clarion, can have a 

waiver. 

Now I want to go to the two interviews that Erik Johnson1 who is now the project 

manager for Prevailing Winds: Mitchell Daily Republic and Yankton Press and 

Dakotan 

Mitchell paper: Prevailing Winds could start construction within one year. The 

Daily Republic says they could start next summer. Mitchell paper says 61 

turbines. The Yankton P&D says 100 turbines. Since last year they have moved 
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the map of the footprint, and they say they still need 10,000 acres of land and 

they have been here for 3 years. 

But let's get to what I think is most important in what Erik Johnson said, who is 

now the project manager, according to the paper. 

And I quote: "Johnson said the entire project will (read from bottom of Daily 

Republic article) 

Please follow along as this is important: It's on page 4. 
READ A 

Now why does he mention that? It's simple. Somebody has to be on the hook. 

These people like Vicki May are coming out almost as fast as the sexual predators 

in Washington DC and Hollywood. Remember Pat Van Gerpen, Executive Director 

of the PUC? She took the draft model ordinance down and says don't use it. But 

Bon Homme County did; now Erik Johnson is saying it's not Prevailing Winds 

that's going to be on the hook because we utilized the Bon Homme County 

ordinance in every county in the project. But it gets worse: 

READB 

Erik, the project manager says Bon Homme County has one of the best wind 

ordinances I've ever see. Now he did not say the safest, he said the best. And my 

question is best for who? Best for Erik Johnson and the investors? Best for the 

big money people and multi national corporations that get the tax credits? 

Probably so. But it's not the best or is safe for the residents. The best 

ordinances in the state are Walworth County with 2 miles. And the second best is 

Clark County with¾ mile and the 3rd best is Lincoln County with a half mile. And 

the worst wind ordinance is Bon Homme County with 1000 ft. from a house. And 

remember, the intent or Article 17 is to promote the health, safety, and welfare 

of the residents, not to promote profits for the developer. 
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READC 

He just got done saying that Bon Homme County has the BEST wind ordinance 

he's ever seen and that setback is 1000 ft. He just admitted that Bon Homme 

County has passed an ordinance that will not limit the decibels, if 1400 ft. is the 

minimum for decibels, and 1000 ft. is the law, then here again, who is going to get 

the blame, the complaints or the lawsuit? Bon Homme County, that's who. He 

just told you 1000 ft. is too short to protect from high decibel readings and turns 

right around and promotes it. 

And the last part Erik says "We want to be a good neighbor" No comment on that 

Now in a little while Roland or Erik will come up here and tell you how they are 

going to control the decibels like they say in the interview "we assume everyone's 

house is made of glass and every day is sunny. They will try to take your mind off 

of distance and put it on decibels. But decibels are not the problem. What makes 

people like Vicki May sick and all those people in Wisconsin I mentioned last time 

is INFRASOUND. That's the constantly fluctuating air pressure from a 400 ft. 
blade moving at 200 miles per hour. And the only way to protect from 

infrasound is DISTANCE. 

We still have time to fix this now before the problems start. Once they are built, 

there will be people at the zoning and commissioners meetings as long as they are 

living near the turbines. And don't figure on going back to these guys, if they are 

even around, because your ina_dequate zoning created the problem. And as many 

times as I have been here, and provided reading articles, and listening to a person 

that suffers from wind turbine syndrome only an hour away, I would say you have 

been adequately warned. 

Then the question is "Why would the zoning board and commissioners not do 

this?" 
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Hubner Auction & Realty Inc. 

Gregg C. Hubner, Real Estate Broker & Certified General Appraiser 

29976 406th Avenue, Avon, SD 57315 

December 19, 2017 

Duane, 

Office: 605-286-3205 

I understand the Bon Homme County Commissioners rejected our proposal for amending the setback 
from a wind turbine in Article 17 today. I was told that John Hauck voted against keeping the 1000 ft. 
ordinance. I think the light bulb finally came on in John's head. 

Yesterday at the zoning meeting, Mary Jo Bauder was ready to vote for the amendment. The light bulb 
came on in her head also. She told us, the rest of the zoning board and the 3 Prevailing Winds 
representatives, Eric Johnson, Roland Jurgens and Ronnie Hornstra that she had received several 
complaints from neighbors along Highway 46 about the Prevailing Winds "land acquisition person" lying 
to landowners telling them their neighbors were signed up, but they weren't. She used the word LIE. 
This did not set well with Mary Jo. But of course Roland stayed after the meeting like he usually does to 
get things smoothed out again. But I think both John Hauck and Mary Jo Bauder are seeing some deceit 
in the way these folks do business. 

A month or so Erik Johnson said in the Avon paper:" If we had to commit to a site plan today, the 
majority of the turbines would once again be in the Wagner and Tripp school districts and Charles Mix 
and Hutchinson Counties." 

So I asked the zoning board why they thought the turbines would not be in Bon Homme County. 
Nobody came up with an answer. I said there can only be 2 reasons, 1. Bon Homme County doesn't 
want them and 2. Bon Homme County doesn't want the 1000 ft. setback. What other reason could 
there be? 

I am reaching out to you because I think you may have some doubts about what Prevailing Winds has 
been telling you for 3 years now. In August of 2016 at the Avon PUC meeting they had a map of where 
the project would be. Today that map is altogether different. I can catch them in a lie nearly every time 
I listen to them. Now they are saying in the Mitchell and Yankton papers that they are going to use the 
Bon Homme County Zoning ordinances for all 3 counties. To me, that means if somebody is affected by 
the infrasound like the lady from Nebraska that testified at the zoning meeting in August, Prevailing 
Winds is off the hook and Bon Homme County is on the hook. 

I could go on, but I am really concerned how they have worked their way into our county. They make 
the rules and call the shots. Everything is for them and nothing is for the residents. I am sending you a 
copy of my book. If you read it, you will have a whole different perspective on what is happening to our 
county and why. 

Thanks for the work you do and research you do. Although we can't agree on this, I think in time you 
are going to find the truth. 

Auctions-Appraisals-Real Estate hubnerrealestate.com 
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Hubner Auction & Realty Inc. 

Gregg C. Hubner, Real Estate Broker & Certified General Appraiser 

29976 406th Avenue, Avon, SD 57315 

December 19, 2017 

John, 

Office: 605-286-3205 

I understand the Bon Homme County Commissioners rejected our proposal for amending the setback 

from a wind turbine in Article 17 today. I was told that you voted against keeping the 1000 ft. 

ordinance. I thank you for that; finally somebody is standing up to these people after 3 years. 

Yesterday at the zoning meeting, Mary Jo Bauder was ready to vote for the amendment. The light bulb 

came on in her head also. She told us, the rest of the zoning board and the 3 Prevailing Winds 

representatives, Eric Johnson, Roland Jurgens and Ronnie Hornstra that she had received several 

complaints from neighbors along Highway 46 about the Prevailing Winds "land acquisition person" lying 

to landowners telling them their neighbors were signed up, but they weren't. She used the word LIE. 

This did not set well with Mary Jo. But of course Roland stayed after the meeting like he usually does to 

get things smoothed out again. 

A month or so Erik Johnson said in the Avon paper:" lfwe had to commit to a site plan today, the 

majority of the turbines would once again be in the Wagner and Tripp school districts and Charles Mix 

and Hutchinson Counties." 

So i asked the zoning board why they thought the turbines would not be in Bon Homme County. 

Nobody came up with an answer. I said there can only be 2 reasons, 1. Bon Homme County doesn't 

want them and 2. Bon Homme County doesn't want the 1000 ft. setback. What other reason could 

there be? 

In August of 2016 at the Avon PUC meeting they had a map of where the project would be. Today that 

map is altogether different. I can catch them in a lie nearly every time I listen to them. Now they are 

saying in the Mitchell and Yankton papers that they are going to use the Bon Homme County Zoning 

ordinances for all 3 counties. To me, that means if somebody is affected by the infrasound like the lady 

from Nebraska that testified at the zoning meeting in August, Prevailing Winds is off the hook and Bon 

Homme County is on the hook. 

l could go on, but I am really concerned how they have worked their way into our county. They make 

the rules and call the shots. Everything is for them and nothing is for the residents. I am sending you a 

copy of my book. If you read it, you will have a whole different perspective on what is happening to our 

county and why. 

Thanks for the work you do and research you do. 

Gregg Hubner 

Auctions-Appraisals-Real Estate hubnerrealestate.com 
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According to the Avon Clarion, at the Zoning Board Hearing August 31 there 

were over SO people there, mostly against passing the ordinance. Over a dozen 

citizens spoke against it, and 1, Ario Dewald spoke for it. The zoning board 

ignored the SO and voted with the 1, they listened to 2% and ignored the 98%. 

The reality is this: Our group has provided you with volumes of information and 

studies, people to call, and for all practical purposes you have ignored us. Roland 

Jurgens is good at what he does; he talks people into things that benefit his 

company. That's it pure and simple. It's a proven fact without the Production Tax 

Credit, constructions of wind farms falls 92%. So we know why they build them. 

It's nothing more than a way to scam billions of dollars from taxpayers. If you're 

going to fall for the scam, the least you could do is protect your citizens by proper 

zoning. 

So then the question is: 

What is your reasoning and where is your proof that a 1000 ft. setback from a 

resident or 550 ft. if he has sold an easement, where is your proof that this 

"protects the health, safety and welfare of the county's citizens" as written on 

page 2 Section 1701 of the document itself? 

Marsha Hubner to Zoning Board 
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A. Ontario, Canada, 3 studies in 3 different areas from 2005-2012, showed 

-48%, -39% and -36% decreases in value. These are actual studies. Ontario is a 

poster child for wind turbines and what it does to an area, last election just a 

couple weeks ago, anti wind candidate won, and their auditors reported that wind 

energy cost rate payers 90 billion dollars extra. 

B. Mccann Appraisal LLC from Illinois, met him, he has done several studies around 

the United States, his work consistently shows 25%-40% reduction in residential 

properties. 

C. Neither one of these studies talk about foreclosures or people that have tried to 

sell their homes and can't sell them. Mentioned George be 

D. C&D are some health studies worth reading. 

E. Document Eis from a Doctor in Brown County, Wisconsin who testified about 

infrasound causing health effects in the Shirley Wind Farm. 

Safe setbacks is the most important thing when siting a wind farm. All I have 

seen, which I have read in the Wind Turbine Syndrome book, the people I know 

personally that have issues with their health, and statements made in all of these 

documents I just handed out point to 2 miles is the only safe setback. 

So as commissioners you can do several things, you can do the safe thing which is 

2 miles with waivers, or you can do nothing, which forces a possible 1000 ft. 

setback on the residents, or you can do something in between. 

A setback should not only be from a house, but also from a property line. People 

farm along fences, they hunt and drive along fences. 

Ice throw Turbine safety manual 
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SETBACKS FROM LARGE WIND ENERGY SYSTEMS 

A Large Wind Energy System as defined herein shall be a conditional use in all zoning districts subject 

to the standards identified within the following sections. 

SETBACK 1: FROM RESIDENCES 

There should be 2 setback distances, the first from the residence, as defined. This setback should 

be ( for example) 18 times system height. System height is defined already as the blade in the 

highest position. In the case of Prevailing Winds, Peter said the other day they were using the 

GE 3.8 turbines, they are 586 ft tall compared to 405 ft. at Beethoven. 18 times 586 ft. is a 2-

mile setback. And he also said that towers could get taller in the future, up to 750 or 800 ft. he 

said. When they come in with Phases III, which they will, those towers might be 800 ft. tall so 

they should have longer setbacks, therefore any setback should be based on system height. 

A residence needs to be defined as a house that has been lived in within the last 2 years. If you 

use the words "currently occupied" then rural rental houses that are vacant are not included and 

they should be. 

Another consideration is in Article 17 (Bon Homme County) they use the word "offsite". That 

means to me non-participants. I personally think the setbacks should be for EVRYBODY and 

then anybody could waive their setback by granting an easement or making a deal with the wind 

company AS LONG AS EVERYBODY THAT WANTS THE SETBACK GETS IT AND 

KEEPS IT. 

This would protect some participants from maybe doing something that they might regret later, 

as saying ok, build it 1500 ft. from my house I don't care. If you use this waiver system, then the 

COUNTY IS OFF THE HOOK for any later health or any other kind of complaints. 

SETBACK 2: FROM RIGHT OF WAY OR EXTERNAL PROPERTY LINE: 

SETBACK FROM PROPERTY LINE OR RIGHT OF WAY LINE. This should be from an 

external property line or right of way line, not the center of the road. This distance should be 2.5 

times system height. The reasoning for this is that the "danger zone" in most manuals is 400 

meters (1300 ft) or 500 meters (1640 ft). That danger zone should not encroach on neighboring 

land. People farm along fence lines and they hunt along fence lines. They should not be closer 

to any neighbor's turbine that what the turbine manufacturer says. If an accident happened 

within this danger zone, it would be the county that would be liable because they allowed people 

to enter this danger zone. I have attached a copy of wind turbine owners manual, although this 

manual is for a much smaller turbine size. 
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BELOW ARE THE BON HOMME COUNTY STATUTES, AS THEY ARE NOW, AND 

CHANGES ARE IN BOLD AND UNDERLINED 

Section 1719 Requirements for Siting Large Wind Energy Systems 

A Large Wind Energy System as defined herein shall be a permitted use in all zoning districts subject to 

the standards identified within the following sections. It should be changed to: 

A Large Wind Energy System as defined herein shall be a CONDITIONAL USE in all zoning 

districts subject to the standards identified within the following section 

Section 1737 Height from Ground Surface 

The minimum height of blade tips at their lowest possible point shall be twenty-five (25) feet above the 

ground. It should be changed to 

The minimum height of blade tips at their lowest possible point shall be one hundred (100) feet 

above the ground. 

Section 1723 Setbacks (Presently in Bon Homme County) 

a) Distance from currently occupied off-site residences, business and public buildings shall be not 

less than one thousand (1000) feet. Distance from the residence of the landowner on whose 

property the tower(s) are erected shall be not less than five hundred (500) feet or one point one 

(1.1) times the system height, whichever is greater. For the purposes of this section only, the 

term "business" does not include agricultural uses. 

b) Distance from right-of-way (ROW) of public roads shall be not less than five hundred (500) feet 

or one point one (1.1) times the system height, whichever is greater. 

c) Distance from any property line shall be not less than five hundred (500) feet or one point one 

( 1.1) times the system height, whichever is greater, unless appropriate easement has been 

obtained from adjoining property owner for a lesser setback. 

Section 1723 Setbacks (For Charles Mix County) Should be changed to: 

a) 

b) 

Distance from residences lived in within the last two years, business and public buildings 

shall be not less than 18 times the system height unless appropriate easement has been 
obtained from owner(s) of the residence, business or public building for a lesser setback. 

For the purposes of this section only, the term "business" does not include agricultural 

~ 

Distance from right-of-way (ROW) of public roads or external property lines shall be not 

less than two point five (2.5) times system height unless appropriate easement has been 
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obtained from adjoining property owner. Right of way is defined as the external property 
line and not the middle of the public road. 

Section 1727 Lighting 

Towers shall be marked as required by the Federal Aviation Administration (FAA). There shall 

be no lights on the towers other than what is required by the FAA. This restriction shall not 

apply to infrared heating devices used to protect the monitoring equipment. 

The following sentence should be added: 

Aircraft Detection Lighting System shall be used on all towers ( only come one when an airplane 
is near) 
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Hubner Auction & Realty Inc. 

Gregg C. Hubner, Real Estate Broker & Certified General Appraiser 

29976 406th Avenue, Avon, SD 57315 

August 18, 2017 

Dear Commissioner 

Office: 605-286-3205 

It's time to check in again and update my elected officials on what is going on with the 

opposition to wind energy in South Dakota. Right now there are 17 counties organized or being 

organized against wind energy, and most of their issues deal with setbacks. They include Bon 

Homme, Charles Mix, Lincoln, Meade, Clay, Yankton, Walworth, Campbell, Deuel, Hughes, 

Hyde, Coddington, Davison, Sanborn, Brown, Union and Clark. 

I am including 3 articles, one a REA manager's recent newsletter about why they have to raise 

rates in their coop. This is a very interesting letter and explains why wind energy raises rates. 

We had a great time at our booth at Dakota Fest along with We-caresd from Lincoln County. 

Opposition is growing, and we've had recent success with setbacks, Lincoln½ mile, Clark County 

¾ mile and Walworth County 2 miles. 

I hope you have had a chance to order and read my book "Paradise Destroyed: The Destruction 

of Rural Living by the Wind Farm Scam". 

At Dakota Fest we heard some sad stories, Vicki May from Antelope County Nebraska who 

suffers from wind turbine syndrome so much some nights she thinks she needs to go to town 

and rent a motel room. She is 11/3 miles from the nearest turbine. Then the young couple 

from Pollock who can't sleep and are trying to get the developer to buy new windows for their 

house. But the story that is most consistent from the scores of people we talked to the last 3 

days was the deceit and lies of the developers. These people will tell you anything that will 

benefit them, just like they did in our county. 

If you read my book you will understand the whole thing. 

Thanks, 

Gregg Hubner 

Auctions-Appraisals-Real Estate h u bnerrealestate.com 
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Wind Farm Videos 

PAUL LISA SCHOENFELDER 

Tue 5/22/2018, 12:01 PM 

To: vonsturf@hotmail.com <vonsturf@hotmail.com>; law@podhradsky.com <law@podhradsky.com > 

Thank you for your time today. Below are the links to the videos to make it easier to access. 

Lisa 

*Life With Industrial Wind Turbines In Wisconsin Part 1Video: 

https://www.youtube.com/watch?v= 7lEw0yyaURs 

Life With Industrial Wind Turbines In 
Wisconsin Part 1 
www.youtube.com 

Life long resident of the town of Byron, WI, speaks 

about the changes wind development has brought 

to his community. The 86 turbines of the wind farm 

near his home ... 

*Life with Industrial Wind Turbines in Wisconsin Part 2 Video: 

https://www.youtube.com/watch?v=17b4fGoK4Xo 

Life with Industrial Wind Turbines in 
Wisconsin Part 2 
www.youtube.com 

Resident of Fond du Lac County, Wisconsin talks 

about what its like to live inside of a 88 turbine 

industrial wind farm that went on line in March of 

2008. 

Life With Industrial Wind Turbines In Wisconsin Part 3 Video: Pro-Project 
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https ://www.youtube.com/watch?v=gwRMaCPmQBc&t= l 7s 

Life With Industria l Wind Turbines In 
Wisconsin Part 3 ... 
www.youtube.com 

Resident of Fond du Lac County, Wisconsin talks 

about living in an industrial wind farm talks about 

life lived amid 88 turbines and what has happened 

to his .. . 

Life With Industrial Wind Turbines In Wisconsin Part 4 Video: 
https: //www.youtube.com/watch?v=RGB266zLla8&t=454s 

Life with Industrial Wind Turbines in Wisconsin Part 6 Video: 

https://www.youtube.com/watch?v=bo9I-vzvNPU 

Life with Industrial Wind turbines in Wisconsin part 7 Video: 

https://www.youtube.com/watch?v=g cai61 Vf-s 

*Wind Turbine Shadow Flicker and Noise, Byron Wisconsin Video: 

https ://www.youtube.com/watch?v=iyOlmGHyJtQ 

Milwaukee Channel Six News Report on Wind Turbine Trouble 
https://www.youtube.com/watch?v=XiSpToi982A 

*Wind Turbine noise at 1600 feet Video 
https ://www.youtube.com/watch?v=KoVKPOG f8M 

*Voices of Vinalhaven, Maine: wind turbine noise Part 1 
https://www.youtube.com/watch?v=jtGijb oNeO 

*Voices of Vinalhaven, Maine: wind turbine noise Part 2 
https ://www.youtube .com/watch?v=Bw4S98SYHiE 

*Wind Turbine Syndrome Part 1 
https ://www.youtube.com/watch?v=kyAsHFgPL VY 

*Wind Turbine Sound: An Independent Investigation 
https ://www.youtube.com/watch?v=co8y4hduXjQ 
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Rob Rand, sound acoustician, interviewed on Wind Turbine Syndrome 
h ttps ://www. youtube.corn/watch ?v=qm6gvekg0nk 
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Property Values Impacted by Wind Farms 

PAUL LISA SCHOENFELDER 

Mon 6/18/2018, 4:52 PM 

To: law@podhradsky.com <law@podhradsky.com>; vonsturf@hotmail.com <vonsturf@hotmail.com >; 

gregghubner@gmail.com <gregghubner@gmail.com >; PAUL LISA SCHOENFELDER <PAULLISA5@msn.com > 

W 3 attachments (6 MB) 

LS-McCa n n_Appra i sa I_LLC_ written_testi mony _re_Setbacks_p rope rty _ va I ues_J u ne_8_201 0. pdf; LS

LC_ZBA_ Transcripts_ 11281 2 -Lee County Property.pdf; LS-

Wind_Power _Property_ Value_Presentation_by_Kurt_ C._Kielisch_Feb_ 11 _. pdf; 

Neal and Gregg, 

I will provide for you several reports oh the impact of Wind Farms on property values. The 

conclusion is there is an impact for residential property and some concerns about farm land and the 

future use of the full acreage. 

sPowers has provided two property value reports in their Docket that have been questioned by 

experts for years. Included are a few references to the flaw in the report. 

Issues with Berkley Studies: 

No actual assessments were done. 

Properties that did not sale due to lack of a buyer were not included. 

Sales data represented only property outside of the wind farm area from 1/2 to 10 feet. The first 

study averaged the value variance for all sales. 

No properties within the Wind Farm were included in the analysis. 

Studies and Testimonies about impact of property values follow: 

Mccann Appraisal {2010) I will try to send separately. Very powerful. Too large so may need to get 

from site. http://www.windaction.org/posts/26696-testimony-of-michae1-mccann-on-property

va1ue-impacts-in-adams-county-il%23.UughkCjOCpc#.Wyg2EfZFyuU 

Testimony of Michael Mccann on 
property value impacts in 
www.windaction.org 

Certified appraiser Michael S. Mccann submitted 

this testimony to the Adams County Board, Adams 

County Illinois in reference the impact of industrial 

scale wind energy development on residential 

property. Mr. McCann's testimony provides a 
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Mccann Appraisal for Town of Cape Vincent, New (2011) 20-30% value decrease varies on 

distances from 1,000 feet to 3 miles. 

County of Lee, IL vs Green River Wind Farm Phase (2012) Significant property value decrease. In 

analysis did not include foreclosures and short sales to not through off the values but stated that 

several of these were because no one would by the property. Also talks about how these sales too 

almost 3 times longer to sell do to lack of interest in purchasing property in wind farm area. 

Property Value Presentation: Kurt C. Kielisch, ASA, IFAS, SR/WA, R/W-AC President/Sr. Appraiser 

-Appraisal Group One Easy to follow presentation. 

I have more but will send separately. Please confirm you received these since they are large and 

some mail systems have limits. 

Lisa 
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Prevailing Winds 

PAUL LISA SCHOENFELDER 
Wed 6/20/2018, 9:55 AM 
To: vonsturf@hotmail.com <vonsturf@hotmail.com >; law@podhradsky.com <law@pod hradsky.com >; 

PAUL LISA SCHOENFELDER <PAULLISAS@msn.com > 

~ 1 attachments (6 MB) 

appendixa.pdf; 

Neil, 

Please share these documents with the County Commissioners. This is appendix A from the PUC 

Docket for Prevailing Winds. https://puc.sd .gov/Dockets/Electric/2018/EL18-026.aspx 

I am not sure if this will go through so if not, click on the link and go to appendix A for the map of the 

turbine locations, property easements that have been signed and other items. Easements also 

impact property values based on some of the stipulations in those contracts. There is also other 

reports that are interesting such as shadow flicker and sound impact to residents per their {sPower) 

standards. The issue is that they do not protect our property and our residents who will live among 

them. Some less than 1/2 mile. Kelly is hit hardest. Three less than a mile from her house. 

You said the FAA submitted a letter of concern but if I read what was submitted by sPowers in the 

docket, it sounds like they OK'd it. We also need to be aware of setbacks for roads. Travel through 

Iowa and it is eerie how the wind farm along the road is about 1,000 from the road and they are 

thick and about 600 ft tall. 

Lisa 
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Follow up on Charles Mix on Set Backs or Property Owner Protection 

PAUL LISA SCHOENFELDER 
Thu 7/5/2018, 11 :37 AM 

To: vonsturf@hotmail.com <vonsturf@hotmail.com >; law@podhradsky.com <law@podhradsky.com > 

~ 3 attachments (301 KB) 

nelsonamendments.pdf; permitconditions.pdf; Dakota Range last comments GHubner.docx; 

Neil, 

I am following up to see if any further Charles Mix County actions have been taken on this topic and if 

anything else is desired. I have continued my research on all impacts in the area as well as the PUC Docket 

# EL 18-026 for Prevailing Winds. https://puc.sd.gov/Dockets/Electric/2018/EL18-026.aspx 

EL 18-026 - puc.sd.gov 
puc.sd.gov 

EL 18-026 - In the Matter of the Application by Prevailing Wind Park, LLC for a Permit of a Wind 

Energy Facility in Bon Homme County, Charles Mix County and Hutchinson County, South 

Dakota, for the Prevailing Wind Park Project 

In addition, I have reviewed the two recent PUC wind projects and understand the commissioners 

had several concerns. They put forth several concessions on the project for Crocker and have not 

approved Dakota Range yet. They are starting to really question these projects and the impact to 

the environment, property values and the inhabitants. You may want to look at what Clark County 

has put in place for setback at least for lakes and wetland. 

You can listen to the PUC Commissioner's Concerns at their meeting before they approved the 

project with conditions: http://www.puc.sd.gov/commission/media/2018/puc06082018.mp3 

I have also read all of the documents for Prevailing Winds submitted to the PUC. They have several 

inaccuracies but will take that up with WAPA and the PUC. Gregg Hubner also wanted to provide 

this recent letter he sent to the PUC on the Dakota Range project in which he participated in. 

Thank you for any update you can provide. I also hope to see you at the July 12th meeting in Avon 

at 5:30pm. 

Lisa 
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Fwd: news from Campbell Co 

PAUL LISA SCHOENFELDER 

Sat 7/7/2018, 3:28 PM 

To: law@podhradsky.com <law@podhradsky.com>; vonsturf@hotmail.com <vonsturf@hotmail.com> 

FYI 

Get Outlook for Android 

From: Gregg Hubner <gregghubner@gmail.com> 

Sent: Saturday, July 7, 2018 12:11:03 PM 

To: Lisa Schoenfelder 

Subject: news from Campbell Co 

I talked to a person from Campbell Co SD this morning. They are going to do an emergency 

zoning law and have a public hearing on it July 26. He said the emergency zoning law was 

just implemented into the law from this last legislative session. They want at least a mile 

setback. 

Neil should be told about this and encouraged. It is a good tool for us. 

· Gregg C. Hubner 
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County Commissioner Meeting Last Week 

PAUL LISA SCHOENFELDER 

Mon 7/16/2018, 6:11 AM 

To: vonsturf@hotmail.com <vonsturf@hotmail.com>; law@podhradsky.com <law@podhradsky.com> 

Neil and Mr. Podhradsky, 

Thank you so much for your efforts last week at the commissioner meeting. I appreciate your 

persistence with moving forward with putting a halt on permitting until proper setbacks can be put 

in place. I know there was and will be a lot of pressure put on you from sPowers to cut a deal with 

them outside of your wishes and the halt. 

I realize this effort will be taxing on your staff and appreciate the hard work ahead. I wanted to let 

you know that I have considered and am offering to your staff my time and skills with preparing any 

paperwork, research and documentation that would be needed at no charge to the county or the tax 

payers. 

I have 24 years working with the City of Boise and am familiar with many government processes and 

understand the requirements of due diligence. I also have a degree in Economics and Finance and a 

masters in Management of Information Systems (Technology). I have several years experience as a 

technical writer and an excellent researcher. 

Please let me know if you feel that I can be helpful. 

Lisa A. Schoenfelder 
40228 296th St 
Wagner, SD 57380 
208-794-5676 
paul1isa5@msn.com 
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Walworth Co Zoning Ordinance 

PAUL LISA SCHOENFELDER 

Tue 7/17/2018, 11:17 AM 

To: vonsturf@hotmail.com <vonsturf@hotmail.com>; law@podhradsky.com <law@podhradsky.com> 

~ 1 attachments (652 KB) 

Walworth-Co-Zoning-Ordinance-051017-Adopted.pdf; 

Good Afternoon, 

Attached is a county in South Dakota with one of the larger setbacks for wind turbines. 

Let me know if you have any questions. 

Lisa 
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Re: Recording from PUC Dakota Range Commissioners on County Setbacks 

Scott Podhradsky <scottjpodhradsky@icloud.com > 

Wed 7/18/2018, 2:03 PM 

To: PAUL LISA SCHOENFELDER <PAULLISA5@msn.com> 

Cc: law@podhradsky.com <law@podhradsky.com>; vonsturf@hotmail.com <vonsturf@hotmail.com >; 

gregghubner@gmail.com <gregghubner@gmail.com > 

Lisa, 

It did come through and it is playable. 

Thank you. 

Scott Podhradsky 

On Jul 18, 2018, at 10:50 AM, PAUL LISA SCHOENFELDER 

<PAULLISAS@msn.com > wrote: 

This is a large file and may not go through. Please confirm that it has and is playable. 

Lisa 

<PUC Dakota Range Setbacks.mp4> 
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Information for Setbacks 

PAUL LISA SCHOENFELDER 
Tue 7/24/2018, 9:22 AM 

To: vonsturf@hotmail.com <vonsturf@hotmail.com> 

Iii 3 attachments (2 MB) 

Article 17 Bon Homme County.pdf; Charles Mix Setback Suggestions.docx; Vestas Safety Manual Complete.pdf; 

Good morning Neil, 

I was asked to pass this along to you for consideration. I totally respect that you have a very difficult 

task ahead of you. I also know that no one will really be happy but as long as it is consideration for 

all involved, that is best. 

I understand that 2 miles will not be a reality, I do think that the information that was provided to 

me and I am sharing is good in general. Although I have different thoughts, I do think that the safety 

manual for the turbine which warns a safety setback of 1300 feet should be a minimal consideration 

for roads. Many of us drive these roads every day and we want to ensure our safety on those roads. 

I also think the suggestion for at least 2 years is not accurate. It should be flexible in terms of those 

who just moved in less than a year ago and those that have vacant residents until the new renters 

move it. 

I also think that the decibels should be lower than 45. More in the 30-35 range at the property line 

since the assumption the developers make is that we only stay in our house. We know that is not 

accurate. As with many of the residents, they work in other outbuildings and outdoors. I also think 

the night verses day are different considerations. 

Julie Freier will be at the meeting on Thursday and will be able to provide perspective on this 

information that I am passing along. I will not be there in the morning but not sure if I add any value 

anyway. 

Also, under a different message, I will be sending along a collection of setback ordinances from other 

counties who are doing the same thing. Most of these had setbacks and after having smaller turbine 

wind farms, they realized their setbacks were not adequate since the turbines keep on getting larger 

and larger. 

I know that you have many other components to the ordinance than this topic so I will leave you to 

it but please let me know if you need any research or data to support your numbers. 

Have a good week. 

Lisa 
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Information for Setbacks 

PAUL LISA SCHOENFELDER 

Tue 7/24/2018, 9:22 AM 

To: vonsturf@hotmail.com <vonsturf@hotmail.com> 

00 3 attachments (2 MB) 

Article 17 Bon Homme County.pdf; Charles Mix Setback Suggestions.docx; Vestas Safety Manual Complete.pdf; 

Good morning Neil, 

I was asked to pass this along to you for consideration. I totally respect that you have a very difficult 

task ahead of you. I also know that no one will really be happy but as long as it is consideration for 

all involved, that is best. 

I understand that 2 miles will not be a reality, I do think that the information that was provided to 

me and I am sharing is good in general. Although I have different thoughts, I do think that the safety 

manual for the turbine which warns a safety setback of 1300 feet should be a minimal consideration 

for roads. Many of us drive these roads every day and we want to ensure our safety on those roads. 

I also think the suggestion for at least 2 years is not accurate. It should be flexible in terms of those 

who just moved in less than a year ago and those that have vacant residents until the new renters 

move it. 

I also think that the decibels should be lower than 45. More in the 30-35 range at the property line 

since the assumption the developers make is that we only stay in our house. We know that is not 

accurate. As with many of the residents, they work in other outbuildings and outdoors. I also think 

the night verses day are different considerations. 

Julie Freier will be at the meeting on Thursday and will be able to provide perspective on this 

information that I am passing along. I will not be there in the morning but not sure if I add any value 

anyway. 

Also, under a different message, I will be sending along a collection of setback ordinances from other 

counties who are doing the same thing. Most of these had setbacks and after having smaller turbine 

wind farms, they realized their setbacks were not adequate since the turbines keep on getting larger 

and larger. 

I know that you have many other components to the ordinance than this topic so I will leave you to 

it but please let me know if you need any research or data to support your numbers. 

Have a good week. 

Lisa 
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Open House at Beethoven Wind Farms 

PAUL LISA SCHOENFELDER 
Tue 7/31/2018, 7:09 AM 

To: vonsturf@hotmail.com <vonsturf@hotmail.com>; Scott Podhradsky <scottjpodhradsky@icloud.com> 

00 1 attachments (2 MB) 

BayWa re EventJpg; 

Good Morning, 

Hope all is well with you. I wanted to share some information. A lady at Parkston was concerned 

when she saw this flyer at the bank. She lives over near Parkston by the current Beethoven wind 

farm and will be impacted by Prevailing Winds. She said word on the street is that they have been 

working on Phase Ill for our area. She has not seen the proposed area for this one, if it will be west 

of the proposed Prevailing Winds or if it will be east of her house. 

When she is talking about "they", she is referring to Thorstad Companies. They are the one who are 

actually running the entire project but behind the scenes. You have meet both the President and 

their Project Manager. They are the two that attend all of the meetings and are the ones that sign 

up investors as well as the easements from landowners. They do the siting of the turbine locations. 

They are the ones that create all of the Wind LLCs. Thorstad then partners with the larger wind 

companies that are the front line groups. On this event that is attached, you will see that BayWa r.e. 

is back in our area again for the third phase. So the Beethoven Wind Farm was started with 

Thorstad's LLC then they sold it to BayWa r.e. BayWa r.e. did not hang on to it long and sold it to 

Northwestern. So when Peter from sPowers said that they were not planning another phase, he was 

correct. They are not involved with phase Ill at this time, Thorstad and BayWa r.e are. 

So this is very interesting that BayWa r.e. is hosting six of these event across the country. It is where 

they are doing their next round of Wind Farm development in the US. They are a German based 

company with offices across the world. Thorstad is an interesting company, they benefit from all 

parts of the project. 

My point in sharing is be aware, whatever you do with sPowers is really just the start and may be 

setting a precedence for our County going forward. The company you need to be cautious of is 

Thorstad Companies. They are the real player. 

Links to the companies are below. Attached is the flyer in Parkston. Everyone is welcome to 

attend. It is hosted by Rick Mayer, an investor. David Mock is also supporting this event. He is on 

the board of Prevailing Winds. They need more investors and more land easements to move 

forward. 

Have a good week. 

Lisa 
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Thorstad Companies: http://www.thorstadcompanies.com/ 

Thorstad Companies 
www.thorstadcompanies.com 

Thorstad Companies is a general contractor providing services across the United States 

including wind energy, general contracting, underground, rural water, and materials. 

BayWa r.e.: https://www.baywa-re.com/en/wind-projects/ 

r.e.think wind energy - BayWa r.e . 
www.baywa-re.com 

We have over 30 years of experience in the 

realisation of windfarms from across the world . Find 

out more! 

Wind Week Events: https://us.baywa-re.com/en/about-us/news/details/baywa-re-wi ll-open-six

wind-project-s ites-to-the-publ ic-du ring-american-wind-week/ 

/ 
Details - BayWa r.e. 
us.baywa-re.com 

BayWa r.e. Wind LLC proudly announces its 

participation in American Wind Week this coming 

August 7th. 

 
015837



Exhibit A22-1

Page 66 of 66

Request for Wind Data 

PAUL LISA SCHOENFELDER 
Mon 8/6/2018, 6:22 AM 
To: vonsturf@hotmail.com <vonsturf@hotmail.com>; law@podhradsky.com <law@podhradsky.com>; 

Scott Podhradsky <scottjpodhradsky@icloud.com> 

Iii 3 attachments (5 MB) 

SDPUC 2009 AppendA Wind SD.pdf; OpenEI Wind Farm Map.csv; EIA Wind Farm Map.JPG; 

Good Morning, 

Per the request you will find the attached. 

PUC Wind Project 2009 - Wind Analysis for SD 

EAi Map on focused Wind Projects in US 
Excel File on Wind Projects per EAi (Dated and incomplete) 

A significant amount of new research is available for impacts with industrial parks. We are collecting 

them and experts for the PUC hearing. Please consider that what actions you take will impact all of 

us and during the PUC hearing, there will be full disclosure on county proceedings. The PUC 

attorney is already reviewing the actions of Bon Homme and the process to negotiate setbacks 

based on the Wind Companies perspective and District 3 advisement. I just want to protect all 

involved, including my county commissioners who I believe will have the best interest of the county 

and all inhabitants forefront in their actions and their councils advisement. 

Lisa 
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EXHIBIT 

i A.1~ ~ 2 
BEFORE THE PUBLIC UTILITIES COMMISSION 

OF THE STATE OF SOUTH DAKOTA 
" 

IN THE MATTER OF THE APPLICATION 
BY PREVAILING WIND PARK, LLC FOR 
A PERMIT OF A WIND ENERGY 
FACILITY IN BON HOMME COUNTY, 
CHARLES MIX COUNTY AND 
HUTCHINSON COUNTY, SOUTH 
DAKOTA, FOR THE PREVAILING 
WIND PARK PROJECT 

INTERVENORS' RESPONSES TO 
APPLICANT'S SECOND SET OF 

DATA REQUESTS TO 
INTERVENORS MARSHA HUBNER, 

GREGG HUBNER, PAUL 
SCHOENFELDER;AND 
LISA SCHOENFELDER 

EL 18-026 

Intervenors Gregg Hubner, Marsha Hubner, Paul Schoenfelder, and Lisa Schoenfelder 
("Intervenors"), through counsel, provide the following Responses to Applicant Prevailing Wind 
Park, LLC's ("Applicant") Second Set of Data Requests to Intervenors. 

2-1) Reference Attachment 1, did the law firm of Davenport, Evans, Hurwitz & Smith, LLP 
send this May 27, 2015 letter to Mr. Roland Jurgens on one or more of the Intervenors' 
behalf? If so, identify the intervenor(s) on whose behalf the letter was sent. 

RESPONSE: Objection. This data request seeks information which is irrelevant and is 
protected by the attorney-client privilege. 

2-2) Reference Attachment 1, do all Intervenors agree with the statements contained in the 
letter? If not, explain why not. 

RESPONSE: Objection. This data request is vague and ambiguous as to the phrase 
"agree with the statements contained in the letter." 

2-3) Reference Attachment I, identify all intended recipients of the letter. 

RESPONSE: Objection. This data request seeks information which is irrelevant. Without 
waiving that objection, the intended recipient of the letter is Roland Jurgens. 

2-4) Reference Attachment 1, has any one of the Intervenors or any lawyer on one of the 
Intervenor's behalf sent a letter to any other person that similarly purports to put the 
recipient "on notice" of alleged medical concerns with wind turbines? If the answer is 
yes, provide copies of all such letters and any responses provided by recipients. 

RESPONSE: Objection. This data request seeks information which is irrelevant. 

1 
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2-5) Reference Attachment 1, has any one of the Intervenors commenced a lawsuit or 
participated as a witness or party in litigation relating to wind turbines? If so, provide the 
case name and docket number. Also, provide copies of all pleadings and any statements 
made by one or more Intervenor(s) . 

RESPONSE: Objection. The data request is vague and ambiguous as to its reference to 
Attachment 1. Subject to that objection, no Intervenor has commenced a lawsuit or 
participated as a witness or party in litigation relating to wind turbines. 

2-6) Reference Mr. Gregg Hubner' s role as President of South Dakotans for Safe and 
Responsible Renewable Energy ("SDSRRE"), identify any Intervenors who are members 
of SDSRRE. For each identified Intervenor, describe how the Intervenor participates in 
SDSRRE. 

RESPONSE: SDSRRE does not have members. 

2-7) Describe any financial or in-kind support SDSRRE has provided to any Intervenor in this 
docket. 

RESPONSE: Objection. This data request seeks information which is irrelevant. Without 
waiving that objection, none. 

2-8) Provide copies of any documents regarding the Prevailing Wind Park that SDSRRE has 
distributed since its formation in March 2018, including, but not limited to, documents 
distributed to members of SDSRRE. 

RESPONSE: Objection. This data request seeks information which is irrelevant. 
Without waiving that objection, none. 

2-9) Provide copies of all written communications Mr. Hubner sent to residents and elected 
officials within the Project area regarding the Project. 

RESPONSE: Objection. This data request seeks information which is irrelevant. Subject 
to and without waiving that objection, see those communications previously provided. 

Dated this 3rd day of October, 2018. 

DAVENPORT, EV ANS, HURWITZ & 
SMITH, L.L.P. 

206 West 14th Street 
P.O. Box 1030 
Sioux Falls, SD 57101-1030 

2 
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Telephone: (605) 336-2880 
Facsimile: (605) 335-3639 
E-mail: ralmond@dehs.com 
Attorneys for Intervenors Gregg Hubner, 
Marsha Hubner, Paul Schoenfelder and 
Lisa Schoenfelder 

CERTIFICATE OF SERVICE 

The undersigned, one of the attorneys for Intervenors Gregg C. Hubner, Marsha Hubner, 

Paul M. Schoenfelder, and Lisa A. Schoenfelder, certifies that a true and correct copy of the 

foregoing was served on October 3, 2018, via email, upon the following: 

Kristen Edwards 
kristen.edwards@state.sd. us 
Amanda Reiss 
Amanda.Reiss@state.sd. us 
Staff Attorneys 

Mollie M. Smith 
msmith(a),fredlaw.com 
Lisa M. Agrimonti 
lagrimonti@fredlaw.com 
Fredrikson & Byron, P.A. 

South Dakota Public Utilities Commission 
500 E. Capitol Ave. 

200 South Sixth St., Ste. 4000 
Minneapolis, MN 55402 
Attorneys for Applicant Pierre, SD 57501 

Reece M. Almond 
206 West 14th Street 
P.O. Box 1030 
Sioux Falls, SD 57101-1030 
Telephone: (605) 336-2880 
Facsimile: (605) 335-3639 
E-mail: ralmond@dehs.com 
Attorneys for Intervenors 

3 
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EXHIBIT 

I l\l):"~ 
BEFORE THE PUBLIC UTILITIES COMMISSION 

OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION 
BY PREVAILING WIND PARK, LLC FOR 
A PERMIT OF A WIND ENERGY 
FACILITY IN BON HOMME COUNTY, 
CHARLES MIX COUNTY AND 
HUTCHINSON COUNTY, SOUTH 
DAKOTA, FOR THE PREVAILING 
WIND PARK PROJECT 

INTERVENORS' RESPONSES TO 
APPLICANT'S THIRD SET OF DATA 

REQUESTS TO INTERVENORS 

EL 18-026 

Intervenors Gregg Hubner, Marsha Hubner, Paul Schoenfelder, and Lisa Schoenfelder 
("Intervenors"), through counsel, provide the following Responses to Applicant Prevailing Wind 
Park, LLC's ("Applicant") Third Set of Data Requests to Intervenors. 

2-1) Reference the disclosures for Vickie May, Scott Rueter, Richard Daughtery, Josh 
Larson, Jerome Powers, Travis Krumvieda, Kevin Andersh in Intervenors' 
Disclosure of Lay Witnesses dated September 19, 2018 ("Lay Witness Disclosures"): 

a) Generally describe each witness's educational background; 

b) Generally describe each witness's employment history; 

c) Identify any other proceedings, hearings, or other actions in which the 
witness has offered sworn testimony and provide copies of any such written 
testimony; and 

d) Identify and provide any exhibits the witness will refer to, sponsor, or 
introduce. 

RESPONSE: 
a) Intervenors object to this request to the extent it seeks infom1ation not in the 

possession, custody, or control oflntervenors. Fmthermore, this information is as readily 
available to the Applicant as it is to Intervenors. 

b) Intervenors object to this request to the extent it seeks infonnation not in the 
possession, custody, or control of Intervenors. Furthe1more, this information is as readily 
available to the Applicant as it is to Intervenors. 

c) Intervenors object to this request to the extent it seeks information not in the 
possession, custody, or control oflntervenors. Furthermore, this information is as readily 
available to the Applicant as it is to Intervenors. 

1 
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d) See Intervenors' Exhibit List. 

2-2) Identify the "Hutchinson County Representative" listed as lay witness No. 17. 

RESPONSE: Intervenors do not intend to call a Hutchinson County Representative to testify. 

2-3) Reference disclosure of Vickie May, 

a) Has Ms. May sought medical attention for the alleged maladies in the 
disclosure? If she has sought such medical attention, provide any medical 
records that would in any way indicate that the maladies resulted from a 
wind turbine. Prevailing Wind Park is agreeable to entering into a 
confidentiality agreement and protective order for responsive documents. 

b) Provide any measurements of sound levels or shadow flicker at Ms. May's 
home that Ms. May has in her possession. 

RESPONSE: 
a) Intervenors object to this request to the extent it seeks information not in the 

possession, custody, or control oflntervenors. Furthermore, this information is as readily 

available to the Applicant as it is to Intervenors. 

b) See Exhibit I-5. 

2-4) Reference disclosures for Lori Fuerniss and Sherm Fuerniss, have the witnesses 
sought medical attention for the alleged maladies in the disclosure? If they have 
sought such medical attention, provide any medical records that would in any way 
indicate that the maladies resulted from a wind turbine. Prevailing Wind Park is 
agreeable to entering into a confidentiality agreement and protective order for 
responsive documents. 

RESPONSE: Intervenors object to this request to the extent it seeks information not in the 

possession, custody, or control of Intervenors. Furthermore, this information is as readily 

available to the Applicant as it is to Intervenors. 

2-5) Reference the disclosure for Richard Daugherty, provide copies of any studies or 
reports relating to shadow flicker at his home. 

RESPONSE: Intervenors object to this request to the extent it seeks information not in the 

possession, custody, or control oflntervenors. Furthermore, this information is as readily 
available to the Applicant as it is to Intervenors. Subject to that objection, Intervenors do not 

intend to call Richard Daugherty to testify. 

2 
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2-6) Reference the disclosure for Josh Larson, provide any documents relating to the 

level of sound in Mr. Larson's home caused by the wind turbine located 1,400 from 

his home and provide any documents relating to the level of background sound in 

Mr. Larson's home. 

RESPONSE: Intervenors object to this request to the extent it seeks information not in the 

possession, custody, or control oflntervenors. Furthermore, this information is as readily 

available to the Applicant as it is to Intervenors. Without waiving that objection, Intervenors do 

not have any such documents. 

2-7) Reference the disclosure for Mr. Powers: 

a) Describe, in detail, the alleged ice shedding event, including the date and 
location of the event. 

b) Describe in detail, how Mr. Powers measured the distance of ice shedding 
from the turbine. 

c) Provide copies of all documents relating to the alleged ice shedding event. 

d) Has Mr. Powers sought medical attention for the alleged maladies in the 
disclosure? If so, provide copies of any medical records that would in any 
way indicate that the maladies resulted from a wind turbine. Prevailing 
Wind Park is agreeable to entering into a confidentiality agreement and 
protective order for responsive documents. 

e) Provide copies of all documents that support Mr. Powers' claim that his 
pheasant business will lose $15,000 to $20,000 per year if the Prevailing Wind 

Park Project ("Project") is constructed. 

f) Identify and provide contact information for the 50 customers Mr. Powers 
spoke to regarding whether they would return to hunt pheasants at his 
business if the Project is constructed. 

g) For each of the 50 customers Mr. Powers contacted, state on how many 
occasions they paid to hunt with Mr. Powers' business. 

RESPONSE: Intervenors object to this request to the extent it seeks information not in the 

possession, custody, or control oflntervenors. Furthermore, this information is as readily 

available to the Applicant as it is to Intervenors. Without waiving that objection, Intervenors 

3 
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respond as follows: Mr. Powers has seen ice shards approximately 210 feet1 from turbine nos. 

-:iv !Clnrl nirn~tPPn of the Reethoven Wind Farm. He measured that distance with a tape measurer. 

2-8) Reference the disclosure for Travis Krumvieda: 

a) Identify the wind project in which Travis Krumvieda is a participating 
landowner; 

b) Provide a map that shows the existing turbines within 2 miles from Mr. 
Krumvieda's residence. A marked up Google Earth map or similar would be 
acceptable; 

c) Describe the wind project facilities located on and within two miles of Travis 
Krumvieda's property; 

d) Provide copies of recorded land records relating to Travis Krumvieda's lease 
agreement for the wind project. 

RESPONSE: Intervenors object to this request to the extent it seeks information not in the 

possession, custody, or control oflntervenors. Furthermore, this information is as readily 

available to the Applicant as it is to Intervenors. Without waiving that objection, Intervenors do 

not intend to call Travis Krumvieda to testify. 

2-9) Reference the disclosure for Kevin Andersh, describe the concerns Mr. Andersh 
has, if any, regarding the Project. 

RESPONSE: Since the Beethoven Wind Farm went operation, Mr. Andersh has had difficulties 

sleeping due to a vibrating sound in his ears. He resides a little over 2 miles from the 

nearest turbine. His contact number is 605-384-3472. 

2-10) With respect to Vickie May, Scott Rueter, Richard Daughtery, Josh Larson, Jerome 

Powers, Travis Krumvieda, Kevin Andersh: 

a) Identify whether the lay witness lives at the residence throughout the entire 

year and, if not, how many months of the year he/she resides at the residence; 

b) Provide a map that shows the existing turbines within 2 miles from the 
residence of each lay witness's residence. A marked up Google Earth map or 

similar would be acceptable; 

c) To the extent known by the proffered witness, Identify the regulations, 
including but not limited to state, county and any other applicable 

1 Intervenors, through counsel, referenced 1,000 feet and 600 feet in the First Amended Disclosure of Lay 

Witnesses based on a misunderstanding/miscommunication. 
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EXHIBIT A22-3

regulations, for noise that applied to the existing wind farm in proximity to 

~achJav:-witness'__&_residenc~atJl1ej_ime the existin!!: wind farm was 

permitted; 

d) To the extent known by the proffered witness, identify the regulations, 

including but not limited to state, county and any other applicable 

regulations, for shadow flicker that applied to the existing wind farm in 

proximity to each lay witness's residence at the time the existing wind farm 

was permitted and built; 

e) To the extent known by the proffered witness, Identify the setbacks, 

including but not limited to state, county and any other applicable setbacks, 

that applied to the existing wind farm in proximity to each lay witness's 

residence at the time the existing wind farm was permitted and built; 

f) If the lay witness will testify regarding property values, provide all records 

within the last 10 years, including but not limited to studies, reports, and 

analyses, regarding property values as it relates to the lay witness's property. 

RESPONSE: Intervenors object to this request to the extent it seeks information not in the 

possession, custody, or control of Intervenors. Furthermore, this information is as readily 

available to the Applicant as it is to Intervenors. Without waiving that objection, Intervenors 

have printed off Google Maps for certain witnesses, see Exhibit List. 

2-11) Provide any documents referred to, related to, or relied upon in Intervenors' 

responses to this Third Set of Discovery Requests. 

RESPONSE: Intervenors object to this request to the extent it calls for the production of work 

product. Subject to that objection, none. 

2-12) Please consider each question ongoing and update answers to the extent that the 

testimony of Intervenors' Lay Witnesses will be broader than identified in the Lay 

Witness Disclosures. 

RESPONSE: No response necessary. 
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~ 

Dated this _S__ day of October, 2018. 

DAVENPORT, EV ANS, HURWITZ & 

SMITH, L.L.P. 

Reece M. Almond 
206 West 14th Street 
P.O. Box 1030 
Sioux Falls, SD 57101-1030 
Telephone: (605) 336-2880 
Facsimile: (605) 335-3639 
E-mail: ralmond@dehs.com 
Attorneys for Intervenors Gregg Hubner, 

Marsha Hubner, Paul Schoenfelder and 

Lisa Schoenfelder 
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EXHIBIT A22-3

CERTIFICATE OE SER\ITCE 

The undersigned, one of the attorneys for Intervenors Gregg C. Hubner, Marsha Hubner, 

Paul M. Schoenfelder, and Lisa A. Schoenfelder, certifies that a true and correct copy of the 

Intervenors' Responses to Applicant's Third Set of Data Requests to Intervenors, was 

served on October S "~ 2018, via email, upon the following: 

Kristen Edwards 
kristen.edwards@state.sd. us 
Amanda Reiss 
Amanda.Reiss@state.sd. us 
Staff Attorneys 

Mollie M. Smith 
msmith@fredlaw.com 
Lisa M. Agrimonti 
lagrimonti(a),fredlaw.com 
Fredrikson & Byron, P.A. 

South Dakota Public Utilities Commission 
500 E. Capitol Ave. 

200 South Sixth St. , Ste. 4000 
Minneapolis, MN 55402 
Attorneys for Applicant Pierre, SD 57501 

Reece M. Almond 
206 West 14th Street 
P.O. Box 1030 
Sioux Falls, SD 57101-1030 
Telephone: . (605) 336-2880 
Facsimile: (605) 335-3639 
E-mail: ralmond@dehs.com 
Attorneys for Intervenors 
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Exhibit A23 

BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

* 
IN THE MATTER OF THE APPLICATION 

* 
APPLICANT'S FIRST SET OF DATA 

BY PREVAILING WIND PARK, LLC FOR A 
* 

REQUESTS TO INTERVENOR 

PERMIT OF A WIND ENERGY FACILITY SHERMAN FUERNISS 
* 

IN BON HOMME COUNTY, CHARLES MIX 
* 

COUNTY AND HUTCHINSON COUNTY, EL 18-026 
* 

SOUTH DAKOTA, FOR THE PREVAILING 
* 

WIND PARK PROJECT 
* 

Below, please find Prevailing Wind Park, LLC's ("Applicant") First Set of Data Requests to Intervenor 
Sherman Fuerniss. Please submit responses within 10 business days or promptly contact the 
undersigned to discuss an alternative arrangement. 

1-1) Provide copies of all data requests submitted by the PUC Staff to you in this proceeding and 
copies of all responses to those data requests. Provide this information to date and on an 
ongoing basis. 

See attachment. 

1-2) With respect to the Project, please: 

a) Identify, if any, concerns you have regarding the Project's satisfaction of the criteria 
for the Project to receive a facility permit from the South Dakota Public Utilities 
Commission; and 

1) Concerns about the legality of depriving property owners of the full traditional and 
customary use of the full extent of their private property due to the proximity of the 
proposed wind turbines. 
2) Concerns about the negative economic impact on property owners resulting from the 
inability to make full traditional and customary use of the full extent of their private 
property due to the proximity of the proposed wind turbines. 
3) Concerns about diminished quality of life and impaired health, safety, and welfare 
from the proximity of the proposed wind turbines sited according to outdated 
recommendations. 

b) Identify any other concerns you have regarding the Project. 
Concerns include increased acoustic energy from all directions from this project, potential 
exacerbation of sleeping problems leading to detrimental health issues, and detrimental 
effects on quality of life and welfare that have not been quantified now or after continous 
and prolonged exposure to increased acoustic energy. 

Page 1 of 12  
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1-3) Identify whether you own property or reside in the vicinity of the Prevailing Wind Park Project
(“Project”) and, if so, the location (by section, township, and range) of such property and/or
residence.

My immediate family owns 320 acres in 14-96-62 of Choteau Creek Township South and 40
acres in 18-96-61 of Choteau Creek Township South. My extended family owns 160 acres in
10-96-62 of Choteau Creek Township South which is managed by myself as an integral part of
our operation.
Our family resides in the east one-half of 14-96-62 of Choteau Creek Township South.

1-4) If you have a residence in the vicinity of the Project, identify whether you live at the residence
throughout the entire year and, if not, how many months of the year you reside at the
residence.

Our family lives and works on our property twelve months of the year.

1-5) Identify how you use your land, including, but not limited to, whether you use your land for
agricultural purposes.

Our land is used primarily for animal husbandry making extensive use of intensive and
rotational grazing by means of portable break-wires and frequent movement of livestock
requiring continual maintenance of both perimeter and internal fencing. Cattle movement and
fencing are both accomplished mainly on foot on all areas of the property. Land not used for
grazing is hayed and a small amount is used for crop production.

1-6) Identify any sensitive or unique features of your property that you assert would be impacted by
the Project.

The vast majority of our property is grassland including native prairie and land replanted to
native prairie grasses. Our prime native prairie would be bracketed on all sides by wind
turbines.
Our farm is also home to a bow-truss barn built in 1923 by my grandfather which is still in use.
The herd of Braunvieh cattle we raise is unique to the area, perhaps to state of South Dakota.

1-7) Describe any mitigation measures that could address your concerns with respect to the Project.
Preventative measures could include, but are not limited to, not building the project, requiring 2

mile setbacks from nonparticipating residences or 2 kilometer setbacks from nonparticipating
property owners perimeter property lines - whichever is greater - as measured to the nearest
reach of the turbine rotor, and 40dBA max daytime levels not to be exceeded more than 10%
of the time and 30dBA max nighttime levels not to be exceeded more than 10% of the time
as measured at nonparticipating property owners perimeter property lines.

EXHIBIT A23
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1-8) Identify any documents, information, education, training, or professional experience you have
relied upon to form your opinions concerning the Project. Where you have relied upon
documents or other tangible materials, please provide such documents and/or materials.

Prevailing Wind Park, LLC application for a permit to the South Dakota Public Utilities
Commission; three years experience living 1.25 miles from the Beethoven wind project; Bryce,
R. (2010) Power Hungry, New York, NY,PublicAffairs, Perseus Books Group; Hansen, C.,
Doolan, C. and Hansen, K. (2017) Wind Farm Noise: Measurement, Assessment and Control,
Chichester, UK, John Wiley and Sons Ltd.; Crampton, G. (Ed.) (1990) Motion and Space
Sickness, Boca Raton, Florida, USA, CRC Press Inc.; Salt, A. and Kaltenbach, J.(2011)
Infrasound From Wind Turbines Could Affect Humans, Bulletin of Science Technology &
Society 2011 31: 296, online version http://bst.sagepub.com/content/31/4/296; Punch, J. and
James, R. (2016) Wind Farm Noise: A Four-Decade History of Evidence that Wind Turbines
Pose RIsks, from https://hearinghealthmatters.org/hearingnewswatch/2016/wind-turbine-noise-
health/; Thorson, P., Persson Waye, K., Ogren, M., Smith, M., Pedersen, E., Forssin, J. (2018),
Creating sound immission mimicking real-life characteristics from a single wind turbine, from
https://sciencedirect.com/science/article/pii/S003682X17312008; McMurtry, R. and Krogh, C.,
(2014) Diagnostic criteria for adverse health effects in the environs of wind turbines, from
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4221978/#_ffn_sectitle, ;
www.masterresource.org ; https://www.researchgate.net ; Salt, A.and Lichtenhan, J.(2014)
How Does Wind Turbine Noise Affect People? Acoustics
Today,winter2014,http://www.windturbinesyndrome.com/wp-content/uploads/2014/04/Salt-et-
al.-on-Wind-TurbineSyndrome.

1-9) Identify any expert witnesses you plan to have testify on your behalf, and for each expert
witness, describe the subject matter regarding which the witness will testify.

None.

1-10) Are you asserting the Project will negatively impact property value? If so, provide copies of any
appraisals that have been conducted for your property within the last ten (10) years.

The value of anything is determined by agreement between a willing seller and a willing buyer.
It would seem logical that the pool of willing buyers who intended to reside on a small farm
surrounded in close proximity by multiple wind turbines would be smaller than the pool of willing
buyers for such a property not surrounded by wind turbines. While the pool of willing buyers who
would not reside there may be larger, the pool of willing sellers to such buyers in this case would be
zero. The smaller the pool of potential buyers the less likely agreement of value would be found.
There have not been any appraisals of which I am aware.
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1-11) Identify any communications, written or otherwise, you have had with units, officials, and/or
representatives of local, state, and/or federal governments or agencies concerning the
Project.

a) For any written communications, provide a copy of the communication; and
See attachments.

b) For any unwritten communications, provide the date of the communication, the
persons involved, and the subject matter of the communication.

Dated this 30th day of August 2018.

By /s/ Lisa Agrimonti___________
Mollie Smith
Lisa Agrimonti
FREDRIKSON & BYRON, P.A.
Attorneys for Applicant
200 South Sixth Street, Suite 4000
Minneapolis, MN 55402
Phone: (612) 492-7270
Fax: (612) 492-7077
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BEFORE THE PUBLIC UTILITIES COMMISSION
OF THE STATE OF SOUTH DAKOTA

_______________________________________

_______________________________________

*
*
*
*
*
*
*
*

Below, please find Staff’s First Set of Data Requests to Intervenors. Please submit responses by
August 22, 2018, at 5:00 pm, or promptly contact Staff to discuss an alternative arrangement.

1-1) Provide copies to Staff of all data requests served on Applicant at the time of service.
None served at this time.

1-2) Provide copies to Staff of all of your answers to data requests from Applicant at the time
they are served on Applicant.
None received at this time.

1-3) Refer to SDCL 49-41B-22. Please specify particular aspect/s of the applicant's burden
that the individuals granted party status intend to personally testify on.
1) Inaccuracies, errors, and omissions in the applicant’s application and supplemental
information may cause injury to the environment leading to the economic detriment of
some inhabitants and businesses within and near the project as well distressing other
activities.
2) The applicant fails to substantially prove that placement of turbines twice as powerful
as existing turbines and at distances even closer than existing turbines will not
substantially affect the health, safety or welfare of either participating or non-
participating inhabitants. Unless health, safety, and welfare have been quantitatively
measured prior to construction the amount of substantial impairment can not be measured
after. Personal health and well-being will be particularly emphasized.
3) There will likely be no future “orderly development” at all in the footprint of the
facility if constructed as proposed.

STAFF’S FIRST SET OF DATA
REQUESTS TO INTERVENORS

EL18-026

IN THE MATTER OF THE
APPLICATION BY PREVAILING
WIND PARK, LLC FOR A PERMIT OF
A WIND ENERGY FACILITY IN BON
HOMME COUNTY, CHARLES MIX
COUNTY AND HUTCHINSON
COUNTY, SOUTH DAKOTA, FOR THE
PREVAILINGWIND
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1-4) Refer to SDCL 49-41B-25. Identify any “terms, conditions, or modifications of the
construction, operation, or maintenance” that the Intervenors would recommend the
Commission order. Please provide support and explanation for any recommendations.
The “terms, conditions or modifications” that would ameliorate nuisance, health, and

negative financial concerns raised by the facility would be to simply deny the permit.
Should the permit be approved, full frequency spectrum analysis should be performed,

not just modeling of projected dB(A) levels. The complete sound output needs to be
accounted for not just the audible portion as with the dB(A) weighted scale. Dr. Alec Salt
and colleagues, Washington University School of Medicine, St. Louis have explained the
effects of extremely low frequency sound on the inner ear leading to the distress of sleep
disruption, sleep deprivation and subsequent adverse health effects. Larger and more
powerful turbines produce an even larger proportion of low frequency noise than earlier
smaller models. This needs to be accounted for by someone.

If appropriate sound power level studies are not implemented and standards set and
enforced, an alternate condition for safety, health, and welfare would be setbacks of 2
miles from non-participating residences, businesses, churches, cemeteries, and schools
with waivers for those so inclined and 1500 foot setbacks from property and right of way
lines. All setback measurements need to be made to the tip of the blade when horizontal
not to the center of the tower.
Aircraft Detection Lighting Systems should be installed. The air ambulances from the

Sioux Falls hospitals make multiple trips to the Wagner hospitals every week at all hours
of the day and night through the proposed facility area.
Shadow flicker should be eliminated at non-participating residences and business and

should be reduced to 8 hours annually actual following the German model at participating
residences so as not to imprison people their homes behind shuttered windows unable to
use their own property.
Decommissioning monies should be made available in whole upfront and reevaluated

every 2 years to account for inflation and other increasing costs. Decommissioning
should include complete removal of all installed components not just visible portions.

1-5) Is there a specific objection (example health, blinking lights, sound) you have with
respect to the Project? Please briefly explain.
a. What, if anything, do you feel could be done to remedy that issue?

Concerning sight, sound, health, and safety issues:
If constructed as proposed our horizon will be in constant motion when the wind blows
except for about 60 degrees to the north. As someone susceptible to motion sickness and
having suffered vertigo episodes within the last few months, this may well be an
unbearable situation. Infrasound and low frequency noise from existing turbines may
contribute to these issues as per Navy nauseogenic studies but I can not imagine that
having larger turbines on all sides could possibly help.

EXHIBIT A23
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Existing turbine noise is routinely audible at our residence at 1.25 miles distant. Note
that applicant’s sound study indicates that in 2 of 3 measurements at measuring points 1
and 2 there is audible sound from existing turbines at distances of approximately 2 miles.
Again, being completely surrounded by larger turbines will not help the situation.
Both audible sound and inaudible low frequency noise are known to contribute to sleep
disruption and sleep deprivation. The distress of sleep deprivation over time is known to
cause physiological disruptions of several body systems. We already experience sleep
problems. Being surrounded by more and larger turbines can not possibly help.

Possible remedies for these issues could include but are not limited to:
1) Not approving the permit.
2) Requiring 2 mile setbacks from habitable residences, businesses, churches,
cemeteries, etc. with waivers if desired by participating landowners so as to protect by
distance from sound, inaudible noise, and sight disruption. All property and right of way
line setbacks should be at least 1500 feet for safety from blade fragmentation and ice
throw. For risk assessment it should be presumed that a person is always present at the
property or right of way line.
3) Requiring 2 kilometer setbacks (as many European countries and Australian states
have previously required 1000 meters for much smaller turbines as per summary by K. M.
B. Haugen, Minnesota Department of Commerce) but from non-participating landowners
property lines, along with noise limits of 25-40 dB(A) (again foreign country guidelines
adjusted for turbine size per Haugen summary) at non-participating landowner property
lines with lower values for measured quiet areas or 5 dB(A) above measured
preconstruction background noise levels Leq with 5-15 dB penalties for tonality,
impulsiveness, and modulation (Haugen summary) at the property line of non-
participants so as not to imprison people in their homes unable to use or enjoy their entire
property.
4) Further remedies to reduce audible sound and low frequency noise could include
shutting down the entire facility from 7:00 pm to 7:00 am so that all inhabitants could
sleep peacefully, shutting down all turbines within 2 miles of non-participating residences
or 2 kilometers of non-participating owner property lines from 7:00 pm to 7:00 am, using
Noise Reducing Operations (NRO) on all turbines from 7:00 pm to 7:00 am, or using
NRO on turbines within 2 miles of non-participating residences or 2 kilometers of non-
participating landowners property lines 24 hours a day.
Setbacks from property lines are stressed because our practice of animal husbandry

requires working afoot on the majority of our property on a daily basis. Measurements to the
residence are useless except for sleeping hours. No one should be denied the use of the entirety
of their property.
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1-6) Please list with specificity the witnesses the Intervenors intend to call. Please include

name, address, phone number, credentials and area of expertise.

Potential witness other than self are unkown at this time.

1-7) Do the you intend to take depositions? If so, of whom?

Unknown at this time but doubtful.

21 August 2018
Sherman Fuerniss
40263 293rd Street
Delmont, So. Dak. 57330
605-779-5041
sol@midstatesd.net

Dated this 8th day of August 2018.

_______________________
Amanda M. Reiss
Kristen Edwards
Staff Attorneys
South Dakota Public Utilities Commission
500 East Capitol Ave.
Pierre, SD 57501
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1

Duffus, Bridget

From: Edwards, Kristen <Kristen.Edwards@state.sd.us>
Sent: Monday, August 06, 2018 1:57 PM
To: & Sherman, Lori
Subject: RE: Prevailing Winds

No problem! 
 
From: sol <sol@midstatesd.net>  
Sent: Monday, August 6, 2018 1:49 PM 
To: Edwards, Kristen <Kristen.Edwards@state.sd.us> 
Subject: RE: [EXT] Prevailing Winds 
 

Thanks so much for your prompt response to my inquiry. It is greatly appreciated! 

Regards, 

Sherman Fuerniss 

On Aug 6, 2018 9:50 AM, "Edwards, Kristen" <Kristen.Edwards@state.sd.us> wrote: 

Not at all critical.  No big deal, they never deny anyone party status. 
 
From: sol <sol@midstatesd.net>  
Sent: Monday, August 6, 2018 9:49 AM 
To: Edwards, Kristen <Kristen.Edwards@state.sd.us> 
Subject: Re: [EXT] Prevailing Winds 
 

Good morning, 

   How critical is it that I be included in the conference call tomorrow when the PUC is considering party status 
applications for EL18-026, Prevailing Wind ? Unfortunately I do not anticipate being able to be on the phone 
or even able to monitor the meeting tomorrow morning. 

Sincerely, 

Sherman Fuerniss 

On Jul 31, 2018 9:28 AM, "Edwards, Kristen" <Kristen.Edwards@state.sd.us> wrote: 

Good morning, 
 
I am email because you have filed for party status in t 
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July 21, 2018 
 
Charles Mix County Commissioners 
 
Keith Mushitz 
Neil VonEschen 
Jack Soulek 
 
Dear Commissioners: 
 
   Several items from last Thursday’s meeting kept nagging at me afterwards. It took a couple of days to sort 
out, but I would like to make the following points. 
 

1) When Neil reported that Jonathan Wuertz said that they don’t want any towers closer than 1 mile from 
the colony, keep in mind that the closest existing tower is about 1.25 miles from the colony. The new 
towers will be half again as tall and more than twice as powerful. One mile is simply not far enough! 
Also realize that when Jonathan says that the colony does not want any towers within a mile, the 
current PUC application shows that of the 9 towers on colony land only 1 is about a mile from the 
colony while the rest are from 1.25 to 4.5 miles from the colony while still being on colony land, but are 
the following approximate distances from other residences: 

  
               Tower 32 about .5 mile from T. Koupal, .75 mile from S. Fuerniss and K. Andersh 
               Tower 40 about .5 mile from K. Andersh, .75 mile from T. Koupal and less than 1 mile from 
S.Fuerniss 
               Tower 16 less than 1 mile from L. Peters and S. Fuerniss 
               Tower 57 less than 1 mile from from K. Andersh, .75 mile from L. Peters and G. Link, and about 1  
                               mile from P. Schoenfelder 
               Tower 48 about .5 mile from G. Link and .75 mile from L. Peters 
               Tower 23 less than 1 mile from G. Link and P. Schoenfelder 
               Tower 58 about .75 mile from C. Pazour and P. Schoenfelder 
               Tower 49 less than .75 mile from C. Pazour and less than 1 mile from P. Schoenfelder 
 
             So should towers be a mile or more from colony homes but towers on colony land be allowed to be  
             closer than a mile to other homes??? 
 
       2)   Mr. Jurgens stated that there would be 57 towers. The application to the PUC shows 63 towers. Which  
             sites have they already eliminated? 
 
       3)   If I remember correctly, the “letter” offered by s-Power would keep towers about .75 mile from 
             residences - was that participating or non-participating? Three-fourths of a mile would not seem to 
             move very many towers very far and is essentially no concession from s-Power. The 40 dB(A) at non- 
             participant and 45 dB(A) at participant residences they proposed is already what they would like the 
             PUC to approve, so it is no concession either. Shadow flicker is also as already proposed. They stick 
             with their plan as proposed essentially without change. 
 
       4)   Mr. Podhrasky seemed overly impressed that the meeting room sound level of 60-70dB(A) -very 
             unofficially measured- was not so loud. Of course, he was not trying to sleep there. Sleep deprivation/ 
             disruption can begin at 30dB(A). 

EXHIBIT A23
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       5)   Mr. Jurgens mentioned that even your heart creates low frequency sound waves and they are not 
             harmful. But God created the heart for the body and the body for the heart to work together. To equate 
             the low frequency sound waves of the heart to those produced by turbine blades that are a football 
             field and a half in diameter and moving at 200 miles per hour at the tips is ludicrous. The dangers of 
             low frequency sound to the human body are known, what is not known is what standards for safety 
             should be adopted. The only present safety is distance. 
 
        6)   At the PUC meeting in Avon nearly 4 times as many people spoke against this wind energy 
              conversion facility as spoke in favor of it. I do not believe any of those in favor were from Charles 
              Mix County. 
 
        7)   By my count there are 24 residences in Charles Mix County (7 in Lone Tree, 15 in Choteau Creek 
              South, 2 in Choteau Creek North) that are in the footprint  of the wind energy conversion facility. 
              Only 7 of those 24 have their land signed up. How many of those 7 have appealed to use their 
              property as they see fit to the potential detriment of the others? 
 
   I will continue to urge the adoption of strict regulations on wind energy conversion facilities, but especially 
setbacks of 2 miles or their equivalent in multiples of tower height from residences, business, etc. with waivers 
available and a setback of 2.5 times tower height from property lines and rights of way for the protection of 
Charles Mix County residents. 
 
 
    Sincerely, a lifelong resident of Charles Mix County, 
 
    Sherman Fuerniss 
    40263 293rd Street 
    Delmont, So. Dak. 57330 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

_______________________________________                                                                        
 
 
 
 
 
 
 
 
_______________________________________ 
 

 
* 
* 
* 
* 
* 
* 
* 
* 
 
 

 
                        

Below, please find Staff’s Second Set of Data Requests to Sherman Fuerniss.  Please submit 
responses by October 5, 2018, at 5:00 pm.     

 
2-1) Refer to the rebuttal testimony of Mr. Fuerniss, Page 5, subpart (7).   

 
a) Provide and specifically identify all “misidentifications of land use” that Mr. Fuerniss 

is aware of. 
b) Provide and specifically identify all “misidentifications of 

participating/nonparticipating residents” that Mr. Fuerniss is aware of.   
c) Has the “misidentifications of participating/nonparticipating residents” that Mr. 

Fuerniss is aware of been corrected as part of independent review of residences 
within the Prevailing Wind Park project and verification area attached to Bridget 
Canty’s rebuttal testimony? 

d) Please explain in detail what consideration should be provided for rural cemeteries.  
Please provide evidence to support this consideration.     

 
Dated this 28th day of September 2018.  
 
           _______________________    

Amanda M. Reiss     
Kristen Edwards     
Staff Attorneys     
South Dakota Public Utilities Commission  
500 East Capitol Ave.     
Pierre, SD 57501      

STAFF’S SECOND SET OF DATA 
REQUESTS TO SHERMAN FUERNISS 

 

EL18-026 

 

IN THE MATTER OF THE 
APPLICATION BY PREVAILING 
WIND PARK, LLC FOR A PERMIT OF 
A WIND ENERGY FACILITY IN BON 
HOMME COUNTY, CHARLES MIX 
COUNTY AND HUTCHINSON 
COUNTY, SOUTH DAKOTA, FOR THE 
PREVAILING WIND 
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EXHIBIT 

I l\ll.\ 
BEFORE THE PUBLIC UTILITIES COMMISSION OF THE 
STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION BY PREY AILING WIND 
PARK, LLC FOR A PERMIT OF A WIND ENERGY FACILITY IN 
BON HOMME COUNTY, CHARLES MIX COUNTY AND 
HUTCHINSON COUNTY, SOUTH DAKOTA, FOR THE 
PREY AILING WIND PARK PROJECT 

**** * *** 

APPLICANT'S FIRST SET OF DATA REQUESTS TO 
INTERVENOR KELLlPAZOUR 

EL18-026 

Below, please find Prevailing Wind Park, LLC's ("Applicant") First Set 
of Data Requests to Intervenor Kelli Pazour. Please submit responses by 
October 5, 2018 in accordance with the Order Granting Party Status and 
Establishing Procedural Schedule or promptly contact the undersigned to 
discuss an alternative arrangement. 

1-1) Provide copies of all data requests submitted by the PUC Staff to 
you in this proceeding and copies of all responses to those data 
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requests. Provide this information to date and on an ongoing basis. 
  

. 1-2)  Identify:  

. a)  Your educational background;  

. I went to Mitchell tech for two year degree in Agriculture. Then 
went to Dakota Wesleyan University for Special Education.  

. b)  Your employment background;  

. Ranch and Farmer  

. c)  Any other proceedings, hearings, or other actions in which 
you have offered sworn testimony.  

. none  

. 1-3)  In your Application for Party Status in the above-referenced 
action, it states: “I live on land in close proximity to or within the 
project's footprint. I have concerns regarding the applicant[’s] 
compliance with applicable laws and rules, regarding 
environmental, infr[a] sounds, and acoustics. This project will 
impair the health, safety and welfare of inhabitants of the area.” 
With respect to above, please respond to the following:  

. a)  Identify with specificity your “concerns regarding the 
applicants[s] compliance with applicable laws and rules.” 
Because the Submitted Application had so many errors, 
missing data. I do not know if they have complied with the 
laws. The application was missing some of the neighbors, 
cemeteries and the report of wildlife is understated.  I 
question the accuracy of a small sample observation for 
wildlife in my area.  

. b)  Identify with specificity your concerns “regarding 
environmental, infr[a] sounds, and acoustics.” I have listed 
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my concern and are referenced in (1-7)   

. c)  Identify with specificity your concerns that the Project “will 
impair the health, safety and welfare of inhabitants of the 
area.”  

. I am concerned with the Info-sounds as well as the acoustics that 
come off the wind turbines. I am concerned about how the 
sound waves will affect my daughter’s hearing. In 1-7, I list 
information that I reviewed and formed my opinion. 

. d)  Identify with specificity any other concerns you have 
regarding the Project.  

. I am concerned about how close they are to people’s homes and 
their height. After talking to Dr Jay Tebbitts, who worked on 
the board of Health and investigated the Sherry Wind Farm, I 
have a greater concern now. He studied the Sherry Wind 
Farm and found that it was causing issues. The turbines 
where only 495 ft. tall  and the set back to this site was 1250. 
Who’s to say with the new turbines that they are requesting 
that are about 600ft. couldn’t have the same impact?  Please 
see the references to his work in 1-7. 

. 1-4)  State whether you live at the residence throughout the entire year 
and, if not, how many months of the year you reside at the 
residence.  

. We live 12 out of 12 months at our home.  

. 1-5)  Describe how you use your land, including, but not limited to, 
whether you use your land for agricultural purposes.  

. Ranch and Farm the land.   

1-6)  Describe any mitigation measures that could address your concerns 
with respect to the Project.  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Ideally, I feel there really is no mitigation that would keep our current 
state.  Esthetically, a three-mile setback would still impact the 
environmental landscape.  I do feel the three-mile setback would 
minimize the low frequency sound issues although may not eliminate 
them. 
I strongly feel the new radar detection system is mandatory, since we are 
currently impacted by the existing Beethoven light system.  
I will have 19 with in a three mile radius around me. The Applicants 
proposed mitigation for shadow flicker and sound buffering is 
inadequate and not acceptable. We have severe concerns about the noise 
level and shadow flicker and would like to request independent oversite 
during and post construction for the entire time of the project’s 
existence.  I would like a system in place to expediate the violations or 
grievance of those impacted if the application is approved.  I also have 
independent studies that show that there should be two decibel levels for 
day and one for night.  I strongly feel based on research that the levels 
should be 35 daytime and 30 night. I feel this is not much to ask for to 
keep my daughter safe and others. 
 

. 1-7)  Identify any documents, information, education, training, or 
professional experience you have relied upon to form your 
opinions concerning the Project. Where you have relied upon 
documents or other tangible materials, please provide such 
documents and/or materials. 

I have been doing research starting back in 2014 to Educate 
myself. I want to know or if there are any health issues around 
hearing or hearing aids. I am still looking up data to keep myself 
informed. 

https://hearinghealthmatters.org/hearingviews/2014/wind-turbine-noise-evidence-health-
problems/ 
 
 ”We know that things we cannot see, touch, taste, or smell can hurt us, so why is it 
unreasonable also to believe that what we can’t hear might also hurt us?  
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Persons affected by wind turbine noise appear to be responding directly to acoustic stimulation 
of the same nerves and organs affected in that experimental environment. “ 
 
We know x-rays can cause harm even if we can’t see them so who do know without reasonable 
doubt that these new wind turbines will not have any harmful effects? 
 
 
“The right of the public to enjoy health and well-being should be paramount to the economic and 
political interests of the wind industry and governmental bodies. These rights need to be 
protected on a proactive, and not just on a retroactive, basis. Industrial-scale wind turbines 
should be sited only at distances from residents that are sufficient to minimize sleep disturbance 
and that do not put them at risk for a variety of other serious health problems.” 
 
https://successforkidswithhearingloss.com/wp-content/uploads/2014/09/Wind-Turbine-Noise-
What-Audiologists-Should-Know.pdf 

“Inaudible components can induce resonant vibration in solids, liquids, and gases—including 
the ground, houses, and other building structures, spaces within those structures, and bodily 
tissues and cavities—that is potentially harmful to humans. The most extreme of these low-
frequency (infrasonic) emissions, at frequencies under about 16 Hz, can easily penetrate homes. 
Some residents perceive the energy as sound, others experience it as vibration, and others are 
not aware of it at all. Research is beginning to show that, in addition to sleep disturbances, these 
emissions may have other deleterious consequences on health.” (p22) 

So, with these low sounds and frequencies they can’t say that it can’t penetrate people’s houses. 
People’s homes are where you get your rest or feel safe. If sounds or acoustics penetrate your 
home what effects of long term could there be? With these new turbines being 600ft do they 
don’t know. Sound waves can affect everyone differently; I don’t want my daughter to feel that 
she is not safe at home because if she has problems related to the wind turbines.   

“Among audiologists and acousticians, it has been understood for many decades that sufficiently 
intense and prolonged exposure to environmental noise can cause hearing impairment, 
annoyance, or both. In essence, the view has been what you can hear can hurt you. In the 
case of wind turbines, it seems that what you can’t hear can also hurt you. Again, there is no 
evidence that noise generated by wind turbines, even the largest utility-scale turbines, causes 
hearing loss. But there is increasingly clear evidence that audible and low-frequency acoustic 
energy from these turbines is sufficiently intense to cause extreme annoyance and inability to 
sleep, or disturbed sleep, in individuals living near them. “ 

With my daughter’s issues, how do I know that she could be the first Ginny pig for being the first 
one. Knowing she has only one ear and not knowing how this could change her life!  

“According to the World Health Organization guidelines (WHO, 2007), observable effects of 
nighttime, outdoor wind-turbine noise do not occur at levels of 30 dBA or lower. Many rural 
communities have ambient, nighttime sound levels that do not exceed 25 dBA. As outdoor sound 
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levels increase, the risk of AHEs also increases, with the most vulnerable being the first to show 
its effects. Vulnerable populations include elderly persons; children,  

FiGURE 2: Utility-scale wind turbines located in Huron County, Michigan.  

especially those younger than age six; and people with pre-existing medical conditions, 
especially if sleep is affected. For outdoor sound levels of 40 dBA or higher, the WHO states that 
there is sufficient evidence to link prolonged exposure to AHEs. While the WHO identifies long-
term, nighttime audible sounds over 40 dBA outside one’s home as a cause of AHEs, the wind 
industry commonly promotes 50 dBA as a safe limit for nearby homes and properties. Recently, a 
limit of 45 dBA has been pro- posed for new wind projects in Canada “(Keith et al, 2008).” 
(p27) 

Much of the answer as to why the wind industry denies that noise is a serious problem with its 
wind tur- bines is because holding the noise to 30 dBA at night has serious economic 
consequences. Bottom line is that they would lose money! Prevailing Wind never said that they 
couldn’t do it at our county commissioners meeting. I feel that it’s not out of reach that there 
should be two setting for the wind turbines one for day time and one for night! I feel 45 dba is 
not expectable. Prevailing winds also made the remark that they could go as low as 43dba! With 
the technology they say they have, why couldn’t they turn them off at night and control the dba 
at night. 

 https://doi.org/10.1177%2F0270467611412548 

“Research linking loud sounds to hearing loss in youngsters is now widespread, resulting in the 
issuance of warnings to protect children’s hearing. However, studies attesting to the adverse 
effects of intrusive sounds and noise on children’s overall mental and physical health and well-
being have not received similar attention.” 

“Furthermore, based on our knowledge of the harmful effects of noise on children’s health and 
the growing body of evidence to suggest the potential harmful effects of industrial wind turbine 
noise, it is strongly urged that further studies be conducted on the impacts of industrial wind 
turbines on their health, as well as the health of their parents, before forging ahead in siting 
industrial wind turbines”. 

I truly believe that their needs to be more studies done pertaining to this! I feel the without 
enough studies done. This should be done before this project can go forwards. At this time, I 
believe that the applications should be denied.  

 
https://wcfn.org/2015/01/18/health-and-wind-farms/ 
 

EXHIBIT A24

 
015866



 
“Will noise or other direct or indirect consequences (and which consequences) of the 
operation of the Stony Gap wind farm erected as contemplated in the Application, and 
involving turbines of the type and dimensions referred to in the Application, in your 
opinion be likely to cause adverse health effects or significantly exacerbate existing adverse 
health effects to a significant percentage of the population living within up to 10 kilometers 
of the turbines from the Stony Gap Wind Farm?” “In my opinion, it is inevitable that 
this proposed wind development, if built in this location with turbines of the 
specified size, will cause serious harm to the physical and mental health of a 
significant percentage of the surrounding population, including particularly to 
vulnerable groups such as young children, the elderly, and those with pre 
existing medical and psychiatric conditions, who live and work in the sound 
energy impact zone of this proposed Stony Gap Wind Farm (SGWF), out to a 
distance of at least 10 kilometers from the turbines, over the lifetime of the 
project. This harm will be caused directly by the audible and inaudible sound 
energy generated by the wind turbines, which will cause significant repetitive 
sleep disturbance, and physiological stress. The physiological mechanisms have 
been demonstrated in animals to be due to abnormal activation of the vestibular 
system and sympathetic nervous system by the effect of infrasound and low 
frequency noise (ILFN) on the inner ear.” (1) 
 
With my daughter’s already preexisting medical conduction these are true worries for me as her 
mom, she has had a very hard life already and I do not want to add other issues. I believe their 
needs to be more research done before these monster high wind turbines can be placed by 
people. There is already reports of health issues around the world of wind turbines that are 
shorter causing habit with people. 
 

http://windturbinechildren.org/site/the-effects-of-wind-turbines-on-children/ 

 

“This noise would also negatively affect children and adults who are severely hearing 
impaired and have a cochlear implant.  The microphone on a cochlear implant picks up noise 
from the environment, as well as speech sounds.  The constant noise from the turbines would 
severely inhibit the ability of a person with a cochlear implant to process sounds, especially 
speech. 

The intrusive sounds created by wind turbines do not only affect children with special needs, 
but also negatively affect all children.  The constant noise can negatively affect the physical 
and mental well-being of all children. The cardiovascular system, central nervous system, 
memory, language processing and cognition as well as learning abilities can all be affected by 
intrusive noises, such as the noise made from wind turbines.” 

There is no garnet that these wind turbines cannot affect kids or adults. Every single life maters! 
We shouldn’t be a percentage on a scale! 
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https://www.wind-watch.org/documents/infrasoundlow-frequency-noise-and-wind-turbines/ 
 
 
 
 
“Noise measurements for most studies and environmental assessments have been limited to 
the measurement of audible sound outside homes– using dBA weighted monitoring which is 
insensitive to infrasound frequencies. Some studies and environmental assessments have even 
relied on projected audible sound averages from computer produced models.” 
 
In real life, there are no models to predict what the sounds will be like. We have weather that has 
a low front come in or a high front. Our weather is unpredictable as well as sounds, so to use a 
computer model is not acceptable.  
 
http://wiseenergy.org/Energy/Health/Summary_references_wind_turbines_and_health_April_20
15.pdf 
 

“Wind turbines produce sound that is capable of disturbing local residents and is reported to 
cause annoyance, sleep disturbance, and other health-related impacts. An acoustical study 
was conducted to investigate the presence of infrasonic and low-frequency noise emissions 
from wind turbines located in Falmouth, Massachusetts, USA. During the study, the 
investigating acousticians experienced adverse health effects consistent with those reported by 
some Falmouth residents. The authors conclude that wind turbine acoustic energy was found 
to be greater than or uniquely distinguishable from the ambient background levels and 
capable of exceeding human detection thresholds. The authors emphasize the need for 
epidemiological and laboratory research by health professionals and acousticians concerned 
with public health and well-being to develop effective and precautionary setback distances for 
industrial wind turbines that protect residents from wind turbine sound. “ 

Prevailing winds made a comment that they have in the past not planned out where placing of the 
wind turbines, because of this who knows if they have got it right yet? With all of these issues 
that are related to wind turbines, do we know with a reasonable dot they have everything right 
yet? I feel that a three-mile set back is not too much to ask for.  

http://hearinghealthmatters.org/hearingviews/2014/wind-turbine-noise-evidence-health-
problems/ 
 
“Wind turbine noise is not known to cause hearing loss. Interestingly, though, individuals 
who have hearing disorders may be more susceptible than persons with normal hearing to 
AHEs from wind turbine noise, and people who are deaf can suffer the same ill effects as 
those who have normal hearing when exposed to wind turbine noise. The latter finding 
supports the view that infrasound, not just the audible whooshing, low-frequency noise 
emitted by wind turbines, is the cause of many of the health complaints.” 
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This is my biggest fear is that she could be more susceptible to the sound noise than a normal 
person is.  
 
 
http://hearinghealthmatters.org/hearingviews/2014/wind-turbine-noise-evidence-health-
problems/ 
 
 
“Wind turbine noise is not known to cause hearing loss. Interestingly, though, individuals 
who have hearing disorders may be more susceptible than persons with normal hearing to 
AHEs from wind turbine noise, and people who are deaf can suffer the same ill effects as 
those who have normal hearing when exposed to wind turbine noise. The latter finding 
supports the view that infrasound, not just the audible whooshing, low-frequency noise 
emitted by wind turbines, is the cause of many of the health complaints.” 
 
With my daughter’s hearing lose I am afraid of what this could due to her!  
 
Annoyance from turbine noise at 35 dBA corresponds to the annoyance reported for other 
common community-noise sources at 45 dBA. The World Health Organization (WHO) has 
concluded that observable effects of nighttime, outdoor noise levels of 40 dBA or higher will 
lead to diminished health. This also occurs when levels inside homes (especially bedrooms) 
rise above 30 dBA or contain non-steady and/or low-frequency noise.” 
  
This is the reason I am so worried about sounds. Their needs to be more implements to help 
protect kids or adults with these issuses. 
 

http://journals.sagepub.com/doi/pdf/10.1177/2331216518789551 

 

“This review considers the nature of the sound generated by wind turbines focusing on the 
low-frequency sound (LF) and infrasound (IS) to understand the usefulness of the sound 
measures where people work and sleep. A second focus concerns the evidence for mechanisms 
of physiological transduction of LF/IS or the evidence for somatic effects of LF/IS. While the 
current evidence does not conclusively demonstrate transduction, it does present a strong 
prima facia case. There are substantial outstanding questions relating to the measurement and 
propagation of LF and IS and its encoding by the central nervous system relevant to possible 
perceptual and physiological effects. A range of possible research areas are identified.” 

I believe this need to be factored in when making a decision. With long term exposer, this can 
change factors of anything.  
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“Other sources of sound include the aerodynamic noise generated by air flow across and 
leaving the trailing edge of the blades (trailing edge noise) and mechanical noise from the 
nacelle equipment. By contrast with BPF noise, the aerodynamic noise from the blades is 
broadband with a low-pass roll-off ( 5 dB per octave > 1 kHz; Figure 2 on (p2)” 

The sounds that come off wind turbines have a high effect of peoples that live next to them. With 
the sounds that are generating off of them who knows what could impact on her hearing aid. 

 
 
 

1-8)  Are you asserting the Project will negatively impact the value of 
your property? If so, provide copies of any appraisals that have been 
conducted for your property within the last ten (10) years. 

none 

1-14)  Provide all records, including but not limited to studies, reports, 
analyses and documents, relating to your opinion regarding adverse 
effects of wind turbines on hearing aids, including bone anchored 
hearing aids.  

Refer to 1-7 to many to include.	

 

1-15)  Provide any documents referred to or relied upon in your 
responses to this First Set of Data Requests.  

Provided above  

1-16)  Please consider each question ongoing and update answers to the 
extent that your testimony will be broader than identified in your 
Application for Party Status. 	

Dated this 24th day of September 2018.   

By /s/ Lisa M. Agrimonti___________ Mollie M. Smith Lisa M. 
Agrimonti FREDRIKSON & BYRON, P.A. Attorneys for Applicant  

200 South Sixth Street, Suite 4000 Minneapolis, MN 55402 Phone: 
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(612) 492-7270 Fax: (612) 492-7077  
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IN THE MATTER OF THE 
APPLICATION BY PREVAILING 
WIND PARK, LLC FOR A PERMIT OF 
A WIND ENERGY FACILITY IN BON 
HOMME COUNTY, CHARLES MIX 
COUNTY AND HUTCHINSON 
COUNTY, SOUTH DAKOTA, FOR THE 
PREVAILING WIND 

EXHIBIT 

I A~'=> 

Amended Response 

APPLICANTS FIRST SET OF DAT A 
REQUESTS TO 

INTERVENOR 

Below, please find Prevailing Wind Park, LLC's ("Applicant") First Set of Data Requests to Intervenor 

Karen Jenkins. Please submit responses within 10 business days or promptly contact the undersigned to 

discuss an alternative arrangement. 

1-1) Provide copies of all data requests submitted by the PUC Staff to you in this proceeding and copies 

of all responses to those data requests. Provide this information to date and on an ongoing basis. 

Attached 

1-2) With respect to the Project, please: 

a) Identify, if any, concerns you have regarding the Project's satisfaction of the criteria for the Project to 

receive a facility permit from the South Dakota Public Utilities Commission; and b) Identify any other 

concerns you have regarding the Project. 

Please see my Amended Response to Staff's First Set of Data Requests that I have 
forwarded to you. 

1-3 Identify whether you own property or reside in the vicinity of the Prevailing Wind Park Project 

("Project") and, if so, the location (by section, township, and range) of such property and/or 

residence. 

My husband and I own an 8 acre property with a 100+ year old farmhouse and barn 
with outbuildings in Section 30 Fair Township 97N, and Range 60W. 

1-4 If you have a residence in the vicinity of the Project, identify whether you live at the residence 

throughout the entire year and, if not, how many months of the year you reside at the residence. 

We reside here year round. 

1 
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1-5 Identify how you use your land, including, but not limited to, whether you use your land for 
agricultural purposes.  
 
We use our land as our sanctuary from urban living and as a Hobby Farm.  We also 
hay some of the acreage every year. 
 

1-6 Identify any sensitive or unique features of your property that you assert would be impacted by the 
Project.  
 
Our property has a unique 360 degree view of the landscape and our two story 
house has many large windows and doors on every side which afford us a beautiful 
and peaceful view of the rural landscape which includes tilled farmland, pastures 
with cattle grazing, a wide open view of the sky, and many types of wildlife including 
a large variety of birds, including bald eagles, cranes, the twice yearly migration of 
ducks and geese, deer, woodchucks, raccoons, coyotes, badgers, rabbits, quail, 
and pheasants.   There is a naturally fed pond just west of our house on the 
adjacent property and a creek that runs from that, through our property and on to 
the property east of us which becomes tree-lined and feeds a pond on that property.  
Both properties east and west have cows and calves grazing most of the year.  The 
adjacent north and south properties are tilled farmland which alternate from corn, 
soybeans, and alfalfa.  
Our property fulfills the dream we have shared since we married in 1984, to retire 
and live in the country, experience the seasons, enjoy the peacefulness, have a 
hobby farm, and enjoy life.  We believed we would be able to either leave a beautiful 
and valuable property to our children as an inheritance or if needed, as we age and 
become unable to maintain it, be able to sell it and use the funds from the sale to 
relocate to another lovely residence. 
 

1-7) Describe any mitigation measures that could address your concerns with respect to the Project.  

Please refer to my Amended Response to Staff’s First Request for Data that I have 
forwarded to you. 
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 1-8) Identify any documents, information, education, training, or professional experience you have 
relied upon to form your opinions concerning the Project.  Where you have relied upon documents or 
other tangible materials, please provide such documents and/or materials.  

My personal experience of the process of the development of the Beethoven Wind Farm 
and this Project.   

My personal experience of living three miles from the Beethoven Wind Farm. 

The experiences that Sherm and Lori Fuerniss have shared with me living by the 
Beethoven Wind Farm.     

Discussions I have had with individuals who live in the communities surrounding us 
regarding the offensive red blinking lights seen for miles and miles, the waste of our 
taxpayer dollars, the secrecy of the developers of the Beethoven Project (the same 
developers of the Project), and the disgust of how they deceived the communities that 
the Beethoven Project would provide many permanent jobs to the community. 

Documents and Literature 

Siting Guidelines for Wind Power Projects in South Dakota    /   Attached 

Particularly, the following paragraph was alarming to me and had a great impact on the 
opinion I have that the Project is proposed for the wrong location.   This project is in the 
Missouri River area highlighted on the map, an area that is considered unique and rare 
in South Dakota. 

“Although wind power is considered "green energy," many concerns have been 
expressed about the effects of their presence on plants and animals native to South 
Dakota. Specific areas of South Dakota have been identified as potential sites for wind 
energy development, and these sites are located in, but not limited to, the Coteau des 
Prairies in eastern South Dakota and the Missouri River in central South Dakota, which 
are unique/rare in South Dakota. Additional areas in other regions of the state may be 
identified/added by ongoing studies or further infrastructure development (e.g., 
transmission lines and substations). “ 

 

Wind Turbine Syndrome: A Report on a Natural Experiment       by Dr. Nina Pierpont       

Paradise Destroyed                                                                                                        
The Destruction of Rural Living by the Wind Energy Scam        by Gregg Hubner  
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Websites: 

SDPUC 

AWEA    /   Too many articles and too much info to attach.     

WE-CAREsd.org  website   /  Too many articles and too much info to attach 

Wind Watch.org website   /    Too many articles and too much info to attach 

INCEEUROPE   website   /   Three attachments 

1-9) Identify any expert witnesses you plan to have testify on your behalf, and for each expert witness, 
describe the subject matter regarding which the witness will testify.    

 My husband Mike Jenkins and myself may testify on our experiences of and with the 
Beethoven Wind Farm and the development of the Project, at this time no other expert 
witnesses are planned, however I reserve the right to call witnesses as the process 
unfolds. 

1-10) Are you asserting the Project will negatively impact property value? If so, provide copies of any 
appraisals that have been conducted for your property within the last ten (10) years.   

Yes, I am sure the Project will negatively impact property value.   More concerning is 
the chance that one or both of us may not be able to remain in our home, due to 
adverse health effects, or whether we would even want to remain in our home next to 
the existing Beethoven Wind Farm and this Project.  Most concerning is how we could 
ethically offer it up to anyone for sale. We depend on our home and property as our 
largest asset. 

An appraisal was done when we purchased our home and property in 2010, I do not 
have it available. 

1-11) Identify any communications, written or otherwise, you have had with units, officials, and/or 
representatives of local, state, and/or federal governments or agencies concerning the Project. 

I participated in the process of the Bon Homme County Zoning Board on Zoning and 
Met Tower, and Public Hearings in the same County regarding zoning for Industrial 
Wind Towers. 

I attended the Charles Mix County Commissioners regular hearing on August 9, 2018.  

I presented to the Hutchinson County Zoning Board my concerns of the deception of the 
developer of the Project at the regular August 2, 2018 meeting. 
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I presented to the Hutchinson County Board of Adjustment my request for protection, for 
their strong consideration of the concerns I had, and the conditions I felt needed in the 
event they would not deny the Conditional Use Permit at the Public Hearing on 
September 4, 2018. 

I amend this section to include the attachments and provide unwritten communications 
information: 

a) For any written communications, provide a copy of the communication; and  
Attached 
 

b) For any unwritten communications, provide the date of the communication, the persons 
involved, and the subject matter of the communication.  
 
 
Simple calls to confirm the meetings were on  schedule as I live 20 miles from the Hutchinson 
County Courthouse and the Bon Homme County Courthouse.  Dates not available. 
 
I amend this section to include: 
 
A call to Cliff Tjaden Hutchinson Zoning Director to request minutes of the August 6, 2018 
regular Zoning Board meeting and the minutes of the September 4, 2018 Public Hearing for the 
Conditional Use Permit requested by Applicant.    I don’t remember the date. 
 
A call to Scott Podhradsky, Deputy Attorney for Charles Mix County, to inquire about the 
agreement the Commissioners entered into with the Applicant.   August 13. 2018 I believe. 

I had interactions with public employees at Bon Homme County and Hutchinson County 
Courthouses to request minutes of the Bon Homme County Public Hearing regarding Article 17 
that had been posted twice, (but each having a different time for the hearing), to review and 
obtain public records, and to review the Application. 

 

Dated this 4th day of October, 2018 

Karen Jenkins  

28912 410th Ave 

Tripp SD   57376 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

_______________________________________     
 
 
 
 
 
 
 
 
_______________________________________ 
 
 
Below, please find my amended responses: 
 

 
* 
* 
* 
* 
* 
* 
* 
* 
 
 

 
                        

Below, please find my response to Staff’s                                                                                  
First Set of Data Requests to Intervenors.  Thank you for allowing me the extension to submit 
my response by August 24, 2018, at 5:00 pm.   

1-1) Provide copies to Staff of all data requests served on Applicant at the time of service.   

I will provide this information. 
 

1-2) Provide copies to Staff of all of your answers to data requests from Applicant at the 
time they are served on Applicant. 

I will provide this information. 
 

1-3) Refer to SDCL 49-41B-22.  Please specify particular aspect/s of the applicant's burden 
that the individuals granted party status intend to personally testify on.                               

I am in the process of reviewing the Application to find if it is sufficient 
to provide for the conditions set forth SDCL 49-41B-22.  I have not 
decided if I will testify or not. 
 
I amend this to section to include: 
I am confused about and would appreciate clarification on the process of 
developing this project which ultimately brought us here to the SDPUC.  The 
developer Prevailing Winds, LLC., submitted an application to the SDPUC for 
100 turbines and after the required public hearing was held, withdrew the 
application.  The developer then split the project into 13 different projects for the 
purpose of selling electricity, under what I believe is related to PURPA, yet the 
SDPUC considered it one project during that process.   After it was split up, how 
was it or how is it still one project?  If the Commission does not have the 
authority or jurisdiction to determine or explain this, I ask that my question be 
referred to the proper authority before the Commission makes a decision on the 
Application. 

AMENDED 

RESPONSE TO  

STAFF’S FIRST SET OF DATA 
REQUESTS TO INTERVENORS 

EL18-026    

 

IN THE MATTER OF THE 
APPLICATION BY PREVAILING 
WIND PARK, LLC FOR A PERMIT OF 
A WIND ENERGY FACILITY IN BON 
HOMME COUNTY, CHARLES MIX 
COUNTY AND HUTCHINSON 
COUNTY, SOUTH DAKOTA, FOR THE 
PREVAILING WIND 
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1-4) Refer to SDCL 49-41B-25.  Identify any “terms, conditions, or modifications of the 

construction, operation, or maintenance” that the Intervenors would recommend the 
Commission order.  Please provide support and explanation for any recommendations.   

To be clear, I recommend that the Commission deny this application.   I recommend 
this from my experience of the Beethoven Wind Farm from permitting, 
construction, to the operation of it, to date. 

If the Commission will not deny the application, I recommend the condition of a 4-
mile setback.   My support is the fact that I live 3 miles from six Beethoven Wind 
Farm Industrial Wind Turbines and the height of 586 foot turbines as the Applicant 
has chosen is unprecedented and I believe will negatively impact my husband and 
myself without the 4 mile setback. 

I amend this condition to: 

If the Commission will not deny the application, I request a 4-mile setback from 
my home (not property line, my actual home) and ask that any turbines planned 
within 4 miles of my home be removed from the project. 

A 4-mile set back, would help to diminish the cumulative effect on us, of the 
existing Beethoven Wind Farm and the proposed Prevailing Winds Park.   The 
risk of negative health effects, loss of enjoyment of our property, loss of the 
residence to be inhabitable, and the loss of the property to be marketable may be 
somewhat alieved by a 4-mile set back.    

A 4-mile set back would possibly allow us to remain on our property and negate 
the need for us to attempt to relocate. 

Additionally, of great concern to us, is the potential for future industrial wind farm 
projects around us.   Less than a 4-mile set back will set precedence for future 
industrial wind farms around us that I believe are most likely in the planning stage 
now. 

 I request the ALDS which eliminates the alarming red blinking lights at night.  If 
the FAA does not approve them, I recommend the application be denied. 

The red blinking lights are meant to alarm.  The red blinking lights on the 
Beethoven Wind Farm are a nuisance.    To have an additional 57 turbines, many 
with the alarming red blinking lights will be result in a much bigger nuisance.  The 
Applicant should be prevented from creating a nuisance. 
 
I amend this to include: 

I request the FAA approval of the actual use of the ALDS on this project prior to 

the approval of this Application or the Application be denied.   If unable to obtain 
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FAA approval of the actual use of the ALDS on this project prior to the approval 

deadline of this Application, I ask the Application be denied.   If the use of the 

ALDS on this project is in question, the project should not go forward.   The 

cumulative effect of red blinking lights from the Beethoven Wind Farm and 

Prevailing Winds Park would disturb the peacefulness of the rural landscape 

views from within nearby residences and cause alarm.  The cumulative effect of 

Beethoven Wind Farm and Prevailing Winds Wind Park would destroy the 

nighttime peacefulness of the rural landscape outside for residences nearby at 

night and as well as for residents and those traveling for miles and miles and 

miles, changing the setting from rural to industrial. 

I request a Bat Detection and Shutdown System be installed on all Industrial Wind 
Turbines in this project.    Bat fatalities negatively affect agriculture and the 
environment. 
 
I withdraw my request for a Bat Detection and Shutdown System.   
 
I request a decommissioning bond, paid for up front.   Once the Industrial Wind 
Turbines are up, they are up.   Whether or not the proposed Industrial Wind Farm 
will be lucrative enough to produce the income to provide for a bond in ten years is 
not and cannot be proven. 
 
I request a liaison person to monitor the project as it is being built to insure 
compliance and an avenue for those in the footprint to voice concerns and 
complaints.      A project of this size must have a liaison. 
 
I request a liaison person to monitor the project from the commencing of operation 
through the decommissioning.   I have not been able to reach anyone to assist me 
when I have had concerns with the existing Beethoven Wind Farm. 
 
I withdraw my request for a liaison person to monitor the project from 
commencing of operation through the decommissioning. 

I request there be no shadow flicker on non-participating residences, as shadow                                 
flicker presents a nuisance and the Applicant should be prevented from creating a 
nuisance. 

 
I request a Guarantee of Property Value to be funded and developed by the 
Applicant, subject to approval of the Property Owner to protect residents in the 
footprint and buffer zone from financial loss should the residence become unlivable 
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and / or unmarketable.     The Applicants project will have serious financial 
implications on many of the residents in the footprint and the buffer zone. 
 
I amend this to withdraw my request for a Guarantee of Property Value. 
 

1-5) Is there a specific objection (example health, blinking lights, sound) you have with 

respect to the Project?  Please briefly explain.       

I amend this section to include:    

I stated in my comments at the Public Hearing for this docket in Avon, SD on 

July 12, 2018 that as the Commissioners consider “the views of governing 

bodies of affected local units of government” to please consider this: We have 

not been represented properly by our local government. When asked by 

Commissioner Nelson which county I was referring to I responded Bon Homme.  

The Applicant makes direct reference to the Bon Homme County Zoning in the 

Application and is using that zoning to substantiate its fulfillment of burden of 

proof of the SDPUC requirement of the Applicant;  

 Applicant Responsibility  

 Applicant Responsibility The applicant that seeks the PUC’s approval must 

show its proposed project:  

• will comply with all applicable laws and rules;  

• will not pose a threat of serious injury to the environment nor to the social or 

economic condition of inhabitants or expected inhabitants in the siting area; 

 • will not substantially impair the health, safety or welfare of the inhabitants; 

and 

 • will not unduly interfere with the orderly development of the region with due 

consideration having been given to the views of 

The Bon Homme County Zoning does not adequately protect the resident’s 

health, safety, and welfare and should not be considered or relied upon to 

establish or substantiate the Applicants required burden of proof is being met. 
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I amend this section to include: 

I object to the Cumulative Effect of the existing Beethoven Wind Farm and the 

proposed Prevailing Winds Wind Park.          

   Cumulative Effect discussed in the Application Section 20 states: 

“The Prevailing Wind Park Project, in combination with the 80-MW Beethoven 

Wind Project, would result in the construction and operation of up to 104 wind 

turbines and associated access roads, collector lines, and other facilities in Bon 

Homme, Hutchinson, and Charles Mix counties. The projects would result in an 

estimated 70 acres of cumulative ground disturbance during the life of the 

projects. This disturbance acreage represents less than 0.2 percent of the 

combined acreage of both project areas. As discussed in this Application, 

impacts to the physical environment, hydrologic resources, terrestrial and 

aquatic ecosystems, and socioeconomic and community resources have been 

avoided or minimized during the siting and design of the Project. Furthermore, 

implementation of the mitigation measures identified in this Application would 

minimize potential impacts of the Project on all resources. Therefore, the 

cumulative effects of siting the proposed Project in combination with the 

Beethoven Wind Project on resources within Bon Homme, Hutchinson, and 

Charles Mix counties are not expected to be significant.” 

I am very concerned that the Commission will rely on it to use it as grounds to approve 

the Application as it did in the decision on Crocker EL17-055 under: 

FINDINGS OF FACT 
I. PROCEDURAL 

“48. Crocker has demonstrated that it will minimize and/or avoid impacts to visual 
resources. 86   For example, consistent with the South Dakota Bat Working Group's and 
GFP’s Siting Guidelines for Wind Power Projects in South Dakota for reducing impacts 
to visual resources, Crocker has collocated linear Project features such as access 
roads, crane paths, and collector and communication systems with existing 
disturbances to the extent practicable. 87 “ 
 
I refer specifically to this sentence: 
 

“Due to the presence of existing wind farms in the vicinity of the Project 
Area, significant adverse impacts to visual resources are not 
anticipated.88” 

EXHIBIT A25

 
015881



6 
 

 Clearly, the addition of another industrial wind farm will have a negative Cumulative 

Effect , not only by changing  the current view shed negatively for those in the footprint 

and the buffer zone, it will affect the view shed for miles, and miles, and miles..   It will 

change our visual of a rural setting to an industrial setting.  This is not an insignificant 

change. 

 This project would, as planned, would introduce 57 (this is the amount of turbines to be 

in the project at the time of this writing) more industrial wind turbines onto what is now a 

beautiful rural countryside.   The industrial wind turbines will be sited from twelve miles 

north to south on the projects eastern border, nine miles from east to west on the north 

and south borders, and seven miles from north to south on the western border.   This 

Cumulative Effect will certainly negatively affect residents in three Counties. This will not 

be insignificant.     

  As for our property and home; it will all encompass the west, southwest, and south of 

our view shed.  This will substantially impair the welfare of my husband and I by most 

likely causing us to try to relocate, if we could sell our home and property. 

I amend this section to include:   

As I witnessed with the developers of the Project, who were the same for the Beethoven 

Wind Farm Project, I am concerned and object to the Prevailing Winds Wind Park being 

another stepping stone, to infiltrate the areas surrounding our home with additional 

industrial wind parks thus changing our dream of rural living, that we were fortunate to 

realize, into a nightmare of living in one huge Industrial Wind Park or worse, of having to 

relocate, possibly with little means to do so. 

From the Application:  23.0 FUTURE ADDITIONS AND MODIFICATIONS (ARSD 20:10:22:25) ARSD 

20:10:22:25. Future additions and modifications. The applicant shall describe any plans for future 

modification or expansion of the proposed facility or construction of additional facilities which the 

applicant may wish to be approved in the permit.   No future additions and modifications are 

anticipated.   Prevailing Wind Park does request the turbine location flexibility and other facility 

flexibility specified in Section 8.1. 

The Project was being planned as early as or earlier than the year 2014.    I am 

concerned a third phase is being planned. 
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The nuisance of red blinking lights as mentioned above in section 1-4.     If the FAA 

will not approve the use of the ALDS the application should be denied. 

Most concerning is sound, both audible and infrasound.    There are many 

complaints about both audible and inaudible noise from Industrial Wind Turbines, 

they are well documented.   The result of negative health effects to some residents 

from both audible and inaudible noise is also well documented.   

I amend this to include LFN and sound pressure. 

Health, again the size of the Industrial Wind Turbines the Applicant has chosen is 

unprecedented.    The area and range they will impact is unknown and will likely 

cause the loss of enjoyment of property, loss of use of property, loss of the residence 

to be inhabitable, and the marketability of property will be greatly diminished. 

            What, if anything, do you feel could be done to remedy that issue? 

Deny the Application.    

If the Commissioners will not deny the application, the Commission must then 

approve the Application with conditions that will truly protect the health, safety, 

and welfare of all of the residents living in and near the footprint. 

I amend this to emphasize:  truly protect the health, safety, and welfare of all of 

the residents living in and near the footprint.   While I have specific experience of 

living near Beethoven Wind Farm I have asked for the set -back I believe to be a 

minimum to satisfy our particular situation.   I am not prepared to recommend an 

appropriate set back of others, although I would not recommend anything closer 

than 4 miles. 

 Sound should not exceed 35 decibels for non-participating residences. 

I amend this to sound should not exceed 35 dB A for non-participating 

residences and participating residences. 

Setbacks should be 4-miles from a non-participating residence.                                     

I amend this to request a 4 mile setback from our residence (not our property 
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line, specifically our home) and I request that any turbines located within 4 miles 

from our home be removed from the project plans. 

While I have specific experience of living near Beethoven Wind Farm I have 

asked for the setback I believe to be a minimum to satisfy our particular situation.    

An ALDS must be installed.  If the FAA does not approve an ALDS the application 

should be denied. 

I amend this to include:  I request the FAA approval of the actual use of the 

ALDS on this project prior to the approval of this Application or the Application be 

denied.   If unable to obtain FAA approval of the actual use of the ALDS on this 

project prior to the approval deadline of this Application, I ask the Application be 

denied.    

Please list with specificity the witnesses the Intervenors intend to call.  Please include 

name, address, phone number, credentials and area of expertise.                                         

I am still reviewing the Application and have not decided if I will call witnesses. 

I amend this to:         

I reserve the right to call witnesses or testify on behalf of myself during this 

hearing. 

1-6) Do the you intend to take depositions? If so, of whom?   Not at this time. 

I amend this to I do not intend to take depositions. 

Dated this 1st day of October, 2018 
Karen Jenkins 
28912 410th Ave 
Tripp, SD   57376 
605-680-5646 
Jenkinskd55@gmail.com 
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WIND TURBINE NOISE 2013
PROVISIONAL PROGRAMME

Tuesday 27 August 2013

13.00 – 17.00 Short Course on Noise
15.00 – 19.00 Registration
17.30 – 19.30 Exposition Reception (Joint with Noise-Con 2013)

Wednesday 28 August 2013

08.00 – 09.30   Plenary Lecture (Joint with Noise-Con 2013)
  Wind Turbines: What’s all the noise about? An American retrospective and prognostication
 Mark Bastasch, USA

Low Frequency Noise and IS: Measurements
09.45  Infrasound measurement, interpretation and misinterpretation
 Bruce Walker, USA
10.00  Measuring and analyzing wind turbine infrasound and audible immissions at a site experiencing adverse
 community response
 George Hessler, USA
10.15  The measurement of infrasound and low frequency noise for wind farms
 Steven Cooper, Australia
10.30 – 10.45 Discussion
10.45 – 11.15 Coffee Break

Low Frequency Noise and IS: Effects
11.15  Infrasound and the ear
 Geoff Leventhall, UK
11.30  A proposed theory to explain some adverse physiological effects of the infrasonic emissions at some   
 wind farm sites
 Paul D. Schomer et al, USA
11.45  Perception of low frequency components contained in wind turbine noise
 Sakae Yokoyama, Shinichi Sakamoto and Hideki Tachibana, Japan
12.00 – 12.15 Discussion
12.15 – 13.30 Lunch

Amplitude Modulation
13.30  Amplitude modulation and complaints about wind turbine noise
 Joachim Gabriel et al, Germany 
13.45  Audible amplitude modulation - results of field measurements and investigations compared to    
 psycho-acoustical assessment and theoretical research
 Mike Stigwood, Sarah Large and Duncan Stigwood, UK
14.00  Amplitude modulation noise analysis and first look at off-shore wind turbine aeroacoustics simulation   
 study
 Sidney Xue et al, China
14.15  Thump noise prediction
 Rufin Makarewicz, Poland
14.30  Application of phased array techniques for amplitude modulation mitigation
 Steven Buck, Scott Palo and Patrick Moriarty, USA
14.45 – 15.15 Discussion
15.15 – 15.45 Coffee Break

Transducers Instrumentation
15.45  Evaluation of secondary windshield designs for outdoor measurement of low frequency noise and   
 infrasound
 Kristy Hansen, Branko Zajamek and Colin Hansen, Australia
16.00  Improvement of regression analysis on wind noise effects for low frequency sound measuring in natural   
 wind
 Noboru Kamiakito et al, Japan
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16.15  How frequency response influences measurement and audibility of periodic wind turbine sound
 Werner Richarz, USA and Harrison Richarz, UK 
16.30  Wind turbine noise measurements in practice
 Carsten Thomsen and Simon Møller Nielsen, Denmark
16.45  Highly distributed data acquisition on wind turbines with PAK
 Dejan Arsic and John Huff, Germany

17.00 – 17.30 Discussion
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Thursday 29 August 2013
Session Room A

Aerodynamic Noise Generation and Control
08.00  Review of NACA 0012 turbulent trailing edge noise data at zero angle of attack
 Con Doolan and Danielle Moreau, Australia
08.15  Wind turbine noise modelling based on Amiet’s Theory
 Y. Tian, B. Cotté and A. Chaigne, France
08.30  Broadband noise prediction of small horizontal wind turbine rotor
 Bavuudorj Ovgor and Seungbae Lee, Republic of Korea
08.45  Hybrid methods for noise prediction in aeroacoustic simulations of small vertical axis wind turbines  
 Johannes Weber et al, Germany and Austria
09.00  Wake patterns and noise in a dual rotor wind turbine
 K. Asfar and A. Mahasneh, Jordan
09.15  The effect on noise emission from wind turbine due to ice accretion on rotor blades
 Peter Arbinge and Paul Appelqvist, Sweden
09.30  Noise prediction of wind turbine and low noise blade design
 Kentaro Hayashi et al, Japan 
09.45  Aeroacoustic noise mitigation investigation for wind turbine blades
 Michael Asheim, Patrick Moriarty and David Munoz, USA
10.00 – 10.30 Discussion
10.30 – 11.00 Coffee Break

Structureborne Noise/Vibration
11.00  Noise from one stage of helical gears by wind turbine load
 Chan IL Park, Republic of Korea
11.15  A validated virtual prototyping approach for avoiding wind turbine tonality
 Goris Sonja et al, Belgium and Germany
11.30  Suppression of the structure-borne sound from a wind turbine generator using active vibration control   
 devices: model experiment
 Tetsuya Miyazaki et al, Japan
11.45 – 12.00 Discussion

Source Identification
12.00  Noise source localization on a 8kW wind turbine using a compact microphone array with advanced   
 beamforming algorithm
 Rakesh Chandran Ramachandran et al, USA      
12.15  Acoustic array design for wind turbine noise measurements
 Steven Buck et al, USA
12.30  Identification of wind turbine noise through signal analysis
 Michael Medal et al, Canada
12.45 – 13.00 Discussion
13.00 – 13.45 Lunch

Session Room B

Effects of WTN on Individuals
08.00  Audit report: Literature reviews on wind turbine noise and health
 Brett Horner, Carmen Krogh and Roy Jeffrey, Canada
08.15  Wind turbine noise: What has the science told us? 
 Loren D. Knopper et al, Canada
08.30  Perception change of soundscape as wind turbine alters community sound profile 
 William K.G. Palmer, Canada
08.45  Trading off human health: Wind turbine noise and government policy
 Carmen Krogh et al, Canada   
09.00  Wind turbine facilities’ perception:  a case study from Canada
 Peter N. Cole and Carmen Krogh, Canada
09.15  Correlation between people perception of noise from large wind turbines and measured noise levels
 Federica  Andreucci et al, Italy
09.30  Masking of sage-grouse display calls by noise from wind turbines
 Scott Noel, USA
09.45 – 10.15 Discussion
10.15 – 10.45 Coffee Break
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Sound Immission Measurements Part 1
10.45  Noise’s measure inside homes generated by the functioning of wind farm in southern Italy
 Amelia Trematerra and Gino Iannace, Italy
11.00  Hiding wind farm noise in ambient measurements - noise floor, wind direction and frequency limitations  
 Steven Cooper, Australia
11.15  Tonality assessment at a residence near a wind farm
 Jonathan Cooper, Tom Evans and Dick Petersen, Australia
11.30  Evaluation of wind turbine-related noise in western New York State
 Martin T. Schiff et al, USA
11.45  The variability factor in wind turbine noise
 Jim Cummings, USA
12.00  Annoyance from wind turbine noise – what can we learn from different assessment methods? 
 Sabine von Hünerbein, UK
12.15 – 12.45 Discussion
12.45 – 13.45 Lunch

Sound Immission Measurements Part 2
13.45  Simultaneous indoor low-frequency noise, annoyance and direction of arrival monitoring
 Branko Zajamsek et al, Australia
14.00  Generating a better picture of noise immissions in post construction monitoring using statistical analysis  
 Payam Ashtiani, Canada
14.15  Wind farm noise commissioning methods: A review of methods based on measuring at receiver locations  
 Christophe Delaire et al, Australia
14.30  Assessment of wind turbine noise in immission areas
 Hideki Tachibana, Hiroo Yano and Akinori Fukushima, Japan
14.45 – 15.15 Discussion
15.15 – 15.45 Coffee Break

Sound Emission Measurements
15.45  Wind turbine noise measurements - how are results influenced by different methods of deriving wind speed?  
 Sylvia Broneske, UK
16.00  RoBin: Meeting the requirements of the IEC 61400-11 standard for measuring the acoustic emission of wind  
 turbines with a one-man operated system
 D. Vaucher De La Croix, France and T. Klaas, Germany
16.15  Tonality in wind turbine noise. IEC 61400-11 ver. 2.1 and 3.0 and the Danish/Joint Nordic method compared  
 with listening tests
 Lars Sommer Søndergaard and Torben Holm Pedersen, Denmark 
16.30  The production of a good practice guide to assess wind turbine noise in the United Kingdom using   
 ETSU-R-97
 Richard Perkins et al, UK
17.00 – 17.30 Discussion
19.00 – 22.30 Reception and Banquet at Denver Art Museum
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Friday 30 August 2013

Propagation Wind Effects Modelling Part 1
08.30  Sound propagation from wind turbines under various weather conditions
 Olof Öhlund and Conny Larsson, Sweden
08.45  Proposed method for characterizing wind turbine noise and their dependence on meteorological effects for  
 validation of existing studies
 David S. Woolworth, Roger Waxler and Jeremy Webster, USA
09.00  Wind farm layout optimization in noise constrained areas
 Andrew Brunskill, Canada
09.15  Validation of WindPRO implementation of Nord2000 for low frequency wind turbine noise
 Lars Sommer Søndergaard and Thomas Sørensen, Denmark
09.30  Environmental noise assessment of proposed wind farms using annual average Ldn
 Mark Bliss, Canada 
09.45 – 10.00 Discussion
10.00 – 10.30 Coffee Break

Propagation Wind Effects Modelling Part 2
10.30  Accuracy of noise predictions for wind farms
 Jonathan Cooper and Tom Evans, Australia
10.45  Large-scale calculation of possible locations for specific wind turbines under consideration of noise limits  
 Fabian Probst, Wolfgang Probst and Bernd Huber, Germany
11.00  The new good-practice-guide to help assessment of wind turbine noise in Finland
 Denis Siponen et al, Finland
11.15  Physics based spatial acoustics in virtual scenes with application to wind farm noise
 Kevin Nelson and Steven G. Mattson, USA
11.30 – 11.45 Discussion
11.45 – 13.00 Lunch

Regulations & Policies Part 1
13.00  Which limits for wind turbine noise? A comparison with other types of sources using a common metric     
 Gaetano Licitra and Luca Fredianelli, Italy
13.15  International legislation and regulations for wind turbine noise
 Kevin Fowler, USA, Erik Koppen,The Netherlands and Kyle Matthis, USA
13.30  New environmental regulation for wind turbines in Flanders (Belgium)
 Arjan Goemé, Belgium
13.45  Danish regulation of low frequency noise from wind turbines
 Jørgen Jakobsen and Jesper Mogensen, Denmark
14.00  Low frequency noise from wind turbines: Do the Danish regulations have any impact? 
 Bo Søndergaard, Denmark
14.15 – 14.30 Discussion
14.30 – 15.00 Coffee Break

Regulations & Policies Part 2
15.00  Low frequency noise proposed wind farm in Maastricht, The Netherlands
 Erik Koppen, The Netherlands
15.15  How does noise influence the design of a wind farm? 
 Matthew Cassidy, Alden D’Souza and Jeremy Bass, UK
15.30  Wind power development trends in Denmark: Targets, legislation and social acceptance
 Karina Lindvig, Denmark
15.45  Projected contributions of future wind farm development to community noise and annoyance levels in Ontario,  
 Canada
 Melissa L. Whitfield Aslund, Christopher A. Ollson and Loren D. Knopper, Canada
16.00  State of wind turbine developments in northeastern USA – 2013
 James D. Barnes, Marc S. Newmark and Bill Yoder, USA
16.15  Recent developments in wind farm noise in Australia
 Chris Turnbull and Jason Turner, Australia
16.30 – 17.00 Discussion
17.00 – 17.15 Closing Ceremony
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Siting Guidelines for Wind Power Projects in South Dakota 
 
 
Introduction 

The South Dakota Bat Working Group in cooperation with the Department 
of South Dakota Game, Fish and Parks compiled these siting guidelines for wind 
power developers and other stakeholders to utilize as they consider potential 
wind power sites in South Dakota. Wind power siting and permitting processes 
vary by county and/or city. The Public Utilities Commission has agreed to 
distribute siting guidelines to all stakeholders involved in the development of wind 
power in South Dakota, since at this time no state environmental regulations 
exist in association with siting of wind turbines.  

 
Wind siting guidelines relevant to South Dakota were adapted from the 

National Wind Coordinating Committee’s (NWCC) Permitting of Wind Energy 
Facilities: A Handbook and the Kansas Renewable Energy Working Group 
(KREWG) Environmental and Siting Committee’s Siting Guidelines for 
Windpower Projects in Kansas. The National Wind Coordinating Committee’s 
guidelines are available online at the following website address:  
http://www.nationalwind.org/publications/siting.htm  and the Kansas Renewable 
Energy Working Group’s guidelines are available online at the following address: 
http://www.kansasenergy.org/krewg/reports/KREWGSitingGuidelines.pdf.      
 

South Dakota’s guidelines address activities and concerns associated with 
siting and permitting wind turbines. Successfully siting a wind power project often 
relies on trade-offs between community acceptability and economic viability, 
which relates to adequate communication.  

 
Although wind power is considered "green energy," many concerns have 

been expressed about the effects of their presence on plants and animals native 
to South Dakota. Specific areas of South Dakota have been identified as 
potential sites for wind energy development, and these sites are located in, but 
not limited to, the Coteau des Prairies in eastern South Dakota and the Missouri 
River in central South Dakota, which are unique/rare in South Dakota. Additional 
areas in other regions of the state may be identified/added by ongoing studies or 
further infrastructure development (e.g., transmission lines and substations).  
 

Wind energy issues in South Dakota are similar to those in other states. 
Most residents of South Dakota respect their local resources, wildlife, and 
environment, and have concerns regarding the exploitation and/or degradation of 
those resources. Developers, recognizing the opportunity to establish renewable 
energy generation facilities, may not be aware of concerns expressed by 
agencies, groups, or individuals regarding wind farm impacts. Each project 
should be evaluated on a case by case basis. Cumulative impacts will 
undoubtedly accrue as development proceeds within regions (e.g., Missouri 
River, Coteau des Prairies, Prairie Pothole) and across the state. These  
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cumulative effects may differ in type and significance from those experienced at 
individual project sites. In particular, the cumulative effects on natural and 
biological resources, such as habitat (e.g., native prairie) and wildlife (e.g., birds 
and bats), require consideration from all stakeholders; however, impacts on other 
resources are also important. For further development and sustainability of the 
wind energy industry, it is important by all stakeholders to evaluate the context of 
the collective merits of all projects. 

 
Most guidelines within this document are issues and concerns identified 

by other parties, e.g., NWCC and KREWG, which are shared in South Dakota, 
but some guidelines are tailored to address the concerns and issues specifically 
to this state. These guidelines address issues/concerns associated with the pre-
construction, construction or post-construction of wind turbines and have been 
divided into eleven general categories:  

 
1) Land Use 

2) Natural and Biological Resources  

3) Noise  

4) Visual Resources  

5) Public Interaction  

6) Soil Erosion and/or Water Quality  

7) Health and Safety  

8) Cultural, Archaeological, and Paleontological Resources  

9) Socioeconomic, Public Service, and Infrastructure  

10) Solid and Hazardous Wastes 

11) Air Quality and Climate. 

 
The guidelines outlined in this document are neither mandates nor 

regulations. They have been compiled/developed: 1) to encourage developers to 
select potential wind sites using a process that is acceptable to all stakeholders 
(e.g., state agencies/departments, federal agencies, sportsmen/women groups, 
local communities, developers, landowners, wildlife advocacy groups, and/or 
tribal agencies); 2) to protect South Dakota rare/unique areas (e.g., Coteau des 
Prairies, Missouri River, and Prairie Potholes) and thus the state’s natural 
beauty; 3) to minimize deleterious effects to wildlife; 4) to help provide 
information to all involved/interested parties; and 5) to promote a responsible, 
guided, uniform approach to the siting of wind power projects in South Dakota. 

 
 
 

2
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1) Land Use - Wind development may be compatible with a variety of other land 
uses, including agriculture, grazing, open space, and habitat conservation, 
depending on the site, size, and design of the project. Other land uses, such 
as hunting/fishing, bird watching, and wildlife photography as well as resource 
values need to be considered when siting large wind projects in remote areas 
of South Dakota. Stakeholders need to understand all the land use issues 
associated with a site before finalizing development plans, permit conditions, 
or other requirements. 
a) Contact resource agencies (Table 1), property-owners and other 

stakeholders early to identify potentially sensitive land uses and issues. 
Ensure that all the stakeholders fully understand the entire project in order 
to address and resolve potential land use issues.  

 
b) Look at all the land use relationships and objectives for an entire wind 

resource area. Land use concerns are specific to different regions of 
South Dakota thus early scoping and planning is crucial to reducing 
potentially incompatible uses. Contact appropriate experts (Table 2) and 
resource agencies to research and evaluate the issues prior to selecting a 
specific site within the respective region.  

 
c) Careful consideration should be given to the impact of wind power projects 

in areas that are unique/rare in South Dakota, such as the Missouri and 
Prairie coteaus (Figure 1), the Prairie Pothole region and the Missouri 
River. Special care should be given to avoid damage to unfragmented 
landscapes and high quality remnants in wetland and prairie ecosystems 
(e.g., tall grass, mixed grass, and short grass prairie). If possible, wind 
energy development should be located on already altered landscapes, 
such as cultivated or developed lands. An undeveloped buffer adjacent to 
intact prairies is also desirable. 

 
d) Consider the potential impacts of both wind and non-wind (e.g., roads, 

transmission lines, substations) project development in the wind resource 
area before development projects are proposed, and develop a plan for 
the area that avoids or minimizes land use conflicts. Design the project 
site layout to limit the use of the land, consolidate necessary infrastructure 
requirements wherever possible, and evaluate current transmission lines 
and market access. 

 
e) Learn the rules that govern where and how a wind project may be 

developed in the project area. Become aware of potential conflicts 
between lease provisions and permitting agency (e.g., The Public Utilities 
Commission and/or local governments) conditions for project 
development. 
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2) Natural and Biological Resources - Bird and bat collision mortality and 
behavioral avoidance associated with wind energy facilities have been a 
controversial siting consideration. Typically, bats have a higher incidence of 
mortalities at wind energy sites than birds, though this depends on the site. 
Biological resource surveys at each potential wind power site in the early 
stages of planning can help determine whether serious conflicts are likely to 
occur at a particular site, but cumulative effects with multiple sites in a 
particular region/area must also be acknowledged and/or investigated and 
minimized/avoided. In some instances, the impact wind turbines have on 
birds, bats, and other sensitive biological resources can be adequately 
mitigated. However, wind development may be inappropriate in certain areas 
in South Dakota. 
a) Consider the biological setting early in project evaluation and planning. 

Use biological and environmental experts to conduct a preliminary 
biological reconnaissance of the likely site area. Communicate with 
personnel from wildlife agencies (e.g., South Dakota Game, Fish and 
Parks (SDGFP), U. S. Fish and Wildlife Service, U. S. Geological Survey, 
and Natural Resources Conservation Service; Table 1) and universities 
(e.g., South Dakota State University, University of South Dakota, Dakota 
State University, Black Hills State University, and Northern State 
University; Table 2). If a proposed turbine site has a large potential for 
biological conflicts and an alternate site is eventually deemed appropriate, 
the time and expense of detailed wind resource evaluation work may be 
lost. 

 
b) Contact the local resource management agency (e.g., local South Dakota 

Conservation District and SDGFP regional office, Appendix A) early in the 
planning process to determine if there are any resources of special 
concern in the area under consideration. 

 
c) Involve local environmental/natural resources groups (e.g., South Dakota 

Wildlife Federation, local chapters of Audubon Society, local chapters of 
The Wildlife Society, Izaak Walton League, The Nature Conservancy, 
South Dakota Bat Working Group, Ducks Unlimited, United Sportsmen for 
South Dakotans; Table 3) as soon as practicable. Early involvement of 
these organizations may provide additional resource information as well 
as minimize potential conflicts. 

 
d) Avoid unnecessary ecological impacts of wind power development 

through proper planning. Examine landscape levels of key wildlife 
habitats, migration corridors, staging/concentration area, and 
breeding/brood-rearing areas to help develop general siting strategies. 
Situate turbines so they do not interfere with important wildlife movement 
corridors and staging areas. 
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e) Avoid large, intact areas of native vegetation. Sites where native 
vegetation is scarce or absent will have substantially fewer biological 
resource concerns. 

 
f) Careful review should be given to sites with legally protected wildlife (e.g., 

state or federal threatened or endangered species, migratory birds) 
present or potentially present. Recognize that other declining or vulnerable 
species (not legally protected) may also be present. Investigate wildlife 
issues associated with each potential wind energy site and determine the 
apparent impacts of each potential wind energy site on species of 
concern.  

 
g) Avoid lattice-designed towers or other designs providing perches for avian 

predators. Avoid placing perches of any sort on the nacelles of turbines. 
Address potential adverse affects of turbine warning lights on migrating 
birds and bats. Minimize effects of meteorological towers when 
investigating wind energy potential by using tubular monopoles rather than 
lattice structures with guy wires and lighting systems, which could 
represent a hazard to birds.  

 
h) Bury power lines and/or place turbines near existing transmission lines 

and substations, where possible. Infrastructure should be able to 
withstand periodic burning of vegetation, where prescribed burns are 
practiced. Minimize number of roads and fences. 

 
i) Mitigate for habitat loss in areas where there is ecological damage in the 

siting of a wind power facility. Appropriate actions include but are not 
limited to ecological restoration, long-term management agreements, 
conservation easements, or fee title acquisitions to protect lands with 
similar or higher ecological quality as that of the wind power site. 

 
j) Consider possible cumulative regional impacts from multiple wind energy 

projects when conducting environmental assessments and making 
mitigation decisions. Evaluation of these impacts could result in significant 
changes to project plans.  

 
k) Consider turbine designs (e.g., wind turbines with tubular monopoles 

rather than lattice structures with guy wires) or deterrents, which minimize 
potential impacts on flying animals such as birds and bats.  

 
l) Consider timing of construction and maintenance activities (including 

mowing) to minimize impacts on native flora (plants) and fauna (animals), 
including ground-nesting birds. Avoid construction and maintenance 
activities during breeding season (April to July) and, if possible, during 
migration (April – June and August – October).  

 

5

EXHIBIT A25

 
015894



m) Develop a stringent plan for preventing the introduction or establishment 
of non-native/invasive flora (plants) in disturbed areas and establishing the 
financial means to do so the duration of the wind power project. 

 
3) Noise - Noise emitted by wind turbines tends to be masked by the ambient 

(background) noise from the wind itself and tends to fall off sharply with 
increased distance, therefore noise-related concerns are likely to occur at 
residences closest to the site, particularly those sheltered from prevailing 
winds. Advanced turbine technology and preventive maintenance can help 
minimize noise during project operation. 
a) Design projects with adequate setbacks from dwelling units, especially 

where the dwelling unit is in a relatively less windy or quieter location than 
the turbine(s). Recognize that residents who object to noise created by 
wind energy may replace residents who support wind systems. Efforts 
should be made to place the turbines in disturbed areas (e.g., croplands) 
as stated above. 

 
b) Avoid locating marginally noisy turbines in projects with nearby 

residences. In areas potentially sensitive to acoustic levels, e.g., nearby 
residences or natural surroundings, consider taking efforts to prevent 
problems by upgrading turbines with sound reduction technology. 

 
4) Visual Resources - There are ways to reduce the visual impact of wind 

projects, but there may be tradeoffs to consider. One of the best tools for 
assessing project impact is the use of visual simulations. 
a) Consider visual impact of wind power projects when siting turbines. 

Evaluate the impact of siting turbines on the quality of the surrounding 
landscape, especially in areas where aesthetic qualities and/or 
neighboring properties might be affected. Prepare and use visual 
simulations and/or viewshed analyses to provide information to 
landowners, the general public, and other key stakeholders to identify 
potential impacts to visual resources from wind power developments.  

 
b) Educate all stakeholders about what to expect from a wind project.  
 
c) Prepare to make impact tradeoffs and coordinate planning efforts in all 

jurisdictions and with all stakeholders.  
 
d) Listen to the communities and stakeholders in all project phases and be 

prepared to adapt design to minimize industrial characteristics and 
structures and minimize visual exposure from sensitive areas. 

 
e) Minimize the need for developed roads or cut and fill techniques. Consider 

possibilities and benefits of using roadless project designs or designs 
relying on current roads, especially in remote or sensitive visual areas. 
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f) Identify designated scenic byways and popular landscapes and avoid 
siting turbines in areas that are readily visible from those sites. Priority 
should be given to wind power projects in sites where the natural 
landscape has already experienced significant change from human-
related causes.  

 
5) Public Interaction - It is important to inform all stakeholders of the benefits and 

tradeoffs associated with each wind power project, therefore wind projects 
entail public involvement. This makes it easier for all stakeholders to 
communicate and cooperative with each other in order to make informed 
decisions in the best interest of all parties.  
a) Prepare and implement a public education program to discuss the benefits 

and tradeoffs involved in wind generation.  
 
b) Provide objective information or access to objective information that allows 

interested parties to make informed decisions. Decision making by all 
stakeholders is enhanced through accurate and comprehensive 
information sharing and opportunities for communication between 
stakeholders. Invite public input in regards to wind power projects through 
public meetings and public forums. 

 
6) Soil Erosion and/or Water Quality - Temporary and permanent soil 

disturbance results from wind projects. Care must be taken to estimate and 
control both runoff and erosion from each wind power site, particularly in 
areas where access roads and facilities are located in steep terrain, 
especially near waterways (e.g., creeks and rivers) and wetlands. 
a) Minimize the footprint of the project and evaluate alternative turbine pad 

and access road siting and layouts. Minimize improved roads and 
construction staging areas and avoid sensitive habitats (e.g., native 
prairies and wetlands).  

 
b) Preferably conduct construction and maintenance of wind power sites 

when the ground is frozen or when soils are dry and the native vegetation 
is dormant. Conduct ongoing operation and maintenance activities, as 
practical, by using light conveyances in order to minimize habitat 
disturbance and the need for improved roads.  

 
c) Whenever possible, avoid road construction on steep slopes. 
 
d) When selecting the appropriate erosion control measures, be aware that 

although some measures may require greater initial expense, significant 
savings will occur over the life of the project in reduced maintenance and 
replacement costs. Furthermore, a well-developed erosion and sediment 
control plan may also reduce regulatory delays in approving and 
monitoring the project. 
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e) Use certified weed-free seed of local ecotypes of native vegetation when 
reseeding disturbed areas and consider revegetation re-growth and cover. 
Consider animal and plant compositions when determining the frequency 
and timing of mowing near turbines. 

 
7) Health and Safety - Most of the safety issues associated with wind energy 

projects can be dealt with through adequate setbacks, security, safe work 
practices, and the implementation of a fire control plan. 
a) Consider safety setback distances from wind turbines and habitable 

dwellings, public highways, and property lines when evaluating specific 
parcels for development. Setbacks should provide adequate spacing from 
falling ice, blown turbine parts, and major structural failure, which can 
mitigate siting issues.  

 
b) Design facilities and turbine pads to prevent or avoid public and worker 

safety problems. Consider the benefits of underground wiring between 
turbines and project substation. 

 
8) Cultural, Archaeological, and Paleontological Resources - During project 

design and site development, important cultural and fossil resource sites 
should be avoided and protected or else a mitigation plan should be 
developed. Special care should be taken to preserve the confidentiality as 
well as the integrity of certain sensitive resources or sites sacred to Native 
Americans. 
a) Identify and avoid potentially sensitive cultural, historical, or pre-historical 

resources and involve all stakeholders early on.  
 
b) Consult with the South Dakota State Historical Society (Table 1) and other 

qualified professional specialists familiar with cultural and fossil resources 
in the project development area. 

 
c) Some sensitive resources and sites may be confidential to Native 

Americans. Respect this confidentiality and work closely with tribal 
representatives to protect these resources by avoiding disruption to these 
sites. 

 
d) Design project site layout to avoid sensitive resources, if possible.  
 
e) Prepare a monitoring and mitigation plan for protection of sensitive 

resources during construction and operation of the project. Require 
appropriate mitigation of unavoidable impacts and monitor to ensure 
measures are implemented. 

 
f) Allow adequate time in the project schedule for data and specimen 

recovery, mapping, analysis, and reporting. 
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9) Socioeconomic, Public Services, and Infrastructure - Developers and other 

stakeholders should coordinate with local communities and/or agencies to 
determine how the project may affect the community’s fire protection and 
transportation systems and nearby airports and communications systems. 
Communities should work with wind project developers to ensure that any 
financial burden placed on them will be compensated through 
appropriate/reasonable property tax or other revenues. 
a) Identify any community services, costs, and infrastructure that may be 

affected by a project and work to involve all stakeholders in solving any 
conflicts and designing mitigation plans. Work with all the concerned 
stakeholders to develop appropriate mitigation for unavoidable impacts 
and monitor compliance to ensure the measures are implemented. 
Attempt to avoid or minimize potential impacts on community services, 
costs, and infrastructure. 

 
b) House Bill 1235, passed during Legislative Session 2003, is an act to 

provide for the taxation of wind energy property in South Dakota, 
encouraging developers to build in South Dakota yet help local 
communities. As any changes to the property tax rate are considered, 
local taxing jurisdictions should seek to recover only those costs directly 
associated with services to the wind development to avoid discouraging 
new wind projects. Involve local communities in economic plan and work 
to be good neighbors. 

 
c) Recognize that some districts, counties, and/or cities do not have an 

established zoning and/or permitting process applicable to wind power 
development. Do not exploit this fact rather work with appropriate local 
officials to establish reasonable parameters and make the process as 
clear to the public as possible.  

 
d) Use local contractors and providers for supplies, services, and equipment, 

when possible, during the construction and operation phases of the 
project.  

 
e) Acknowledge that there may not be specific needs by local communities 

for electricity generated by the proposed wind power project, therefore 
substantive public benefits should be provided beyond hosting the 
renewable energy facility. 

 
f) Provide information to all stakeholders in regards to future project 

expansions to ensure all stakeholders have precise information. 
Recognize that developers may not be fully informed about future 
expansions and stakeholders may have issues and concerns that are 
dependent on the project scale.  
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g) Expanded projects may involve impacts not specifically addressed during 
the initial project. Anticipate and make provisions for future site 
decommissioning and restoration.  

 
10) Solid and Hazardous Wastes - Solid wastes need to be collected from 

dispersed sites and properly disposed of in a manner consistent with other 
power plants or facilities. Non-hazardous fluids should be used where 
possible, and a Hazardous Materials Waste Plan should be developed if their 
use cannot be avoided. By performing major maintenance and repair work 
off-site, certain problems can be avoided. 
a) Ensure that construction wastes are collected from all wind power sites 

and disposed of at a licensed facility. Waste disposal practices should not 
be different in wind power from those required at other power plants or 
repair facilities. 

 
b) Anticipate fluid leaks and avoid hazardous leaks by using non-hazardous 

fluids. Design a Hazardous Materials Waste Plan to address avoidance, 
handling, disposal, and cleanup, when necessary.  

 
c) Conduct turbine maintenance facilities and major turbine repairs off-site. 
 

11)  Air Quality and Climate - Wind projects produce energy without generating 
many of the pollutants associated with fuel combustion. Temporary, local 
emissions associated with project construction and maintenance can be 
minimized, and any micro-climatic impacts should be insignificant. 
a) Address air quality issues potentially associated with construction and 

operation of the wind generation project. Mitigate any impacts during 
sensitive operations so the overall impact is relatively small and 
temporary. 
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Name Specialty Agency Address Telephone Email

Silka Kempema Birds and Bats SDGFP 523 E Capitol Ave 605-773-2742 silka.kempema@state.sd.us
Pierre, SD 57501

Natalie Gates Federal Wildlife Regulations USFWS 420 South Garfield Avenue, Suite 400 605-224-8693 natalie_gates@fws.gov
Pierre, SD 57501

Jill Shaffer Bird Research USGS/NPWRC 8711 37th St. SE 701-253-5547 jshaffer@usgs.gov
Jamestown, ND 58401

Ken Higgins Grassland Birds USGS/SDSU Dept of Wildlife & Fisheries Sciences 605-688-6121 terry_symens@sdstate.edu
Box 2140B, 
Brookings, SD 57007

Kevin Luebke Wildlife Conservation NRCS 200 4th St SW 605-352-1242 kevin.luebke@sd.usda.gov
Huron, SD 57350

Great Plains Office Diane Mann-Klager BIA 115 4th Ave SE 605-226-7343 Diane.Mann-Klager@bia.gov
Aberdeen, SD 57401

Paige Hoskinson Archeology SHPO 900 Governors Drive 605-773-6004 paige.hoskinson@state.sd.us
Pierre, SD 57501

Table 1.  Contact information for agencies in South Dakota.
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Name Specialty Organization Address Telephone Email

Scott Pedersen Bats SDSU Dept of Biology 605-688-5529 scott_pedersen@sdstate.edu
Box 2207B
Brookings, SD 57007

Cheryl Schmidt Bats BS BioServ, Inc. 18897 Eichler Rd 605-456-1470 cschmidt@bsbioserv.com
Newell, SD 57760

Joel Tigner Bats Batworks 2416 Cameron Drive 605-721-4564 batworks@rushmore.com
Rapid City, SD 57702

Kristel Bakker Birds DSU Dept of Biology 605-256-5182 kristel.bakker@dsu.edu
SC 128
Madison, SD 57042

Kent Jensen Birds SDSU Dept of Wildlife & Fisheries Sciences 605-688-6121 kent.jensen@sdstate.edu
Box 2140B
Brookings, SD 57007

Dave Swanson Birds USD Dept of Biology 605-677-5211 dlswanso@usd.edu
191 Churchill-Laines Labs
Vermillion, SD 57069

Dan Tallman Birds NSU Dept of Biology; emeritus professor 605-626-7707 tallmand@northern.edu
1200 South Jay Street
Aberdeen, SD 57401

Corey Huxoll Eagles SDGFP 523 E Capitol Ave 605-773-4195 corey.huxoll@state.sd.us
Pierre, SD 57501

Rocco Murano Waterfowl SDGFP South Dakota State Univeristy 605-688-4786 rocco.murano@state.sd.us
Brookings, SD 57007

Dennis Skadsen Butterflies SDACD/Day Co. 600 Hwy 12, Suite 1 605-345-4661 dennis.skadsen@sd.nacdnet.net
Webster, SD 57274

Table 2.  Contact information for experts and/or universities in South Dakota
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Table 2.  Contact information for experts and/or universities in South Dakota, cont.

Name Specialty Agency Address Telephone Email

Paul Coughlin Habitat SDGFP 523 E Capitol Ave 605-773-4194 paul.coughlin@state.sd.us
Pierre, SD 57501

Dave Ode Native Plants SDGFP 523 E Capitol Ave 605-773-4227 dave.ode@state.sd.us
Pierre, SD 57501

Dan Hubbard Wetlands SDSU Dept of Wildlife & Fisheries Sciences 605-688-4780 hubbardd@sdstate.edu
Box 2140B
Brookings, SD 57007

Tim Olson Wetlands SDGFP 523 E Capitol Ave 605-773-3658 tim.olson@state.sd.us
Pierre, SD 57501

Karen Gaines Landscape Ecology USD Dept of Biology 605-677-6567 kfgaines@usd.edu
414 E Clark, 
Vermillion, SD 57069

Carter Johnson Landscape Ecology SDSU Dept of Horticulture, Forestry & Parks 605-688-4729 carter_johnson@sdstate.edu
NPB 201, Box 2140A
Brookings, SD 57007

Holly Downing Dean of Dept BHSU Dept of Biology 605-642-6056 hollydowning@bhsu.edu
Jonas Rm 108
Spearfish, SD 57799
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Table 3.  Contact information for environmental/wildlife interest groups in South Dakota.

Name Agency Address Telephone Email

Rick Warhurst/Paul Bultsma Ducks Unlimited (Great Plains) 22525 River Rd 701-355-3500 rwarhusrt@ducks.org
Bismarck, ND 57503 pbultsma@ducks.org

Pete Bauman The Nature Conservancy (Tallgrass Prairie) PO Box 816, 605-874-8517 pbauman@tnc.org
Clear Lake, SD 57226

Bob Paulson The Nature Conservancy (Black Hills) 8100 Sheridan Lake Rd 605-342-4040 bpaulson@tnc.org
Rapid City, SD 57702

Brad Phillips South Dakota Bat Working Group 3406 Ivy Ave 605-721-6607 bphillips@rushmore.com
Rapid City, SD 57701

Jerry Schlekeway South Dakota Chapter of Izaak Walton League 1008 N Huron Ave.  605-224-7780 gschlek@pie.midco.net
Pierre, SD 57501-1438

Kurt Forman South Dakota Chapter of The Wildlife Society 419 Hunters Ridge 605-692-8359 sdtws@brookings.net
Brookings, SD 57006

Chris Hesla South Dakota Wildlife Federation PO Box 7075, 605-224-7524 sdwf@pie.midco.net
Pierre, SD 57501

Dave Johnson Missouri Breaks Audubon Society PO Box 832 mbas@pie.midco.net
Pierre, SD 57501

Richard Barnett United Sportsmen for South Dakotans PO Box 526
Aberdeen, SD 57402
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Appendix A.  Local resource management agency contacts.

Name/Title Agency Address Telephone Email

Mike Kintigh/Regional Supervisor SDGFP Region 1 3305 West South St 605-394-6837 mike.kintigh@state.sd.us
Rapid City, SD 57702

Arden Petersen/Regional Supervisor SDGFP Region 3 4500 S Oxbox Ave 605-362-2706 arden.petersen@state.sd.us
Sioux Falls, SD 57106

Cliff Stone/Regional Supervisor SDGFP Region 2 1550 King Ave 605-734-4532 cliff.stone@state.sd.us
Chamberlain, SD 57325

Doug Alvine/Regional Supervisor SDGFP Region 4 400 West Kemp 605-882-5201 doug.alvine@state.sd.us
Watertown, SD 57201

Head Office SDACD PO Box 515 605-895-4099 info@sdconservation.org
Presho, SD 57568

Private lands biologist USFWS Partners for Fish & Wildlife PO Box 247 605-697-2500 kurt_forman@fws.gov
Brookings, SD 57006

Manager USFWS Waubay NWR 44401 134A St 605-947-4521 douglas_leschisin@fws.gov
Waubay, SD 57273

Manager USFWS Sand Lake NWR 39650 Sand Lake Drive 605-885-6320 sandlake@fws.gov
Columbia, SD 57433

Manager USFWS Lacreek NWR HC5 Box 114 605-685-6508 lacreek@fws.gov
Martin, SD 57551

Manager USFWS Lake Andes NWR 38672 291st Street 605-487-7603 LakeAndes@fws.gov
Lake Andes, SD 57356

Manager USFWS Madison WMD PO Box 48 605-256-2974 MadisonWetlands@fws.gov
Madison, SD 57042

Manager USFWS Huron WMD Rm 309 Federal Bldg 605-352-5894 HuronWetlands@fws.gov
200 4th St SW
Huron, SD 57350
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Appendix B.  Acronyms used in tables and appendices.

Acronyms Description

BHSU Black Hills State University
BIA Bureau of Indian Affairs
DSU Dakota State University
NPWRC Northern Prairie Wildlife Research Center
NRCS Natural Resources Conservation Service
NSU Northern State University
NWR National Wildlife Refuge
SDGFP South Dakota Game, Fish and Parks
SDACD South Dakota Association of Conservation Districts
SDSU South Dakota State University
SHPO State Historic Preservation Office
USD University of South Dakota
USFWS U. S. Fish and Wildlife Service
USGS U. S. Geological Survey
WMD Wetlands Management District
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SEVENTH INTERNATIONAL CONFERENCE 

ON 
WIND TURBINE NOISE 

 
 

ROTTERDAM 2ND TO 5TH MAY 2017 

POST CONFERENCE REPORT 

 

Another intensive four days of conference but still time to meet old friends and make new 
ones.  The venue at de Doelen worked well and the food and refreshments were good 
and varied.  Thanks to Daniele Ragni and his team at TU Delft for all their help;  also to 
Gijsjan van Blokland and NAG (the Acoustical Society of the Netherlands) and Eric 
Roelofsen and NSG (the Dutch Noise Abatement Society) for their support. 

A few statistics.  195 delegates.  Can’t quite break that 200 ceiling.  We have had one 
hundred and ninety something at the last four events.  80% from Europe with 38 
delegates from Germany topping the country league for the first time.  But not to dismiss 
the huge support we have from outside Europe with 40 delegates.  We do have a record 
this year with delegates from 27 different countries, so we are truly international.  

The make up of delegates is changing.  More manufacturers and industry people this 
time.  Are delegates getting younger?  I think so, or is it just me getting older?  A few 
more women this year, but still only around 20%.  It would be nice to see more next 
time. 

We had 76 papers – just under 40% of delegates presented.  That’s a bit lower than 
2015 and eased the pressure on the programme a bit – allowing us to have a guest 
speaker – professional miller Willem Roose to tell us the story of windmills.  And an extra 
workshop on cyclical pitch control (CPC) – of which more later. 

The two evening workshops were well attended - the first on propagation and other 
poster subjects and the second run by TU Delft and GRAS on the Aeroacoustic 
Investigation of Noise Sources.  Thanks to everyone who organised and contributed to 
those. 

We invited papers on Shadow Flicker this year as there does not seem to be any other 
forum where this can be discussed.  We had four good papers and hope to repeat it next 
time. 

I said in my last post conference report in 2015 that 4 days is really too long.  I know 
that many people can’t get that much time off.  We will see how things develop next time 
but, if we can bring it down to three full days without compromising the programme we 
will certainly consider that. 

Finally, the conference dinner was held on the 90 year old paddle steamer Majesteit as it 
toured the Rotterdam river and docks.  Excellent food and craic. 
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SEVENTH INTERNATIONAL CONFERENCE 

ON 
WIND TURBINE NOISE 

 
 

WHERE ARE WE NOW – AND WHERE NEXT? 

In my last post conference report I tried to summarise where we were and where we 
were going.  I suggested possible themes for 2017.  I have to say that generally my 
predictions were not very accurate!  But that won’t stop me from trying again. 

 

Propagation 

I think perhaps I was too complacent last time that we had a good understanding of the 
propagation mechanism of sound from wind turbines.  Papers, particularly from Sjoblom 
and Conrady showed that perhaps we need to get together more with our meteorologist 
colleagues to look more closely at how the atmosphere works.  On the whole we can be 
pretty accurate, but perhaps more work in propagation over such surfaces as water, 
snow or sand would be useful. 

 

Regulations, Perception and Health Effects. 

Surprisingly few papers on regulations this time but plenty on perception and health 
effects.  There is an enormous range of noise limits throughout the world which reflects 
the fact that none appear to based on any real research on what levels affect people and 
what the balance should be between protecting the amenity of wind farm neighbours and 
the need for renewable energy.  It would be good to see some of the resources currently 
being devoted to infrasound research diverted to work on the impact of audible sound 
levels.  And more work involving stakeholders of the type described by van den Berg in 
his paper. 

 

Designing the Windfarm for Compliance 

After 2015, I thought there would be more papers on the optimisation of windfarms – 
that is ways of running windfarms close to the noise limit for more of the time.  As it 
happened there was none.  But it is a subject that may become increasingly important in 
the future. 

 

Background Noise, Assessment and Compliance Testing. 

We only categorised three papers this year as background noise.  However, they gave us 
a very helpful insight into how background noise varies with the conditions of 
measurement. 

A good selection of papers on assessment and compliance testing.  There was a wide 
variation in the approach taken so perhaps this is a subject that will run for some time 
yet.  For those who would like a standardised approach there is more work to be done. 
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SEVENTH INTERNATIONAL CONFERENCE 

ON 
WIND TURBINE NOISE 

 
 

Tones 

In 2015 I noted that there were less papers on tonal noise and that trend continued this 
time to the extent that we put tones together with low frequency noise in a single 
session.  Manufacturers generally seem to have ways of mitigating tones, but they do 
still occur. 

 

Small Turbines 

I was disappointed that we did not have enough papers on small turbines even to have a 
session.  One of the difficulties is that noise from small turbines varies greatly from 
turbine to turbine so it is difficult to generalise findings on a single turbine.  Some case 
studies on small turbines would be a useful addition to the conference though. 

 

Trailing Edge Noise 

As in 2015 we had a whole day’s session centred round trailing edge noise – including 
theoretical and wind tunnel modelling, combined source and propagation modelling and 
source location using arrays.  University of Siegen and TU Delft had almost half the 
papers between them but interesting contributions from all presenters. 

 

Infrasound 

We had a small session on infrasound.  We separated it from low frequency noise this 
year because the two are often erroneously lumped together when describing turbine 
noise. 

 

Amplitude Modulation 

Plenty of papers on amplitude modulation again this time.  Some of the activity was 
related to the work that has been done recently in the UK.  The metric developed by the 
Institute of Acoustics Noise Working Group seems to have been widely accepted.  I 
suggested in my 2015 post conference report that I was not convinced that stall was the 
whole story as far as AM was concerned.  There were suggestions this year that we 
should be talking about flow separation rather than stall and that would seem to be 
appropriate.  There is still more work to be done on both the mechanism causing it and 
on its impact on people.  But it remains a feature that appears to hit the headlines in a 
small number of countries. 
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Cyclical Pitch Control 

And whilst we are on the subject of AM, I was keen to try to get people talking about CPC 
and so we had a mid-day workshop run by Matthew Cand.  It was cautiously titled “CPC 
and other avenues . . “ in case the CPC part of it came to a halt.  As it happened there 
was a good debate and we had to extend ten minutes into the lunch break.  
Understandably, those who know most about the subject (turbine manufacturers) are not 
willing to say anything.  But those of us involved in noise assessment and mitigation are 
keen to know whether we can use this to remedy AM.  More in 2019? 

 

WTN 2019 - Themes 

Here are a few thoughts of what we need to address between now and 2019: 

 

Build on how background noise varies with various factors.  Does it vary with 
seasons, wind directions types of foliage and other factors? 

How well does background noise mask turbine noise?  We have had a few 
papers over the years on this – but we still need more. 

Assessment and compliance testing.  Should we be aiming at an agreed 
standard method?  Or not? 

Small turbines – some case studies describing the particular problems that 
have arisen with small turbines. 

Cyclical Pitch Control.  Can it help reduce AM?  Does it reduce overall sound 
power? 

More dose response tests on turbine audible noise to allow us to produce 
more robust regulations. 

Why do some people become ill near wind turbines?  Perhaps this is no longer 
a study that acousticians are qualified to do? 

And one from 2015 - are LF tones being missed or wrongly interpreted as 
merely low frequency noise or even infrasound as suggested by Evans in 
Glasgow? 

And, of course any other subjects that are useful to further the knowledge of Wind 
Turbine Noise. 

Any feedback will be welcome – good or bad.  Please contact me by email. 

 

Dick Bowdler 

dick@windturbinenoise.eu  
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10/4/2018 

M Gmail

Proposed Wind Farm 
1 message 

Karen Jenkins <jenkinskd55@gmail.com> 
To: hutzone@gwtc.net 

Mr. Clifford Tjaden 
Hutchinson County Zoning Administrator 

MrTiaden, 

Gmail - Proposed Wind Farm 

Karen Jenkins <jenkinskd55@gmail.com> 

Wed, Aug 15, 2018 at 2:14 PM 

I want to thank you for your assistance at the zoning meeting on Monday August 6. I appreciate your input and clarity. I 
would also like to apologize if I stepped over the boundaries of public input or offended you in any way. 

I am going to send a separate email with links for the board to research on their own. I will appreciate if you will let me 
know if you feel anything I send is not appropriate according to the permit process. 

If you would please send me the names and position/title of each of the members that were at the meeting on Aug 6th, 
whether they are elected or appointed, and also what their term is I would appreciate it. I am just trying to familiarize 
myself with those involved and the process of the consideration of the PWWP, LLC. application. If there is another 
source for this information please refer me to it instead. 

Please tell me what document Roland Jurgens handed out to all of you at the meeting, was it the Bon Homme County 
zoning for wind farms? Please tell me the exact title so I may obtain one from Bon Homme County. 
Or is a matter of Public Record in Hutchinson. I would like to review what the members are reviewing. I do not have a 
copy of the map that we identified my home on, would you be able to send a copy to me through email? 

When PWWP, LLC submits their application is that done by just walking in and handing it to you? Is it in a special or 
regular meeting? Or in a Public Hearing? 

Please tell me how to be informed as to what is happening without calling you or emailing you everyday. I know you have 
many other duties and time is limited. 

Thank you for your help. 

Respectfully, 

Karen Jenkins 
28912 410th Ave 
Tripp SD 57376 
605-680-5646
jenkinskd55@gmail.com

https:/lmail.google.com/mail/u/0?ik=588b4243cO&view=pt&search=all&permthid=thread-a %3Ammiai-r-6308230185958204 768% 7Cmsg-a%3As%3A6... 1 /1 

---------� 
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EXHIBIT A25
10/4/2018 Gmail - RE: Please forward to board members E3 

M Gn1aif Karen Jenkins <jenklnskd55@gmail.com> 

RE: Please forward to board members 
1 message 

Karen Jenkins <jenkinskd55@gmail.com> 
To: hutzone@gwtc.net 

The links provided below are public record on the PUC Website for Electric Dockets: 

Wed, Aug 15, 2018 at 3:14 PM 

EL 18-026 - In the Matter of the Application by Prevailing Wind Park, LLC for a Permit of a Wind Energy 
Facility in Bon Homme County, Charles Mix County and Hutchinson County, South Dakota, for the Prevailing 
Wind Park Project 
• 

Please read comments the public has sent in to this docket: 
Click for link to: Comments and Responses and click on link. 

Please to listen to the recording of the PUC Public Meeting in Avon on July 12, 2018. 
This is easy and clearly shows the human element of this very important decision to be made by Hutchinson County and 
by the PUC: 
Click for link to: Recording and click on link. 

Thank you for your time and consideration. 

Respectfully, 

Karen Jenkins 
28912 410th Ave 
Tripp SD. 57376 

https://mail.google.com/mail/u/0?ik=588b4243c0&view=pt&search=all&permthid=thread-a %3Ammiai-r67 4318602780867316% 7Cmsg-a%3As%3A 102 . . . 1 /1 
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10/4/2018 Gmail - Cliff, Please review and forward if appropriate. Thanks! 

Gmail Karen Jenkins <Jenkinskd55@gmail.com> 

Cliff, Please review and forward if appropriate. Thanks! 
1 message 

Karen Jenkins <jenkinskd55@gmail.com> 
To: hutzone@gwtc.net 

Ladies and Gentlemen, 

Wed, Aug 15, 2018 at 4:04 PM 

I am Karen Jenkins and I spoke to you on August 6 at your regularly scheduled meeting. I would like to thank you for 
your time that evening and for your patience. A lot is on the line for my husband and I and our future and those in this 
footprint. Your consideration of this matter is greatly appreciated. 

I would also like to apologize for anything I did at that meeting that overstepped the boundaries of the process. While I 
am confident what I told you is the truth, I find it very difficult to diplomatic while exposing the issues I have encountered 
since the Beethoven Wind Farm was in planning in 2013 and since this current project came to light in 2015. 

I hope you will accept my apology if I offended any of the board, it was certainly not my intent. It had been a long day and 
this is a very trying issue. 

I have included links to the South Dakotans for Responsible Renewable Energy website. It simply contains links to many 
organizations websites and contains a wealth of information. 

Also, I figured out how to send you a direct link to the PUC Docket for this project. 

Finally, I ran across an article about battery storage that might be of interest to you. 

Thank you again for your time. 

Respectfully, 
Karen Jenkins 
28912 410th Ave 
Tripp SD 57376 

3 attachments 

D EL 18-026.url 
r 1K 

D South Dakotans for Safe and Responsible Renewable Energy.url 
1K 

~ Battery Storage.docx 
'c.J 55K . 

https://mail.google.com/mail/u/0?ik=588b4243cO&view=pt&search=all&permthid=thread-a%3Ammiai-r-1864226246561611156% 7Cmsg-a%3As%3A-9. . . 1 /1 
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Hutchinson County Public Hearing   9-4-2018 

September 4, 2018 

Thank you for this opportunity. 

Please do not make your decision tonight.   You have the right and the responsibility, 
to table this discussion, seriously consider what has been brought to you, and to come 
back at a later date to continue this discussion, before making a decision.    

The Applicant filed their Application with the PUC on May 30, 2018, without permits 
from the three counties in the project footprint.   It may seem urgent to the Applicant to 
have your decision tonight, however it was the Applicant’s choice to wait until August to 
apply for the Conditional Use Permit in Hutchinson County.   

The Counties of Bon Homme and Charles Mix have not represented the citizens and 
residents properly in this matter. We urge you to take your time and give this matter 
great consideration.    

We are here to ask you to protect us.   This protection can come when you deny 
this application. 

Our greatest concern is health.   Some people fail to understand that the health effects 
associated with turbines depend on individual sensitivities, length of exposure, wind 
speeds, geography and a host of other factors. The effect of extremely low frequency 
sound on the inner ear leads to the distress of sleep disruption, sleep deprivation, and 
subsequent adverse health effects.  

Recently, we experienced the effect of noise inside our home from the fans on a grain 
bin that is on the adjacent property.   The noise outside was acceptable, simply a part 
of rural living.   The noise inside the house however was amplified and had an irritating, 
reverberating effect on my ears.  Our neighbors were simply taking care of their grain 
and we knew the fans would be turned off.   We knew the sound would not be 
something we have to deal with day in and day out. 

A wind turbine is different.  How will we stop the noise inside our house when it comes 
from the turbines that could be built one and two miles from our home?    If we are not 
able to tolerate the noise what will we do?   We would not want to have anyone else 
experience trouble, so how will we sell our house if we couldn’t live there anymore?   
Will it even be marketable?      
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We were not able to protect ourselves from the Beethoven Wind Project.   The only 
notice we received was the Notice of Public Hearings for Conditional Use Permits for 
B&H Wind Farm, LLC.   First there were six and then they came back with ten more.   
The Board of Adjustment gave no consideration to our concerns at the last hearing.   

If you do not deny this permit, you will not only fail to protect us, you will most likely be 
setting a precedent for future projects around us.  Directly north of us are 234 acres 
owned, by the same property owner, who is hoping to host turbines #30 and #51 to the 
southwest of us.  It makes sense that the property he owns north of us would host 
turbines from a future project, a project which most likely is already being planned.  
This is of great concern to us, we have been able to live with Beethoven so far, 
however to be surrounded by turbines would definitely be unacceptable.   We need 
you to protect us from the Prevailing Winds Project.    

If you will not deny this application please place these conditions to protect our health, 
safety, and welfare.   These are the same conditions we have asked the PUC to place 
on the Applicant. 

Condition #1:   A four mile setback from a resident. 

Support:     To protect by distance from sound, inaudible noise, and sight disruption. 
The turbines chosen by the applicant are 586 feet tall and twice as powerful as 
Beethoven.  This size is unprecedented in South Dakota and certainly unprecedented 
for us.  We would be within 1.07 miles of #55 and many other turbines just increments 
further. 

The distances of the turbines from our home, that are in this project and in Hutchinson 
County would be as follows, if allowed.  

55 - 1.07 miles 

51 - 1.8 miles 

56 - 1.28 miles 

30 - 1.67 miles 

25 – 2.2 miles 

In addition to these turbines, there are four others in Bon Homme County, which if 
allowed, would have the following distance from our home: 

47 – 2.4 miles 
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46 – 2.8 miles 

20 – 2.9 miles 

18 – 3.3 miles 

We live 3 miles from six Beethoven Turbines now.   We can hear them, see them, and 
we consider them a nuisance.  The cumulative effect of the existing turbines and the 
proposed turbines will be substantial and will negatively affect our peaceful enjoyment 
of our property, our view shed, and most importantly may cause us to have to leave 
our home. 

Condition 2:  Require an ALDS be installed on the turbines and if the FAA does not 
approve the use of the ALDS the Conditional Use Permit shall be revoked. 

Support:     The red blinking lights are meant to alarm.  And they do, still after three 
years.  The red blinking lights we have been forced to live with from the Beethoven 
Project are a nuisance, adding more will only increase that nuisance.  The Applicant 
should be prevented from creating a nuisance. 

Condition 3:  A decommissioning bond, paid for up front, and arranged between the 
PUC and the Applicant.  If the bond is not paid for upfront the Conditional Use Permit 
shall be revoked. 

Support:          Once the turbines are up, they are up.  Whether or not the proposed 
industrial wind project will be lucrative enough to produce the income to provide for a 
bond or an escrow fund in ten years is not and cannot be proven.   An escrow fund, as 
the PUC is currently setting as a condition, cannot be funded if the entity owning the 
industrial wind project goes bankrupt. 

Condition 4:     A liaison person must be appointed to monitor the project as it is being 
built to insure compliance and an avenue for those in the footprint to voice concerns 
and complaints.   If the PUC does not provide this condition the Conditional Use Permit 
shall be revoked. 

Condition 5:     A liaison person must be appointed to monitor the project from the 
commencing of operation through the decommissioning of the project.  If the PUC does 
not provide this condition the Conditional Use Permit shall be revoked.  

Condition 6:    No shadow flicker on non-participating residences. 
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Support:          Shadow flicker is a nuisance and the Applicant should be prevented 
from creating a nuisance. 

Condition 7:    Sound may not exceed 35 dB(A) for non-participating residences.  

This will protect us against audible and inaudible sound.  

 

Finally, please protect us.  Please do not make your decision tonight.   Your decision 
will have a great impact on our lives.   Thank you for your time. 

 

Mike and Karen Jenkins                                     
28912 410th Ave                                             
Tripp SD   57376                                                                                                                                               
605-680-5646 
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10/4/2018 

~ Gmail 

Minutes 
1 message 

Cliff Tjaden; Zoning Admin. <hutzone@gwtc.net> 
To: jenkinskd55@gmail.com 

Gmail - Minutes 

Karen Jenkins <jenklnskd55@gmail.com> 

Mon, Sep 10, 2018 at 1:32 PM 

Here are the Aug 6 minutes. The Sep 4 meeting will not be official until Oct 1, therefore I am unable to send them to you. 

Clifford L. Tjaden 

Zoning Administrator 

Hutchinson County SD 

~ Aug 6 Meeting MINUTES.docx 
'cJ 39K 

https://mail.google.com/mail/u/0?ik=588b4243c0&view=pt&search=all&permthid=thread-f%3A 1611245887607318097% 7Cmsg-f%3A 16112458876073... 1/1 
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PLANNING COMMISSION MEETING MINUTES 
August 6, 2018 @ 8:00 p.m. 

 
Call to Order:  
Chairman Schnable called the meeting to order @ 8:02p.m. 
Members Present: Schnabel, Frey, Ulmer, Schultz, Edlund, Werning and Administrator Tjaden 
Citizens Present: Ernest Scheetz, Karen Jenkins, Mark Rames, Roland Jurgens, Erik Johnson, Bruce Voigt, 
Terry Goehring, Tracy Goehring, Janet Wagner, Ron Wagner 
Approve Current Agenda 
Motion to Approve: Frey, 2nd Werning 
All Votes Aye; Motion Carries 
Approve Minutes of July 9, 2018 
Motion to Approve: Edlund, 2nd Frey 
All Votes Ayer; Motion Carries 
Convene as Board of Adjustment 
Motion to Convene as Board of Adjustment: Werning, 2nd Frey 
All Votes Aye; Motion Carries 

CONDITIONAL USE APPLICATION 
 

VARIANCE APPLICATIONS 
Terry Goehring 
Request to build a storage shed with a 12’ setback of the rear property line 
Legal: Parcel D NE ¼ Section 9 Sweet Township 
Motion to Approve: Schultz, 2nd Ulmer 
Roll Call Vote: Aye; Werning, Schultz, Schnabel, Edlund, Ulmer, Frey. Nay; None  
 
Dennis Fuerst 
Request for an acreage of 11.9+/- acres instead of 20 acres 
Legal: E ½ SE ¼ Section 13 Township German 
Motion to Approve: Frey, 2nd Werning 
Roll Call Vote: Aye; Schultz, Schnabel, Edlund, Ulmer, Frey, Werning. Nay; None 
 
Lakeview Kennels, Inc. 
Request for an acreage of 1.8 +/- acres, side setback of 25’ and lot front of 188’ 
Legal: E 900’ of the S 1250’ of the SE ¼ of the SW ¼ of the SW ¼ Section 4 Susquehanna Township 
Motion to Approve: Edlund, 2nd Schultz 
Roll Call Vote: Aye; Schnabel, Edlund, Ulmer, Frey, Werning, Schultz. Nay; None 
 
Reconvene as Planning and Zoning Committee 
Motion to Reconvene as Planning and Zoning: Frey, 2nd Ulmer 
All Votes Aye; Motion Carries 

      PLATS 
Gary Scheetz 
Scheetz tract 1 E. 900’ of the S 1250’ of the SE ¼ of the SW ¼ of Section 4, T99N R61W of the 5th P.M. Hutchinson 
County, SD 
Motion to Approve: Schultz, 2nd Werning 
All Votes Aye; Motion Carries 
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David Baltzer 
Baltzer Tract 1 in the SW ¼ of Section 22, T98N R59W of the 5th P.M. Hutchinson County, SD 
Motion to Approve: Frey, 2nd Ulmer 
All Votes Aye; Motion Carries 
 
Wilmar Mehlhaf 
Tract 1 Mehlhaf Addition, NE ¼ of Section 32, T98N R56W of the 5th P.M. Hutchinson County, SD 
Motion to Approve: Edlund, 2nd Frey 
All Votes Aye; Motion Carries 
 
Dennis Fuerst 
Tract 1 NE ¼ of the SE ¼ of Section 13, T98N R60W of the 5th P.M. Hutchinson County, SD 
Motion to Approve: Werning, 2nd Ulmer 
All Votes Aye; Motion Carries 
 
Vernon C. Neugebauer, LaVerna L. Neugebauer, Bryan Neugebuaer, Terry Neugebuaer, Kevin Neugebuaer, LeAnn 
Moe, Tracy Neugebuaer 
Neugebauer Tract 1 NW ¼ of Section 17, T100N R61W, of the 5th P.M. Hutchinson County, SD 
Motion to Approve: Frey, 2nd Werning 
All Votes Aye; Motion Carries 
 
Ronald Dale Guthmiller 
Tracts 1 & 2 Guthmiller’s Addition, SW ¼ of Section 13, T97N R58W of the 5th P.M. Hutchinson County, SD 
Motion to Approve: Edlund, 2nd Frey 
All Votes Aye; Motion Carries 
 
 

DISSCUSSION 
Roland Jurgens: S Power 
Mr. Jurgens explained the S power project to the Planning and Zoning Committee. It will be a total of 
220 mega watts being generated by 57 turbines of which 6 will be located in Hutchinson County. The 
turbines will be tall and the blades are bigger than that of the pervious project constructed in 2014. They 
will also be more advanced; less noise, radar lights, maximum of 45db. Mr. Jurgens will file conditional 
uses on behalf of S Power and send informational packets to the committee. 
Karen Jenkins: Concerned Citizen 
Chairman Schnabel allowed Ms. Jenkins to speak as she was not on the agenda to speak and this was 
not a conditional use hearing at this time. Ms. Jenkins explained her stance on the project and that she 
thought that it was detrimental to the citizens of Hutchinson County. She based this on the sight of the 
turbines, noise and vibration to area residents. 
Adjournment:  
Motion to Adjourn and set the next meeting date of 4 September 2018 at 7:00p.m. 
Ulmer, 2nd Werning 
All Votes Aye; Motion Carries 
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Zoning Board 
Bon Homme County 
Tyndall, SD  

9/17/2017 

Mr Chairman and members of the Zoning Board 

I am Karen Jenkins,  my address is 28912 410th Ave, Tripp, SD.    My home is located near the intersection of  
410th Ave and 289th Street, which is also referred to as Tripp Lake Road.   

 

Introduction 

I am here today to ask this board to deny the Conditional Use Permit application submitted by Prevailing Winds, 
LLC.   Clearly this application is the second application for a MET to be erected within the same tract, yet in a 
slightly different location within the tract.  In essence, the developer and investors are ignoring the decision made 
during the Public Hearing on August 28, 2017, when for lack of a motion, the first application was denied.   

This application should be denied just as the first application was denied.    Please understand, this is more than 
just a MET tower.   The purpose of the MET tower is to obtain information on wind.  If the “criteria” that is being 
sought is found, we are one step closer to another Industrial Wind Farm.    In essence , a continuation of the 
Beethoven Wind Farm in North West Bon Homme and South West Hutchinson Counties.  This should not be 
allowed to happen.  You must take this opportunity to protect your citizens.  Please deny this application.   

I have experienced disappointment, frustration, and helplessness since the Beethoven Industrial Wind Farm was 
in the permitting process, the construction process, and when it went online.   I live three miles from where the 
towers start.   I guess you can say I was lucky they aren’t closer.   Yet I feel violated more than anything.   I would 
not wish living in or near an Industrial Wind Farm on anyone.    

I feel a deep sense of loss, a sadness that is from experiencing a dream come true and watch a large part of it being 
taken away.   Just the blight on the horizon was not enough, now comes the nuisance of  noise that increases as 
the towers age, the red blinking lights that can be seen for miles and miles.   Now, we face the looming threat of 
more towers and the subsequent loss of property value.     

This is why I have stood before you, your commissioners, the PUC in opposition of MET and more Industrial 
Wind Farms.   They are not good neighbors and they don’t go away. 

Your citizens deserve better and they need your help. 

Thank you, 

 

Karen Jenkins 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

_______________________________________                                                                        
 
 
 
 
 
 
 
 
_______________________________________ 
 

 
* 
* 
* 
* 
* 
* 
* 
* 
 
 

 
                        

Below, please find my response to Staff’s                                                                                  
First Set of Data Requests to Intervenors.  Thank you for allowing me the extension to submit 
my response by August 24, 2018, at 5:00 pm.   

1-1) Provide copies to Staff of all data requests served on Applicant at the time of service.   
I will provide this information. 
 

1-2) Provide copies to Staff of all of your answers to data requests from Applicant at the time 
they are served on Applicant. 
I will provide this information. 
 

1-3) Refer to SDCL 49-41B-22.  Please specify particular aspect/s of the applicant's burden 
that the individuals granted party status intend to personally testify on.                               
I am in the process of reviewing the Application to find if it is sufficient 
to provide for the conditions set forth SDCL 49-41B-22.  I have not 
decided if I will testify or not. 
   

1-4) Refer to SDCL 49-41B-25.  Identify any “terms, conditions, or modifications of the 
construction, operation, or maintenance” that the Intervenors would recommend the 
Commission order.  Please provide support and explanation for any recommendations.   
 
To be clear, I recommend that the Commission deny this application.   I recommend 
this from my experience of the Beethoven Wind Farm from permitting, 
construction, to the operation of it, to date. 

If the Commission will not deny the application, I recommend the condition of  a 4-
mile setback.   My support is the fact that I live 3 miles from six Beethoven Wind 
Farm Industrial Wind Turbines and the height of 586 foot turbines as the Applicant 
has chosen is unprecedented and I believe will negatively impact my husband and 
myself without the 4 mile setback. 

 
I request the ALDS which eliminates the alarming red blinking lights at night.  If 
the FAA does not approve them, I recommend the application be denied. 

 

RESPONSE TO  

STAFF’S FIRST SET OF DATA 
REQUESTS TO INTERVENORS 

EL18-026 

 

IN THE MATTER OF THE 
APPLICATION BY PREVAILING 
WIND PARK, LLC FOR A PERMIT OF 
A WIND ENERGY FACILITY IN BON 
HOMME COUNTY, CHARLES MIX 
COUNTY AND HUTCHINSON 
COUNTY, SOUTH DAKOTA, FOR THE 
PREVAILING WIND 
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The red blinking lights are meant to alarm.  The red blinking lights on the 
Beethoven Wind Farm are a nuisance.    To have an additional 57 turbines, many 
with the alarming red blinking lights will be result in a much bigger nuisance.  The 
Applicant should be prevented from creating a nuisance. 
 
I request a Bat Detection and Shutdown System be installed on all Industrial Wind 
Turbines in this project.    Bat fatalities negatively affect agriculture and the 
environment. 
 
I request a decommissioning bond, paid for up front.   Once the Industrial Wind 
Turbines are up, they are up.   Whether or not the proposed Industrial Wind Farm 
will be lucrative enough to produce the income to provide for a bond in ten years is 
not and cannot be proven. 
 
I request a liaison person to monitor the project as it is being built to insure 
compliance and an avenue for those in the footprint to voice concerns and 
complaints.      A project of this size must have a liaison. 
 
I request a liaison person to monitor the project from the commencing of operation 
through the decommissioning.   I have not been able to reach anyone to assist me 
when I have had concerns with the existing Beethoven Wind Farm. 
 
I request there be no shadow flicker on non-participating residences, as shadow 
flicker presents a nuisance and the Applicant should be prevented from creating a 
nuisance. 
 
I request a Guarantee of Property Value to be funded and developed by the 
Applicant, subject to approval of the Property Owner to protect residents in the 
footprint and buffer zone from financial loss should the residence become unlivable 
and / or unmarketable.     The Applicants project will have serious financial 
implications on many of the residents in the footprint and the buffer zone. 
 

1-5) Is there a specific objection (example health, blinking lights, sound) you have with 

respect to the Project?  Please briefly explain.                                                                                             

The nuisance of red blinking lights as mentioned above in section 1-4.     If the FAA 

will not approve the use of the ALDS the application should be denied. 

Most concerning is sound, both audible and infrasound.    There are many 

complaints about both audible and inaudible noise from Industrial Wind Turbines, 

they are well documented.   The result of negative health effects to some residents 

from both audible and inaudible noise is also well documented.   
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Health, again the size of the Industrial Wind Turbines the Applicant has chosen is 

unprecedented.    The area and range they will impact is unknown and will likely 

cause the loss of enjoyment of property, loss of use of property, loss of the residence 

to be inhabitable, and the marketability of property will be greatly diminished. 

            What, if anything, do you feel could be done to remedy that issue? 

Deny the Application.    

If the Commissioners will not deny the application, the Commission must then 

approve the Application with conditions that will truly protect the health, safety, 

and welfare of all of the residents living in and near the footprint. 

Sound should not exceed 35 decibels for non-participating residences. 

Setbacks should be 4-miles from a non-participating residence.    

An ALDS must be installed.  If the FAA does not approve an ALDS the application 

should be denied. 

1-6) Please list with specificity the witnesses the Intervenors intend to call.  Please include 

name, address, phone number, credentials and area of expertise.                                         

I am still reviewing the Application and have not decided if I will call witnesses. 

1-7) Do the you intend to take depositions? If so, of whom?   Not at this time. 

 

 

Dated this 24th day of August, 2018 
Karen Jenkins 
28912 410th Ave 
Tripp, SD   57376 
605-680-5646 
jenkinskd55@gmail.com 
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EXHIBIT 

A~1 
BEFORE THE PUBLIC UTILITIES CO 

OF THE ST A TE OF SOUTH DAKOTA 

IN THE MATTER OF THE 
APPLICATION BY PREVAILING 
WIND PARK, LLC FOR A PERMIT OF 
A WIND ENERGY FACILITY IN BON 
HOMME COUNTY, CHARLES MIX 
COUNTY AND HUTCHINSON 
COUNTY, SOUTH DAKOTA, FOR THE 
PREVAILING WIND 

* STAFF'S SECOND SET OF DATA 
* 
* REQUESTS TO SHERMAN FUERNISS 

* 
* 
* 
* 
* 

EL18-026 

Below, please find Staffs Second Set of Data Requests to Sherman Fuerniss. Please submit 

responses by October 5, 2018, at 5:00 pm. 

2-1) Refer to the rebuttal testimony of Mr. Fuerniss, Page 5, subpart (7). 

a) Provide and specifically identify all "misidentifications of land use" that Mr. Fuerniss 
is aware of. 

The land use map in Figure 9 of appendix A of the application indicates that the 

SEl/4 of the SW 1/4 of section 18£ -96-61 in Choteau Creek Township South is a small 

amount of pasture lands and rangelands with the majority being row or non-row crops in 

rotation. In reality only the east side of the prope1ty has ever been in crops while the west 

20 acres are native prairie. The Wl/2 and El/2 of the NEI/4 of the SWl/4 of 18£-96-61 

Choteau Creek Township South are also both native prairie as well making 60 contiguous 

acres of native prairie. It can easily be determined by driving by on the road to south that 

this is not row or non-row crops land in rotation. My family has owned the SE I /4 of the 

SW 1 /4 of section 18£ -96-61 for over 50 years. 

Mr. Darren Kearney uses the same map on page I 66 of his pre-filed testimony and 

exhibits and I do not find any update elsewhere. Appendix B of the application also 

indicates the area as " tilled grasslands". This is inco1Tect and thus I doubt the 

trustworthiness of other aspects of the applications as well. 

b) Provide and specifically identify all " misidentifications of 

participating/nonparticipating residents" that Mr. Fuerniss is aware of. 

Figure 5 of the application 's appendix A represents all but the NWl/4 of the 

NW 1 /4 of section 11-96-62 Choteau Creek Township South as being leased land for the 

project area. It also indicates setback waivers around section I 1-96-62 Choteau Creek 

Township South less the NWl/4 of the NWl/4 but does not specify if these are distance 

or noise waivers.(Although at a Charles Mix County Commissioners meeting this 

summer Mr. Roland Jurgens stated that projects could not be financed if waivers were 

used.) Figure 5 would seem to imply that any residences in section 11-96-62 CCTS 

would be considered participating as the land is represented as being leased to the project. 

Figure 9 on page 166 of Mr. Darren Kearney' s pre-filed testimony and exhibits 

shows two nonparticipating residences in section I 1-96-62 CCTS. The residents of the 
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residence in the center of section 11-96-62 CCTS have other land leased to the project
( Figure 5 of appendix A) on which nine turbines are proposed to be built. Perhaps there
is a fine line between participating and nonparticipating about which I am confused? Are
the residents of the center of section 11-96-62 CCTS nonparticipating residents but
participating landowners? Would they be nonparticipating residents due to the fact that
no physical part of the facility would be constructed on the leased property on which they
reside? If so, would there be something in play here like the definitions of ‘participating
and nonparticipating noise receptors’ found in the Ontario Technical Guide to Renewable
Energy Approvals, specifically Chapter 3:Required setback for wind turbines
(https://www.ontario.ca/document/technical-guide-renewable-energy-approvals/required-
setback-wind-turbines) which states in part:

“ 2.2.1 Participating vs. Non-participating Receptors Setback distances do not
apply to noise receptors (so-called “participating” noise receptors) on a parcel of land
where any part of a renewable energy generation facility will be located once the facility
is installed, constructed or expanded in accordance with the REA. It must be emphasized
that for setback distances not to apply, all or part of the renewable energy generation
facility (e.g. turbine, transmission line) must be constructed on the parcel of land. Thus,
this does not apply to lease options that do not result in the construction of facility
components or other agreements to waive the 550m setback distance in consideration of
financial compensation or other arrangements. Further, it should be noted that a
temporary structure that does not form part of the operational facility is not considered
sufficient to create a participating noise receptor.”

I am not aware of any other situations similar to this in the project area, but again
this casts doubt on the application, at least for me.

c) Has the “misidentifications of participating/nonparticipating residents” that Mr.
Fuerniss is aware of been corrected as part of independent review of residences
within the Prevailing Wind Park project and verification area attached to Bridget
Canty’s rebuttal testimony?

I do not know that the review and verification apply to my concern.

d) Please explain in detail what consideration should be provided for rural cemeteries.
Please provide evidence to support this consideration.
The existing Beethoven wind farm locates one turbine within 1.1 miles of a rural

Charles Mix County cemetery and nine within 1 mile (15 within 1.25 miles) including
two within 500 ft. of a Hutchinson County rural cemetery. The proposed project would
put two turbines less than 1.25 miles from a Hutchinson County rural cemetery, two
turbines less than 1.0 mile from a Charles Mix County rural cemetery, three turbines less
than 1.0 mile from a Bon Homme County rural cemetery where my Civil War veteran
great-grandfather is buried, and two turbines less than 1.0 mile from a Bon Homme
County church and cemetery. This ought not to be. The proponents of these facilities
seem to care little enough for the living let alone for the living who are mourning the loss
of a loved one.

When we laid my father to rest beneath the prairie beside St. Paul Evangelical
Lutheran Church, on the western edge of this proposed project, on a clear crisp January
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day we could hear the birds singing while the church bells rang. We prayed and sang
hymns. We could hear the handfuls of soil thrown by family members as they hit the
casket. We stayed talking, crying, laughing and grieving until the last shovelful. If we had
had to endure the noise that we sometimes hear at our farm from a distance of 1.25 miles
from Beethoven, I would have been angry enough to want to tear someone’s head off and
spit in their neck. I do not believe a one-mile setback for the amenity of a rural cemetery
is too much to ask and an active church should have two miles.

4 October, 2018
Sherman Fuerniss
40263 293rd St.
Delmont, So. Dak. 57330
sol@midstatesd.net

Dated this 28th day of September 2018.

_______________________
Amanda M. Reiss
Kristen Edwards
Staff Attorneys
South Dakota Public Utilities Commission
500 East Capitol Ave.
Pierre, SD 57501
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EXHIBIT 

I I\ l� 

BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE 
APPLICATION BY PREVAILING 
WIND PARK, LLC FOR A PERMIT OF 
A WIND ENERGY FACILITY IN BON 
HOMME COUNTY, CHARLES MIX 
COUNTY AND HUTCHINSON 
COUNTY, SOUTH DAKOTA, FOR THE 

PREVAILING WIND 

* 

* 

* 

* 

* 

* 

* 

* 

INTERVENORS' RESPONSES TO 
STAFF'S SECOND SET OF DATA 
REQUESTSTOINTERVENORS 

EL18-026 

Intervenors Gregg Hubner, Marsha Hubner, Paul Schoenfelder, and Lisa Schoenfelder 
("Intervenors"), th.rough counsel, provide the following Responses to Applicant Prevailing Wind 
Park, LLC's ("Applicant") Second Set of Data Requests to Intervenors. 

2-1) Refer to the Intervenor's response to Staff ])ata Request 1-4. The lntervenors 
"recommend a 2-mile setback from non-participating residences and a 1,500 ft. 
setback from a property line and public rights-of-way with waivers available for 
those who want them closer." Please provide references to the direct testimony, 
including page and line numbers, submitted by Richard R. James, Jerry L. Punch, 
and Prof. Mariana Alves-Pereira, that support this condition. 

RESPONSE: 

Gregg Hubner: I was advocating for a 2-mile setback since the spring of 2015. My first support 
for this idea was from the book "Wind Turbine Syndrome" by Dr. Nina Pierpont, MD, PhD on 
page 254. (Attachment A) In the Shirley Wind Farm in Brown County, Wisconsin, infrasound 
was detected 6.2 miles away from the turbine, with complaints at 4.2 miles. The Shirley Wind 
Fann was designated a "human health hazard" in 2014 by the Brown County Board of Health. 
https://www.michigancapitolconfidential.com/20690. 

Also, I am attaching a study on blade and ice throw that shows these thrnw distances can 
be up to 6500 ft. (Attachment B) 

In August of 2017 I met Vicki May, who lives about an hour south of us in Nebraska. 
She lives 1 1/3 miles from the closest of200 wind turbines. I have been to her place and in her 
home. I heard her testimony in front of the State of Nebraska Natural Resources Committee in 
September of 2017. (Attachments C and D) Early in 20181 got a call from Jerome Powers who 
suffers from some symptoms of WTS. He lives well over a mile and a half from the Beethoven 
Wind Fann. It makes sense to me to listen to people that live in a wind farm and under these 
conditions than some computer model or highly educated person that has never lived near a wind 
faim. I do know certain people have ill effects up to 4.2 miles away (Shirley Wind Farn1). It 
makes sense to me to error on the side of caution since the only recourse for a resident who 
suffers problems is to move from his home. Walwmth County, South Dakota has a 2-mile 
setback. 

1 
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2-2) Refer to the direct testimony of Mr. Richard James, Page 2, line 55. Is compliance 
with the Bon Homme County's noise regulation associated with wind energy 
systems achieved through a sound model based on predicted sound levels, or is 
compliance based on actual sound levels? Please explain. 

RESPONSE: 

Reece Almond: Section 1741 of the Bon Homme County Zoning Ordinance addresses what a 
L WES must do in order to comply with the Ordinance. Section 17 41 provides: 

Noise level produced by the LWES shall not exceed forty five (45) dBA, average 
A-weighted sound pressure at the perimeter of occupied residences existing at the 
time the permit application is filed, unless a signed waiver or easement is obtained 
from the owner of the residence. 

The permittees shall submit a report of predicted noise levels at habitable 
residential dwellings within one mile of proposed tower locations to the Board no 
less than forty five ( 45) days prior to commencing construction. 

Based on this language and my interpretation thereof, the answer to the question in Data 
Request 2-2 is both. 

Richard James: Models are, at best, approximations of what be expected if the project is 
constructed. Measurements are the only accurate method for assessing whether a project 
complies with a regulation. It is the developer's responsibility to understand the 
limitations of the models, and to apply appropriate safety factors to the design to 
accommodate the limitations of the model such that once operating, the measured sound 
levels do not exceed the regulatory limit. Models cannot substitute for measurements. 

2-3) Refer to the direct testimony of Mr. Richard James, Page 3, lines 101, through Page 
4,105. 

a) Have any U.S. counties or states adopted the Intervenors' recommended 
maximum sound level regulation for wind energy facilities of 35 dBA? Please 
provide documentation to support the response. 

b) Have any U.S. counties or states adopted the Intervenors' recommended sound 
level regulation for wind energy facilities of no more than 5 dBA louder than 
the pre-operational background sound levels? Please provide documentation 
to support the response. 

RESPONSE: 

Gregg Hubner: Here are some setback distances used around the world, with examples 
both from residences and property lines: 
http://www. wiseenergy .org/Energy/Wind Ordinance/Setbacks. pdf. 

2 
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Here are some decibel limits used around the world: 
http ://wiseenergy.org/Energy/Health/ Acoustical Limit.pdf. 

Richard James: I do not maintain a comprehensive list ofregulatory limits and 
documents. My response is thus an example of regulations in jurisdictions where I have had 
some involvement. First, it needs to be understood that a good regulatory limit to control noise 

in a community must address the characteristic of the noise source that is considered to be 
objectionable. For utility scale wind turbines those characteristics are amplitude modulation 

(fluctuations) of the sound pressure levels and tones particularly in the infrasonic and low 
frequency range. It is accepted in acoustics that fluctuating sounds are more annoying and more 

likely to cause sleep disturbance than steady sounds. The presence of audible tones also increase 

annoyance potential and sleep because the human auditory function is about 10 dB more 
sensitive to tones than to broadband sound. Thus, the ideal regulatory limit for wind turbines 

would be a not-to-exceed sound level measured with an instrument set to measure the current 
sound without any averaging. If the regulation is using a single number limit in dBA this would 

be expressed as dBA LMaxFast• That is the maximum dBA level using the meter's fast response. 
However, many jurisdictions, and the wind industry have attempted to apply thresholds based on 

the long-term average sound level (Leq) which does not reflect the fluctuations that are present 
in wind turbine noise emissions. Long term normally means a measurement averaged over a 

period often minutes to one hour, but can also mean over periods of days and nights. 

Field measurements of wind turbine sound has demonstrated that the LMaxFast 
measurement will exceed the Leq measurement by 10 dB or more under normal operating 
conditions. These conditions normally occur at night during the time when people are expecting 

quiet for sleep. Dr. Punch provides an example of this from the Michigan, Almer Township case 
where the US District court accepted that the ordinance limiting wind turbine noise to 45 dBA 

LMaxFast was acceptable. The acoustician for the developer had filed statements saying that the 
equivalent average sound level (Leq) would need to be 11 dBA lower than this limit to comply. 

Since the primary adverse health impact from noise is sleep disturbance and studies have shown 
that fluctuating sounds outside a home when windows are open cause awakenings and delay 

return to sleep when they exceed 40 dB A LMaxFast jurisdictions that are required to set thresholds 
to protect public health have variously adopted limits ranging from 35 dBA Leq to 45 dBA 

LMaxFast• All of them are roughly equivalent in terms of protection, but the LMaxFast thresholds are 
more specific to the character of the sounds that need to be controlled. 

This type of threshold is also easier to enforce. It is like how highway speeds are 
enforced. For example, if a driver on a road with a speed limit of 70 miles per hour averages 70 

mph during the entire trip, but during part of the drive is exceeding that limit when a police radar 

tracks the car there is a violation. If the police officer was required to show that the driver's 
average speed exceeded 70 mph the limits would become unenforceable. They would need to 

follow the driver for long periods and the driver's knowledge of being under surveillance could 
lead to modified driving behavior. The same happens when a jurisdiction sets an average sound 

level (Leq) as the threshold. First, the measurements needed to confirm the exceedance become 
burdensome and subject to argument. Second, the applicant can raise all sorts of arguments 

about the period of time being averaged, length of the average, etc.. Thus, the use of limits set to 
control the maximum sound emissions are more direct and result in less burden on the local 
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government if or when complaints are filed. This line of reasoning has been applied in many 
jurisdictions who have re-written their wind turbine regulations to control the fluctuating 
character of wind turbine noise. 

In response to part A of the question I refer back to Table 3in my first statement's Exhibit 
"Noise: WindFarms." It shows that many countries where the wind industry has installed large 
projects have regulations set around the 35 dBA Leq threshold. Germany, Australia and New 
Zealand all have limits based on some form of 35 dBA average sound level and this has not 
prevented development of wind energy projects. In response to Part B regarding jurisdictions 
that use Background plus 5 dB method Table 3 shows this is also a common threshold. 
Some jurisdictions in the US also use background plus a constant (5, 6 or 10). For example, 
Oregon developed wind energy project sound limits in the early 2000s using a limit of 10 dB 
over the background sound as the goal. After doing a number of tests for background sound 
levels Oregon concluded that the background sound level in rural/wilderness locations where 
wind turbines were likely to be installed were about 25 dBA (L90). Thus, they adopted a limit 
35 dBA (L50). New York's Noise Guidelines call for the new noise source to not increase the 
background sound levels by more than 6 dBA. Massachusetts uses 10 dB A but has some local 
rules using lower levels. 

Tennessee recently adopted a state regulation of 35 dBA LMaxFast at the receptor's 
dwelling and 45 dBA LMaxFast at the property line. 

In Michigan, regulations are set by counties, but each township has the right to set 
different limits under state law. Most of the wind turbines in Michigan are located in Huron 
County, which is the "thumb" region on the east side located between Saginaw Bay and Lake 
Huron. The County originally had limits of 50 dBA which attracted considerable development 
starting back in 2007. Because of the problems with complaints of annoyance and adverse health 
effects that have occurred in townships where the projects were located many of the remaining 
townships have adopted their own regulations setting not-to-exceed limits ranging from 30 to 45 
dBA LMaxFast• Those townships include: 

Townships in Huron Countv 
Almer Effectively 45 LAMax at the non-participating property line (day), 39 LAMax (night) 
Ellington 40 LAMax at non-participating property line 
Denmark Shall not exceed 3 5 dB A at property line 
Merritt 40 dBA (LAMax ) at property line 
Sand Beach 35 dBA (LAMax) during day and 30 dBA at night 
Marion 40 LA Max at non participating property line 
Bridgehampton 40 LAMax at non-participating property line 
Elmwood 40 LAMax at non-participating property line 
Kingston 45 LAMax at non-participating property line 
Greenwood Shall not exceed 45 dB(A) at any property line adjacent to the wind energy 
system 

Other Michigan Townships and Counties (not exhaustive) 

4 
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Ingersoll Twp 45 LAMax at non-participating property line (day) 35 LAMax at property line 
(night) at same 
Beaver Twp 45 LAMax at non-participating property line 
Burnside Twp 45 LAMax at non-participating property line 
Shiawassee 45 LAMax at non-participating property line 

Other Non-Michigan Jurisdictions 
Vermont 3 8 dBA Leq 
New Hampshire 45 LAMaxDay or 5 dB over background whichever is greater and 40 LAMax 
Night or 5 dB over background. 
Sweetwater County, Wyoming 40 dBA (LAMax) and 50 dBC (LCMax) (this addresses the 
low frequency character of wind turbine sounds) 

The link below shows a summary of some decibel limits used around the world: 
http://wiseenergy.org/Energy/Heal th/ Acoustical Limit. pdf. 

2-4) Refer to the direct testimony of Mr. Richard James, Page 3, lines 101 - 105, and 
Page 5, lines 158 -163. If Mr. James recommends a maximum sound level of 35 
dBA, and states the setback distance would be on the order of 3600 feet to meet the 
35 dBA Leq limit, why does Mr. James calculate the setback to prevent annoyance 
during nighttime periods from multi-turbine projects would need to be 1.25 miles? 
Please explain. 

RESPONSE: 

Richard James: The 3600-foot setback relates to the goal of limiting wind turbine noise to 35 

dBA Leq, a point where annoyance will still occur, but high annoyance is limited to the more 
sensitive people. The 1.25-mile setback (roughly double the distance and thus about 6 dBA 
lower in sound level) is the distance needed to prevent high annoyance from audible sounds 

(infra sound will still be an issue for those sensitive to it). The predicted sound level at 1.25 
miles is about 30 dBA Leq. High Annoyance is the descriptor for annoyance that results in 
health effects and threats of action. (See Health Canada study graph in first statement) 

Since rural communities have nighttime sound levels of 25 dBA and often lower the 
sound of distant wind turbines is still audible even at the 1.25 mile distance. 

Also, as revealed in the Health Canada study, the prevalence rates for health effects that 

are related to pulsating infra and low frequency sound, such as, tinnitus, dizziness, and migraines 

for people living 1.25 miles from the nearest wind turbine are still double that of the non
exposed population. These sounds may or may not be audible, but still have an impact on 
sensitive people through non-auditory processes. Thus, we cannot say that 1.25 miles represents 
a "safe" setback distance for all people. 

2-5) Refer to the direct testimony of Mr. Richard James, Page 5, lines 158 - 163, and the 
Intervenor's response to Staff Data Request 1-4. The Intervenors recommended a 
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condition that requires a 1,500 ft. setback from a property line, but Mr. James 
recommended a 1.25 mile setback from the property line. Please explain how the 
1,500 ft. setback is consistent with Mr. James' testimony. 

RESPONSE: 

Gregg Hubner: As stated before, I have always advocated for a 2-mile setback from a residence 
and a 1500 ft. setback from a property or right of way line. 

The reason I advocate for 1500 ft. is that people often are near their fence lines, farming, 
putting up hay or hunting. The Vesta Owners Safety Manual for a 3.0 MW Turbine recommends 
people to stay 400 meters (1300 ft.) from the turbine unless it is necessary to be closer, and 500 
meters away from a runaway turbine (attachment E) This is for a 3.0 MW, and Prevailing Winds 
is using 3.8 MW turbines. General Electric uses the following calculation for ice throw: 1.5 x 
hub height plus blade diameter (l.5x (361 +449)) = 1,215 foot setback from ROWs and property 
lines. (Attachment F) 

The 2-mile setback for a non-participating resident and a 1500 ft. setback from a property 
or right of way line would be a good safe combination. It protects both homes and bare land, 
always considering people are not always in their home, they are across every acre of their land 
several times during the year. 

Reece Almond: Mr. James' explanation for his 1.25-mile setback from a property line is 
explained on page 6, lines 178-185, of his pre-filed testimony. 

2-6) Refer to the direct testimony of Prof. Mariana Alves-Pereira, Line 460: 
"Appropriate zoning laws for industrial wind turbines should be considered." 
Please provide Prof. Alves-Pereira recommendation for an appropriate zoning law 
for industrial wind turbines to address her concerns regarding ILFN. 

RESPONSE: 

Mariana Alves-Pereira: I am assuming the question posed above is: "Please request that Prof. Alves
Pereira provide recommendations for an appropriate zoning law for industrial wind turbines to address her 
concerns regarding ILFN." 

Zoning laws were not conceived as legal entities to be solely based on economic convenience. In 
theory, zoning laws are founded on the idea of the protection of Public Health. In order to properly 
ascertain what are the 'safe-distances' for residential neighborhoods located in the vicinity of wind 
developments, then scientifically-valid studies must be undertaken by the appropriate authorities. 

The possibility of such studies was briefly described in the subsequent Lines 463-466 of the same 
testimony: 
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463 epidemiological studies. Ideally, this would study relevant health endpoints before and 

464 after installation of the industrial wind turbines. It would also include the quantification 

465 of ILFN before and after the installations of the industrial wind turbines, with the same 

466 wind speed and wind direction, and evaluated inside the affected homes. 

There are currently no scientifically-valid studies providing numerical data on 'safe-distances' 
that can effectively protect families against !LPN-contaminated homes (whatever the source). 

2-7) Refer to the direct testimony of Prof. Mariana Alves-Pereira, Lines 460 - 462: 
"However, in the absence of zoning laws based on scientific information, then the 
governmental agencies responsible for Public Health should step in to conduct 
appropriately designed epidemiological studies." Which governmental agency in 
South Dakota is Prof. Alves-Pereira referring to? 

RESPONSE: 

Mariana Alves-Pereira: I am unclear as to the question posed here. I understand that the word 
'governmental' within the context of the State of South Dakota may be misleading. Perhaps, therefore, the 
word 'governmental' should be replaced by 'federal and state,': 

"[I]n the absence of zoning laws based on scientific information, then Federal and State 
agencies responsible for Public Health should step in to conduct appropriately designed 
epidemiological studies." 

I am not familiar with the details of South Dakota State Government, but I imagine that there is 
some Health Department at the State level whose job description would include the protection of Public 
Health. 

At the Federal level, I would imagine that agencies such as the CDC (Center for Disease Control), 
the ATSDR (Agency for Toxic Substances and Disease Registry) or the NIH (National Institutes of 
Health) would have the expertise and the mandate to undertake properly designed studies that would 
begin to ascertain 'safe-distances' between residential areas and wind developments. 

The lack of properly determined 'safe-distances' is not an issue merely in South Dakota, or 
merely in the United States. Countries all over the world are faced with this quagmire that is leading to 
the onset of illness among entire families and neighborhoods, and consequently, to increased healthcare 
costs. Within this context, perhaps the scientific determination of 'safe-distance' should be under the 
auspices of larger regulatory bodies, such as the World Health Organization or the International Standards 
Organization. 

2-8) Refer to the direct testimony of Mr. Jerry Punch, Page 14, lines 396 - 402, and the 
direct testimony of Mr. Richard James, Page 3, line 101 through Page 4, line 105. 
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Mr. James recommends that "the maximum sound level for audible sounds 
should be 35 dBA (Leq) and 50 dBC, especially for nighttime wind turbine 
noise. We also limited the new noise source to be no more titan 5 dBA louder 
titan the pre-operational background sound level at night. " 

Mr. Punch recommends that "the WHO recommendation of 40 dBA Leq 
(nigltt,outside) should not be exceeded at any residence, particularly at non
participating ltouseltolds. To provide adequate protection from sleep 
disturbance, nighttime noise levels should be limited to 40 dB LAmax. A metric 
of dB LAI 0(nigltt, outside), the noise level exceeded 10% during nighttime 
!tours and measured at the farade of the residence, may be a reasonable 
substitute for LAmax if considered by acoustical experts to be easier to apply for 
the purpose of compliance." 

The recommendations between these two witnesses for the Intervenors' appear 
inconsistent. Actually, Mr. James' states that the use of a limit of 40 dBA is 
inadequate to prevent adverse effect (Direct testimony, Page 5, lines 143-149). 

Will the Intervenors advocate for Mr. James' recommendation or Mr. Punch's 
recommendation for audible noise at the hearing? Please explain. 

RESPONSE: 

Jerry Punch: The inconsistency of my recommendation with that of Mr. James is in question, 
and my response is that I stand by my statement that 40 dBA Leq(night, outside) should not be 
exceeded at any residence, but recognize that others, including Mr. James, may have reasons for 
recommending a lower level. For example, the WHO (2009)1 notes that people complain of a 
sense ofreduced well-being at an average noise level of 35 dBA Leq(night,outside), and that 
same level may be recommended to protect a higher percentage of residents from annoyance, 
which is known to be a major complaint of individuals living near wind turbines. 

In the recent Health Canada study, for example, at least 10% of people in the area of a 
wind project area who were exposed to levels >35 dBA were extremely annoyed.2 I am basing my 
recommendation to limit averaged nighttime, outside levels to 40 dBA on the WHO's 2009 
recommendation to protect human health. The above-referenced extensive list of levels of noise 
permitted nationally and intemationally3 indicates that levels as low as 30 dBA have been 
recommended or utilized at a number of wind projects. 

In my direct testimony, (page 11, lines 306-307), I stated that "The WHO (2009) Night 
Guidelines suggest that a 40 dB LAmax level should be the maximum allowable level during 
nighttime hours." In fact, the WHO (2009) states that some of the more subtle, physiologically 

1 World Health Organization (2009). Night Noise Guidelines for Europe, p. XIV. 
2 Michaud, D.S., Feder, K., Keith, S.E., Voicescu, S. A., Marro, L., Than, J., et al. (2016). Exposure to wind turbine 

noise: Perceptual responses and reported health effects. Journal of the Acoustical Society of America, 139, 1443-

1454. 
3 http://wiseenergy.org/Energy /Health/ Acoustical _Limit. pdf 
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measurable, aspects of sleep disturbance occur at noise levels of 32-42 dB LAmax(night,inside ). 
According to James,4 the LAmax level is 10 dB above that of Leq, so a level of 40 dB LAmax 
corresponds to a level of 30 dBA Leq; note that is a peak level at night, inside a residence. 

My professional opinion is based not only on the concerns expressed in the WHO Night 
Noise Guidelines for Europe and the WHO Guidelines for Community Noise (Berglund et al., 
1999), 5 but also on the notions that wind turbine noise consists of rapid energy peaks and 
valleys and that nearby residents need to be protected from inaudible infrasound, as well as 
audible sound. 

The chart below is a graphic illustration of the presence of the highly fluctuant nature of 
wind turbine noise, over short periods of time. The chart is from Robert Rand, well-known 
acoustician, and it shows noise fluctuations between about 60 dB SPL to about 72 dB SPL in 
the one-third octave band centered at 25 Hz. These fluctuations occurred within a time period of 
only 30 seconds, captured using a fast setting on the sound level meter. The fluctuations occur 
above and below the average noise level of approximately 67-68 dB Leq(l 0sec ). The chart also 
illustrates why Leq measurements do not adequately depict the emissions experienced by 
receptors in real time. 
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Figure 6.1. 25 Hz one-third octave band noise level, 2000-feet upwind, turbines 2 and 3 operating, 

Freedom, Maine (acquired 8Jan2010). 1/10 second sample (black), 10-second averages (red). R. R.ind 

4 James, R. (March 27, 2018). Recommended Amendments to Section 4.3 .76 Shiawassee County Zoning Ordinance, 

Article 4, Specific Use Regulations Prepared On Behalf of: Regulated Wind of Shiawassee County (RWSC), p. 6. 

5 Berglund, B., Lindvall. T. , & Schwela, D.H. (eds.) (1999). Guidelines for Community Noise. World Health 
Organization, April 1999. 
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With respect to the WHO guidelines, two primary considerations need to be taken into 

account. Together, they justify the necessity of establishing reasonably conservative noise 

exposure guidelines with respect to wind turbine noise. First, the WHO bases its recommended 

noise limits largely on transportation noises, which contain low-frequency energy, but 

substantially less infrasonic energy than wind turbine noise. Secondly, the WHO assumes that 

the outside-to-inside attenuation for transportation noises is about 15 dB. Neither of these 

assumptions can be applied to the infrasonic energy in wind turbine noise, which travels long 

distances and is not easily attenuated by traditional physical barriers. It is also true that people 

have a right to sleep with their bedroom windows open, and that should be especially true for 

those individuals who have chosen to live in an area where they can enjoy the peace and quiet 

of a rural community. 

A case in Vermont6 supports the contention that the outside-to inside attenuation of wind 

turbine noise is much less than 15 dB, and that it is almost negligible, when windows are open. 

Paul Brouha of Sutton, Vermont, lives 6,385 feet from the nearest turbine in the area of the 

Sheffield Wind project. Brouha filed his first noise complaint on Dec. 24, 2011, after the wind 

turbines began operating in October. The Vermont Public Service Board (PSB) dismissed his 

complaint. An earlier report by the wind project operator showed virtually no reduction (1 dBA) 

in the broadband sound of the loudspeaker between outdoors and indoors, a value much lower 

than normally expected, even for large open windows. Brouha hired a noise expert, Acentech, 

which found that instead of the 15 dB noise attenuation between outside and inside projected by 

wind project's experts, the home attenuated the noise by 25 dBA when Brouha's bedroom 

windows were closed, by 9 dBA when the windows were partially open and by only 3 dB when 

the windows were fully open. The indoor measurements in the Brouha bedroom ( averaged across 

locations within the room) did not exceed the project criterion level of 30 dBALeq(lhr) with the 

windows fully closed, but did exceed 30 dBA with the windows partially or fully open. 

In the Brouha case, Acentech' s measurements showed "multiple and frequent violations 

of the CPG noise criteria" adopted by the PSB, and the PSB ordered the Vermont Department of 

Public Service (DPS) to investigate the complaint early in 2014. DPS hired a consultant who 

conducted the same test on July 1, 2014. In January 2015, Brouha filed a nuisance lawsuit in 

superior court in Vermont. In September 2015, DPS reported to the PSB that Sheffield Wind 

exceeded interior noise standards 10 to 14 percent of the time. Because of PSB' s laborious 

investigation and enforcement process, and the parties' noise experts' failure to agree on a new 

monitoring plan, his noise complaint had not been resolved as of February 2017, the time of the 

most recent report. 

Justification for concern that LAmax be considered as an option (in addition to offering LlO 

as an option), stems from the following quotes from the 1999 WHO document, as well as the 

final quote, which is from the 2009 WHO Night Noise Guidelines: 

6 Smith A, "The Kafkaesque world of windmill neighbors" (VTDigger [The Vermont Journalism Trust] Feb. 3, 2017), 

available at <https://vtdigger.org/2017 /02/03/ a nnette-smith-kafkaesq ue-world-wind m ii I neighbors/>. 
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• "When the noise consists of a small number of discrete events, the A-weighted 
maximum level (LAmax) is a better indicator of the disturbance to sleep and other 
activities .... Where there are no clear reasons for using other measures, it is 
recommended that LAeq,T be used to evaluate more-or-less continuous 
environmental noises. Where the noise is principally composed of a small number 
of discrete events, the additional use ofLAmax or SEL (sound exposure level) is 
recommended" (p. viii). (I contend that whether the number of discrete events is 
small or large, the occurrence of discrete events that have their peak amplitudes 
during any nighttime period can be highly disturbing to sleep.) 

• "If negative effects on sleep are to be avoided the equivalent sound pressure level 
should not exceed 30 dBA indoors for continuous noise. If the noise is not 
continuous, sleep disturbance correlates best with LAmax and effects have been 
observed at 45 dB or less. This is particularly true if the background level is low." 
(p. 46) 

• "When the background noise is low, noise exceeding 45 dB LAmax should be 
limited, if possible, and for sensitive persons an even lower limit is preferred. Noise 
mitigation targeted to the first part of the night is believed to be an effective means 
for helping people fall asleep. It should be noted that the adverse effect of noise 
partly depends on the nature of the source. A special situation is for newborns in 
incubators, for which the noise can cause sleep disturbance and other health effects 
(p. xii) .... The LAmax of sound events during the night should not exceed 40 
dB(A) indoors. For ward rooms in hospitals, the guideline values indoors are 30dB 
LAeq, together with 40 dB LAmax during night." (p. xiii) 

• "Ll0 values have been widely used to measure road-traffic noise, but they are 
usually found to be highly correlated measures of the individual events, as are 
LAmax and SEL." (p. 23) 

• "Where the noise consists of a small number of discrete events, the A-weighted 
maximum level (LAmax) will be a better indicator of the disturbance to sleep and 
other activities." (p. 29) 

• "A large number of events lead to high levels of awakening once the threshold of 
LAmax,inside is exceeded." (p. 105) 

Richard James: As I explained in my response to question 2-3) picking a regulatory limit should 
focus on the characteristic of the noise emitter that is most problematic. As Dr. Punch explains 

above the differences between our recommendations are mainly a result of which metric we are 
considering for limiting the intrusion. There are many different ways that limits can be set with 

the 35 dBA Leq or 45 dBA LMax being two examples. Any differences between Dr. Punch's 

suggestions and mine are likely resolved when considering these various options for metrics. 

I support Dr. Punch's response. 
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2-9) Refer to the direct testimony of Mr. Jerry Punch, Page 11, lines 303 -314. Have 
any U.S. counties or states adopted the Intervenors' recommended maximum nighttime 
noise level regulation for wind energy facilities of 40 dB LA max? Please provide 
documentation to support the response. 

RESPONSE: 

Jerry Punch: In answer to the staff's Question 2-9, it is understandable that few if any U.S. counties or 

states have adopted 40 LAmax, or the LAmax metric in general, as a means of quantifying maximum 

nighttime noise. LAmax has been discussed, however, as a recommended metric at some wind projects, 

but there is scant evidence that 40 dB LAmax has been adopted at any specific facility. I can point, 

though, to several communities where the concept ofLAmax (sometimes referred to as Lmax) has been 

recommended as a legitimate metric for measuring the level of wind turbine noise, or where the refusal of 

a wind company to adopt Lmax was a partial basis for disapproval of a wind project. 

According to Robert Chanaud,7 who recently developed a document that serves as an 
update of the EPA's Model Community Noise Control Ordinance, the Leq metric is part of the 
noise ordinances in Seattle, Washington, and Portland, Oregon. The Seattle ordinance stipulates 
that " ... the Lmax must not be more than 15 dB over the Leq" (p. A-17). The same document 
states: "Set the maximum levels sufficiently high that it is unlikely for the ambient to exceed it. 
This approach requires either an arbitrary assumption or extensive measurements. It also does 
not satisfy the health and welfare goals of the community so no communities have taken it" (p. 6-
3). 

In Almer Township, Michigan, the local ordinance specified a noise limit of 45 dBA. 
The presiding judge interpreted the ordinance to mean that no sound should be allowed to exceed 
45 dBA, and ruled that Tuscola Wind's refusal to adopt Lmax as a means to comply with the 
ordinance was tantamount to its refusal to protect citizens from fluctuating wind turbine noise. In 
his final ruling, the judge stated:" .. .it is ORDERED that Defendant Almer Township Board's 
denial of Plaintiff Tuscola Wind III, LLC's, SLUP application is AFFIRMED" (p. 46). In 
footnote 12 of that document (p. 45), it is stated: "Tuscola has not demonstrated that it is entitled 
to deferential or economically favorable conditions. Perhaps application of an Lmax standard 
creates such an economic hardship that it constitutes de facto exclusionary zoning. But Tuscola' s 
conclusory briefing on this point falls far short of showing that to be true." 

Despite the low prevalence of the adoption of LAmax as a preferred metric in local 
zoning ordinances, the use of LAmax deserves to be explored by wind developers, as it offers an 
increased probability that the numerous complaints of annoyance and adverse effects related to 
wind turbine noise exposure can be substantially reduced. 

In my direct testimony, I provided several alternative metrics as recommendations for 
determining the maximum allowable limits for wind turbine noise emissions. I have offered the 
above detailed explanation of my justification for including both an Leq level and LAmax level 

7 
Chanaud, R. C. (July 2014). Noise ordinances: Tools for enactment, modification and enforcement of a community 

noise ordinance. 
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because of a specific question raised regarding inconsistency between my recommendation and 
that of Mr. James. 

Having given my rationale for recommending 40 dB LAmax as one such metric, it is the 
case that the use of LAmax could entail some rather complex measurement issues. It would be a 
relatively simple matter to determine whether a specific LAmax level has been exceeded in a 
given nighttime period of time, such as an 8-9 hour night, or nights over a one-week period. 
However, a decision would have to be made regarding how many discrete occurrences of that 
maximum level are allowable before the noise is ruled in noncompliance. While the WHO (2009, 
p. XV) states that a large number of events lead to high levels of awakening once the LAmax 
threshold is exceeded, it also indicates that there is no generally accepted way to count the 
number of relevant noise events, and that the options include the number of measured LAmax 
levels and the number exceeding a specific LAmax level (p. 8). For this reason, it is 
understandable that most wind projects have adopted the use of dBA Leq, which-despite its 
extreme limitations when applied to wind turbine noise-is a traditional metric around which 
there is a considerable body of data for comparison. Although resolution of these issues could be 
achieved with careful thought, it would require an effort the wind industry thus far has not been 
willing to expend. 

~ 
Dated this _;J_ day of October, 2018. 

DAVENPORT, EV ANS, HURWITZ & 
SMITH, L.L.P. 

~ - U~ 
Reece M. Almond 
206 West 14th Street 
P.O. Box 1030 
Sioux Falls, SD 57101-1030 
Telephone: (605) 336-2880 
Facsimile: (605) 335-3639 
E-mail: ralmond@dehs.com 
Attorneys for Intervenors Gregg Hubner, 
Marsha Hubner, Paul Schoenfelder and 
Lisa Schoenfelder 
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CERTIFICATE OF SERVICE 

The undersigned, one of the attorneys for Intervenors Gregg C. Hubner, Marsha Hubner, 

Paul M. Schoenfelder, and Lisa A. Schoenfelder, certifies that a true and correct copy of the 

Intervenors' Responses to Staff's Second Set of Data Requests to Intervenors was served on 

October .,;)~ , 2018, via email, upon the following: . 

Kristen Edwards 
kristen.edwards@state.sd. us 
Amanda Reiss 
Amanda.Reiss@state.sd. us 
Staff Attorneys 

Mollie M. Smith 
msmith@fredlaw.com 
Lisa M. Agrirnonti 
lagrirnonti@fredlaw.com 
Fredrikson & Byron, P.A. 

South Dakota Public Utilities Commission 
500 E. Capitol Ave. 

200 South Sixth St., Ste. 4000 
Minneapolis, MN 55402 
Attorneys for Applicant Pierre, SD 57501 

tA 
Dated this_}) __ day of October, 2018. 

&~~ 
Reece M. Almond 
206 West 14th Street 
P.O. Box 1030 
Sioux Falls, SD 57101-1030 
Telephone: (605) 336-2880 
Facsimile: (605) 335-3639 
E-mail: ralmond(a),dehs.com 
Attorneys for Intervenors 
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254 Wind Turbine Syndrome 

should be spelled out in a local ordinance-were presented at the 

annual conference of the Institute of Noise Control Engineering/ 

USA in 2008 and are posted on the Wind Turbine Syndrome 

website at www.windturbinesyndrome.com/?p=925. An important 

outcome of Kamperman and James's method is that as turbines get 

larger, setbacks will have to be greater. 

The simple answer is: Keep wind 

turbines at least 2 km (1 ¼ miles) 

away on the flat, and 3.2 km (2 miles) 

in mountains. These are minimum 

distances. Kamperman and James's 

methods will likely recommend larger setbacks, especially in rural 

areas that are very quiet at baseline. Second, all wind turbine 

ordinances should hold developers responsible for a full price (pre

turbine) buyout of any family whose lives are ruined by turbines

to prod developers to follow realistic health-based rules and 

prevent the extreme economic loss of home abandonment. 

A 2 km setback would have prevented this:3 

My husband is seeing a doctor for depression. I have a 

daughter who is seeing a specialist for serious stomach 

problems. I have had endless sleepless nights since the 

wind turbines went up. I constantly have feelings of 

anxiety. My children have complained of headaches and 

not sleeping well. 

Let me ask you, What would you do? 

What would I do? I admit I'd be driven into doing what she has 

done: 

3 Personal communication, April 6, 2009. 
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Analysis of throw distances of detached objects from
horizontal-axis wind turbines
Hamid Sarlak and Jens N. Sørensen
Section of Fluid Mechanics, Department of Wind Energy, Technical University of Denmark, DK-2800 Lyngby, Denmark

ABSTRACT

This paper aims at predicting trajectories of the detached fragments from wind turbines, in order to better quantify conse-
quences of wind turbine failures. The trajectories of thrown objects are attained using the solution to equations of motion
and rotation, with the external loads and moments obtained using blade element approach. We have extended an earlier
work by taking into account dynamic stall and wind variations due to shear, and investigated different scenarios of throw
including throw of the entire or a part of blade, as well as throw of accumulated ice on the blade. Trajectories are simu-
lated for modern wind turbines ranging in size from 2 to 20 MW using upscaling laws. Extensive parametric analyses are
performed against initial release angle, tip speed ratio, detachment geometry, and blade pitch setting. It is found that, while
at tip speeds of about 70 m/s (normal operating conditions), pieces of blade (with weights in the range of approximately
7-16 ton) would be thrown out less than 700 m for the entire range of wind turbines, and turbines operating at the extreme
tip speed of 150 m/s may be subject to blade throw of up to 2 km from the turbine. For the ice throw cases, maximum
distances of approximately 100 and 600 m are obtained for standstill and normal operating conditions of the wind turbine,
respectively, with the ice pieces weighting from 0.4 to 6.5 kg. The simulations can be useful for revision of wind turbine
setback standards, especially when combined with risk assessment studies. Copyright © 2015 John Wiley & Sons, Ltd.
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1. INTRODUCTION

The ever-growing number of wind turbines installed near inhabited areas, buildings and community facilities, such as
bridges, power installations or highways, has resulted in an increasing concern by authorities to determine risk levels
associated with wind turbine blade failure. From a safety point of view, the most serious failure is associated with splintering
of rotor blades and detachment of debris, which could be thrown over long distances and damage people or property.
Ice-throw from wind turbines installed in cold climate is also of high concern, especially for wind turbines erected near
highways where the ice pieces thrown from a wind turbine may strike a passing car, which in the worst case may cause a
fatal accident.

Various types of hazards regarding operation of wind turbines have recently been reported by Durstwitz and the Caithness
Windfarm Information Forum.2, 3 According to a recent survey by the Caithness Windfarm Information Forum, blade
failures resulting in either whole blades or pieces of blades being thrown from the turbine are the most important causes
of turbine accidents.3 A comparative graph showing the growth of wind turbine accidents over the past four decades is
shown in Figure 1, where the share of blade accidents and accidents due to fire, which may eventually cause throw of fire
patches, are also presented. Due to such accident data, energy authorities all over the world have tried to enforce safety
distances around wind turbines and wind farms. The safety distance is a distance within which it is not allowed to build
human structures such as buildings and roads. Shown in Table I is an example of the safety distance standards defined by
different authorities. It can be seen from the table the values of offset safety distances fall within an extensive range of

Copyright © 2015 John Wiley & Sons, Ltd. 151

Wind Energy ________ _ 

 
015944



Aerodynamics of runaway detachments from horizontal-axis wind turbines H. Sarlak and J. N. Sørensen

Figure 1. Comparison of wind turbine accidents and particularly blade failure data in a period from 1970s until 2014 (data taken from
Caithness Windfarms3).

Table I. Safety distances of wind turbines from human
structures as practiced in different regions of the world.17

Authority/source Safety distance [m] (ft)

France 1609 (5280)
Germany 1609 (5280)
Rural Manitoba, Canada (1981) (6500)
US National Research Council 762 (2500)
IL, USA 457 (1500)
Riverside County, CA, USA 3218 (10560)

MI, USA 304 (1000)

scales between 3.2km and 300m, and that the setback standards are not even similar in different regions of the same country.
To standardize such safety guidelines, it is useful to employ mathematical models of the throw in various conditions and
risk assessment tools to associate the probability of failure in each particular setting.

Motions of solid particles in fluids were first addressed analytically by Kirchhoff.4 He showed that the equations of
motion for a solid body in an ideal fluid reduce to a set of ordinary differential equations (ODE) based on Euler’s equations.
Further experimental investigations on falling objects revealed, despite originating from Euler’s equations, various states
of chaotic motion. It was also mathematically shown that Kirchhoff’s equations had been prone to yield chaotic solutions
[5]. Tanabe et al.6 developed a set of two-dimensional equations of motion (including rotation) based on simple mechanics
in which plates of zero thickness were subject to lift, friction and gravity forces. Based on those assumptions, they found
five different falling patterns, ranging from a periodic movement to chaotic random motions depending on the density ratio
between the solid and the surrounding fluid and on the length of the object. Pesavento and Wang7 and Andersen et al.8

performed more detailed studies to determine the motion of a falling two-dimensional elliptic object using direct numerical
simulation of the Navier–Stokes equations. They took added mass and added moment of inertia into account and analyzed
the transient motion and local jumps of the falling object thoroughly.

Due to complications in a real-life blade accidents (erratic motions, high Reynolds numbers, complex geometries etc.),
the fundamental studies mentioned above could only partially help understanding the physics of wind turbine blade throw
patterns. To cope with the wind turbine problems, simplified approaches were used. Macqueen et al.,9 for instance, studied
the problem of blade-throw from wind turbines, using classical ballistics and also assumption of constant lift and drag. A
lift coefficient of Cl = 0.8 and a drag coefficient of Cd = 0.4 were used for the gliding simulations, with Cl = 0.0 and Cd =
1.0 for the tumbling motion. However, the probability that gliding would occur was deemed very small. Their maximum
throw studies using simple ballistic analysis, that is, by neglecting aerodynamic forces, showed that in the extreme throw
velocity of approximately 310m/s, the maximum throw length reaches 10km.

One of the first detailed studies on the aerodynamics of a detached wind turbine blade was performed by Sørensen1 using
a blade element approach. In this approach, the detached blade is divided into a number of sections and the aerodynamic
loads are determined for each section. The total external aerodynamic load on the whole blade would then be determined
as the summation of the individual forces on each section.

Wind Energ. 2016; 19:151–166 © 2015 John Wiley & Sons, Ltd.152
DOI: 10.1002/we
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Recently, Rogers et al.10 used a dynamic model employing quaternions instead of Euler angles and rotation vectors to
form the orientation matrix and performed Monte Carlo simulations of a large set of initial conditions in order to obtain a
range of the throw distances.

Ice throw has also been investigated, especially for the turbines erected in the cold climate. Seifert et al. measured
ice-throw accidents together with a simple aerodynamic model and performed risk analysis of the ice fragments thrown
from the blades.11 Recently, a model of ice throw for a wind turbine in operation was presented by Biswas et al.,12 in
which calculations were carried out for ice pieces by neglecting lift and using a fixed drag coefficient of Cd D 1.0. It was
also estimated that including the highest possible, lift increases the throw distance by approximately a factor of two.

The problem of blade/ice throw has also been investigated through the window of probabilistic methods. Such meth-
ods deal with risk levels and probabilities that a certain throw distance will occur. Such studies are typically performed
together with a dynamic model for calculating the throw distances. Macqueen et al.,9 Morgan,13 Morgan and Bossanyi14

and Rogers et al.10 carried out risk analyses of ice throw to determine safety guidelines for wind developments in
ice-prone areas. Sørensen15 proposed a statistical model that determines risk levels of debris hitting people. Similarly,
Carbone and Afferrante16 performed a combined probabilistic and dynamic analyses to quantify hazards due to the
blade throw.

In the present work, detailed aerodynamic analysis are performed for simulating flying debris. The cases include blade
throw in which the blade together with its components is thrown, a case in which only a shell laminate is thrown and a
case involving detachment of ice fragments. The governing equations of motion form a set of 18 ODEs responsible for the
six degree-of-freedom motion. The resulting system of discretized equations are solved using an ordinary time integration
method. Throw distances for four different turbine sizes ranging from 2.3 to 20 MW are compared, by employing simple
upscaling rules. The computations are carried out for different wind and tip speeds.

2. MATHEMATICAL MODELING

The equations of motion for a detached blade include equations of translation and equations of rotation. These are obtained
using Newton’s second law and Euler’s equations of motion, with the aerodynamic forces obtained from tabulated airfoil
data. To be able to quantify the rotational motion of the detached blade, the moments of inertia around the rotation axes
are calculated. This, however, cannot be calculated in a fixed coordinate system (i.e., an inertial system) since both the
moments of inertia and the rotational speeds are varying and a solution would become very complicated. Instead, the
equations are computed around the body-fixed principal axis, and the obtained values are subsequently transformed to
the global (inertial) coordinate system to represent the absolute location and orientations. Two coordinate systems are
defined here: a global coordinate system x D .x, y, z/ with the origin on the tower basement and orthonormal right-handed
unit vectors .Ei,Ej, Ek/, with the y-axis in the wind direction and the z-axis in the upward direction. A body-fixed coordinate
system b D .xb, yb, zb/ is defined by an orthonormal right-handed unit vector .Er1, Er2, Er3/, with the origin located at the
center of gravity of the detached blade fragment and the third axis parallel to the length axis of the blade (Figure 2).

Figure 2. Sketch of the problem and definition of coordinate systems.

Wind Energ. 2016; 19:151–166 © 2015 John Wiley & Sons, Ltd.
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The orientation of the detached part is determined through a matrix R, which gives the transformation from global
coordinates to the body-fixed coordinates2

64
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Er2

Er3

3
75 D �R�

2
64
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Ek

3
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4r11 r12 r13
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3
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2
64
Ei
Ej
Ek

3
75 D �R�1

�24Er1
Er2
Er3

3
5 (1)

Equation (1) holds for transformation of any variable between the two coordinate systems. This way of defining a
vectorized rotation matrix (as opposed to Euler’s scalar angles) ensures uniqueness of orientation angles and avoids the
problem known as gimbal lock.

The full six degree-of-freedom motion is governed by Newton’s second law of motion and Euler’s equations of motion:

m Rxg D F C mg (2)

I. P!b D !b � .I.!b/ D M (3)
where m is the mass of the blade, xg is the position vector of the center of gravity, F is the aerodynamic force acting on
the center of gravity, g is the gravitational acceleration, I is the moment of inertia tensor, ! is the angular velocity in the
rotating frame of reference, M is the aerodynamic force acting along the principal axis of the moment of inertia tensor and
../ denotes differentiation with respect to time. To close the system, the following relationship between the motion of the
unit vectors of the body (the blade fragment) and the angular velocity is used:

Pr D ! � r (4)

where ! is the angular velocity of the blade fragment in the inertial coordinate system, which by equation (1) is
transformed into the local body-fixed coordinate system. The total set of equations are solved using a fourth-order
Runge–Kutta–Nystrom or a third-order Adams–Bashforth method. For more information about the mathematical and
numerical treatment of the equations, readers are referred to the early work of Sørensen.1

2.1. Aerodynamic modeling

For the solution of the system of ODEs, a blade element approach is employed in which each blade is divided into n sections
along the span. In each section, the external forces and moments are calculated from airfoil data based on the local wind
speed and relative velocities.

The three-dimensional edge effects are to some extent considered through the finite aspect ratio assumption of the blade,
and the aerodynamic coefficients of lift and drag are calculated for all angles of attack based on flat-plate theory. The
induced velocities are, however, neglected, and the Reynolds-number dependence of the airfoil data is disregarded. Once
the aerodynamic coefficients are found, the lift, drag and moments on the blade fragment are computed as

Li D
1

2
�v2

i AiCLi, Di D
1

2
�v2

i AiCDi (5)

where Li and Di are lift and drag forces on the i-th section, � is the air density, vi is the local relative airspeed, Ai D ci�ri
is the local planform area where ci and �ri are the local chord and the section lengths, and CLi and CDi are the sectional
lift and drag coefficients at the desired angle of attack.

The static forces aerodynamic coefficients of the airfoil only depend on the angle of attack. Unsteady effects at high
angles of attack are included by using the dynamic stall model of Øye.18 In this model, the dynamic lift coefficient is
obtained by interpolating between the lift coefficient of an airfoil in a fully attached flow and a lift coefficient of the airfoil
when the flow around the airfoil is fully separated, i.e.,

Cl,dyn D fsCl,inv.˛/C .1 � fs/Cl, fs.˛/ (6)

where Cl,inv is the lift coefficient for a fully attached flow (i.e., inviscid flow assumption) and Cl, fs is the lift coefficient for
fully separated flow. The stall-changing rate is defined as

dfs
dt
D

f st
s � fs
�

(7)

where fs is the time-dependent separation function, which can be thought of as the unsteady weighting function between
the fully attached and the fully separated flow. f st

s is a function of airfoil section,

f st
s .˛/ D

Cl,st.˛/ � Cl, fs.˛/

Cl,inv.˛/ � Cl, fs.˛/
(8)
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and � is an empirically determined time constant giving the time lag between the dynamic value of fs and its static value. It
follows from equation (7) that

fs.tC�t/ D f st
s C

�
fs.t/ � f st

s

�
exp

�
��t

�

�
(9)

2.2. The atmospheric boundary layer effects

The inlet wind is included as a velocity profile corresponding to the Atmospheric Boundary Layer (ABL). As a result, in
addition to simulating uniform inflow,1 it is possible to simulate throw distances for blades thrown in wind fields following
a power or logarithmic law, depending on the specific site information. The ABL wind profile as a function of height and
atmospheric conditions reads

uz D
u�
�

�
ln

�
z

z0

�
C  .z, z0, L/

	
(10)

where u� is the friction velocity, � is the von Karman constant (� 0.41), z0 is the roughness length,  is a function of
atmospheric stability and L is the Monin–Obukhov stability parameter (see Wyngaard19 for more details).

If no data are available in a specific site, and neutral ABL is assumed, a power law u.z/ D uhub.z=zhub/
˛ , ˛ � 0.14 will

be used for the wind velocity at different heights having the wind velocity at hub height as an input. The power-law method
is used for the parametric studies in this paper.

Using the mentioned wind profile and denoting the local position vector of a point p on the wing as Erpb, the local relative
wind velocity Eupb, as seen by the blade fragment, is given as

Eupb D
�
R
�

..Euwind � Eug/ � E!b � Erpb (11)

where the wind vector is assumed to be Euwind D .0, uy, 0/, neglecting the vertical and lateral components.

3. SIMULATION RESULTS

Simulations of both blade-throw and ice-throw distances are performed by solving the equations derived in the previous
sections using the in-house aerodynamic code Savbal*. The overall procedure for the solution consists of three stages,
comprising coordinate transformation, aerodynamics load assessment and time integration. The initial position, orientation
and velocities of the detached part are first evaluated at their local coordinates. Based on these values, an iterative procedure
starts where the local velocities are evaluated, according to exerted aerodynamic loads, and integrated to give the location
and orientation of the fragment in global coordinates until the fragment reaches the ground level.

For the blade-throw analysis, cases with different detached lengths and tip speeds are compared in two sub-cases: (1) the
whole blade together with its sandwich structure is thrown and (2) only the shell layer of the blade is thrown. For ice-throw
analysis, it turns out that the drag to mass ratio plays an important role for the magnitude of the throw distance. As a result, a
few cases with different CdA=m ratios (as discussed by Biswas et al.12) with both standstill and running turbine conditions
are simulated. The analyses are performed for different wind turbine sizes.

3.1. Turbine upscaling laws

The throw distance analysis was initially performed for a 2.3 MW turbine using publicly available data. A series of empir-
ical relations was then used to upscale the data for the larger turbines, and the analyses were performed for four different
wind turbine sizes, i.e., 2.3, 5, 10 and 20 MW. The scale-up factors are first obtained for the blade length, which scales
as the square root of the power ratio. Therefore, denoting the blade length, mass (applicable to both total sandwich struc-
ture and the shell laminate masses) and mass moment of inertia for the reference turbine with index a, i.e., ra, ma and Ia,
respectively, the corresponding values for the upscaled turbine, index b, can be obtained as

rb D ra

�
Pb

Pa

�Sl

, mb D ma

�
rb

ra

�Sm

, Ib D Ia

�
mb

ma

��
rb

ra

�2

D Ia

�
rb

ra

�SmC2

(12)

*The computing code Savbal will be available upon request for further studies on this field.
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Table II. Characteristics of different turbine sizes considered in the throw analyses.

Size L� D L
R L (m) m (kg) Ix (kg�m2) Iy (kg�m2) Iz (kg�m2)

2.3 MW RD 45 m, H D 100 m 1.0 45 7.3E+3 0.1E+7 0.1E+7 0.3E+04
0.5 22.5 2.4E+3 0.1E+6 0.1E+6 0.40E+03
0.2 10 4.1E+2 0.4E+04 0.4E+04 0.2E+02

5 MW RD 66 m, H D 147 m 1.0 66 2.6E+04 0.9E+07 0.9E+07 0.2E+05
0.5 33 8.2E+03 0.1E+07 0.1E+07 0.3E+04
0.2 14 1.7E+3 0.3E+05 0.3E+05 0.2E+03

10 MW RD 93 m, H D 208 m 1.0 93 8.2E+04 0.5E+08 0.5E+08 0.1E+06
0.5 46.5 2.7E+04 0.6E+07 0.6E+07 0.2E+05
0.2 20 5.3E+3 0.2E+06 0.2E+06 0.1E+04

20 MW RD 132 m, H D 294 m 1.0 132 2.6E+05 0.3E+09 0.3E+09 0.9E+06
0.5 66 8.7E+04 0.4E+08 0.4E+08 0.1E+06
0.2 29 1.6E+04 0.1E+07 0.1E+07 0.8E+04

(a)

(b)

Figure 3. Schematic graphs of the throw distances for half-blade detachment changing (a) the initial release angles (upward-
clockwise reference) and (b) the tip speed velocities for the 2.3 MW reference turbine.

where I D .Ix, Iy, Iz/. In the previous relations, Sl D 1=2 and Sm depends on actual scaling laws when increasing the
size of the rotor. From simple upscaling rules, Sm would be equal to 3 , but because of more elaborate rotor designs, this
parameter is usually found to be somewhat smaller. In the present work, we employ Sm D 2.3 (see UpWind20 and TPI
Composites21 for more information on turbine scaling).
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3.2. Full-blade throw analysis

In this section, the throw distance analyses are performed for four different turbine sizes based on the upscaling rules
presented previously. Here, the term full blade refers to the case of blade shell including stiffening members (upper and
lower shells, spar, etc.). The dimensions and other characteristics of each turbine size are reported in Table II. In accordance
with the copyright policies of the turbine manufacturers, the data for the reference turbine (2.3 MW) do not correspond to
an existing turbine but are chosen to mimic a real turbine.

The analysis included a parametric study, where the effects of the length of the detached parts, incoming wind speeds,
blade tip speeds and wind turbine size on the blade-throw distances were investigated. The height of the tower is in all
considered cases assumed to be equal to the rotor diameter. Figure 3 shows three-dimensional visualizations of the throw
distances of a half-blade piece thrown of the 2.3 MW machine for different initial conditions. The small colored patches in
the figure shows the instantaneous orientation of the detached part. For the sake of clarity, only some selected curves are
shown in the figure. Figure 3(a) shows the effect of release angle on the throw distance, and Figure 3(b) shows the effect

Figure 4. Throw distance calculations of full blade with three different detached lengths for 2.3, 5, 10 and 20 MW turbines at the
normal operating condition of Vtip D 70 m/s. The horizontal axis shows the wind speed at the hub height and the vertical axis

represents the throw distance.Þ Þ Þ: L� D 0.2;���: L� D 0.5; and o o o: L� D 1.

Figure 5. Throw distance calculations of full blade with three different detached lengths at a high tip speed of Vtip D 100 m/s.
Legends are similar to those in Figure 4.
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of release tip velocity. As can be seen, the release tip speed is a very important factor influencing the maximum throw
distances. Normal operating conditions with Vtip D 70 m/s result in throw distances of about 500 m long, whereas a tip
speed of Vtip D 150 m/s may lead to throw distances up to 2 km.

For the quantitative analysis performed in the next section, the fragments are thrown at a release angle of 45ı from
the horizon (225ı measured upward-clockwise) in all calculations. The full-blade and blade-shell throw calculations are
performed using flat-plate assumption for the aerodynamic coefficients.

Figures 4, 5 and 6 show the throw distances for three different fragments of the full blade for a combination of three
blade tip speeds (vtip D 70, 100 150 m/s) and four different incoming wind velocities (with power-law profiles) ranging
between 0 and 22 m/s at hub height.

The figures are divided into three groups, the first group (Figure 4) shows the throw distances, relative to the tower
position, for different incoming wind speeds (shown on the horizontal axis) and different detachment lengths at a tip speed
of Vtip D 70 m/s. The detachment length L�, shown with markers, is the length of the detached piece, measured from the
blade tip and normalized by the blade length. The throw distances are calculated and plotted for the four considered wind
turbine sizes ranging from 2.3 to 20 MW. As can be seen, except for the 2.3 MW machine, the effect of the incoming wind
on the throw distance is almost negligible. Similarly, the effect of turbine size on the throw distance is minimal and the main

Figure 6. Throw distance calculations of full blade with three different detached lengths at an extreme tip speed of Vtip D 150 m/s.
Legends are similar to those in Figure 4.

Figure 7. Sensitivity of throw distances of full blade to the initial pitch setting for 2.3, 5, 10 and 20 MW turbines operating at
Vtip D 70 m/s. Þ Þ Þ: L� D 0.2;���: L� D 0.5; and o o o: L� D 1.
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parameter governing the throw distance is the detachment length. The minimum throw distance is obtained for the heaviest
fragment (L� D 0.2) thrown from the 2.3 MW turbine, while the maximum throw distance of all cases at Vtip D 70 m/s is
around 600 m for the lightest fragment (L� D 0.2).

Figure 5 shows the same graphs for the higher tip speed of Vtip D 100 m/s, where the maximum throw distances for the
smallest and largest turbines are about 500 and 1000 m, respectively, while the minimum throw distance is reached for a
full-blade throw (L� D 1) of a 2.3 MW turbine. Also, it is clear that the effect of the hub-height wind velocity is still very
small. Figure 6 shows the same plots for the most extreme case considered, i.e., using a tip speed of Vtip D 150 m/s. Here,
the thrown pieces reach throw distances ranging from approximately 350 m for the full-blade throw for a 2.3 MW turbine
to about 2000 m for the lightest fragment thrown from the 20 MW turbine.

As can be seen from the red curve in Figure 6 for the 10 MW turbine (bottom-left), the throw distance has unexpectedly
decreased when increasing the wind speed from 10 to 15 m/s. This behavior is somehow repeated to a smaller extent in other
cases, especially at higher tip velocities. The unexpected results can happen because of the fact that a small change in the
initial conditions can change the force/moment distributions on the fragments, thereby changing the trajectory drastically.
To investigate the erratic motion further, the effect of initial pitch setting on the trajectory is analyzed in the next section.

Figure 8. Sensitivity of throw distances of full blade to the initial pitch setting at Vtip D 100 m/s. Legends are similar to those
in Figure 7.

Figure 9. Sensitivity of throw distances of full blade to the initial pitch setting at Vtip D 150 m/s. Legends are similar to those
in Figure 7.
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3.2.1. Effect of initial pitch settings.
As explained earlier, analyses of the throw trajectories show that the throw distance for a particular wind turbine sometimes
exhibits an erratic behavior going from one dominant solution to another with only a slight change in the initial conditions.

Table III. Aspect ratios, reference chord length Cref and detached mass m of the blade shells
(�shell D 1700 kg/m3) used for throw simulation from turbines of different sizes.

2.3 MW 5 MW 10 MW 20 MW

Cases� AR Cref (m) m (kg) Cref (m) m (kg) Cref (m) m (kg) Cref (m) m (kg)

AR D 1 34 83 184 408
AR D 5 1 170 1.5 415 2.1 920 3 2040
AR D 10 340 830 1840 4080

Figure 10. Throw distance calculations of blade shell with three different aspect ratios (invariant chord length for each turbine) for 2.3,
5, 10 and 20 MW turbines at a normal operating condition of Vtip D 70 m/s. Þ Þ Þ: AR D 1;���: AR D 5; and o o o: AR D 10.

Figure 11. Throw distance calculations of blade shell at high tip speed of Vtip D 100 m/s. Legends are similar to those
in Figure 10.
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To understand this behavior, a sensitivity study is performed to investigate the effects of the initial pitch settings on the
trajectory. Figures 7–9 demonstrate the pitch angle dependence of the full-blade throw distances for different turbine sizes
and tip speeds, where the throw distances are obtained for release pitch angles ranging from 0ı to 90ı. As can be seen, the
pitch setting has a substantial impact especially for the lighter parts. In general, higher throw distances are achieved using
fragments thrown at lower pitch angles, which are due to the reduced drag. The effect of pitch angle on the heavier pieces
(green and blue curves) is, however, smaller. The reason for this is that the aerodynamics plays a less significant role for the
heavy parts in the throw distance calculation and the distance is mainly governed by the inertial forces. For the extreme tip
velocity, and especially for the 2.3 MW turbine, increasing the pitch angle produces erratic throw distances for the lightest
fragments. The exact reason for such erratic behavior has not been yet understood, but it is most likely explained by the
physics of the problem, as explained earlier.

Figure 12. Throw distance calculations of blade shell at an extreme tip speed of Vtip D 150 m/s. Legends are similar to those
in Figure 10.

Figure 13. Sensitivity of throw distances of blade shell to the initial pitch setting at Vtip D 70 m/s. Legends are the same as
in Figure 10.
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3.3. Blade-shell throw analysis

An analysis of available data from blade failure accidents shows that depending on the manufacturing method and the
structural integrity of the blade, it might first shatter into lighter parts, with the consequence that the shell layer is most
likely to be thrown away. Three cases of different aspect ratios are considered for the shell throw analyses. For the reference
case of 2.3 MW turbine, an average chord of 1 m and a shell thickness of 2 cm are chosen, and three aspect ratios (where
AR is defined as the ratio of span to average chord) of 1, 5 and 10 are investigated. Then keeping the same AR, the analysis
is repeated for each of the turbines introduced in the preceding sections. The density of the shell, consisting of fiber and
glass, is assumed to be 1700 kg/m3. Table III shows the test cases used for blade shell throw simulations.

Throw distances for the four different turbine sizes with the same working conditions as those for the full-blade case
are plotted in Figures 10–12. Here, the non-dimensional length is replaced by the aspect ratio of the blade shell and three
different aspect ratios are considered. As can be seen, increasing the hub-height wind speed and the turbine size generally
results in larger throw distance. Nevertheless, an erratic behavior, as mentioned in the previous section, appears in the

Figure 14. Sensitivity of throw distances of blade shell to the initial pitch setting at Vtip D 100 m/s. Legends are the same as
in Figure 10.

Figure 15. Sensitivity of throw distances of blade shell to the initial pitch setting at Vtip D 150 m/s. Legends are the same as
in Figure 10.
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simulation results. By comparing the shell-throw graphs with the corresponding figures from the full-blade analysis, the
throwing range of the blade shells and that of the full-blade structure are seen to be of the same order of magnitude. That
is, the range is between 300 m for the 2.3 MW turbine operating at Vtip D 70 m/s and a maximum of 2200 m obtained
for the 20 MW turbine in the extreme case of Vtip D 150 m/s. However, unlike the full-blade throw cases, the case with
the smallest length (AR D 1) reaches the least throw distance, whereas for the full blade, the smallest fragment reaches the
highest distance. This is most probably due to the fact that the small shell object is lighter and the corresponding inertial
force is relatively small as compared with the drag forces.

As a comparison, the throw distances obtained for the ballistic motion of an equivalent particle in vacuum was also
performed (results not shown), in which case there is no aerodynamic forcing on the objects. The results revealed that the
ballistic throw distances are the most extreme cases in terms of throw distance.

3.3.1. Effect of initial pitch settings.
Similar to Section 3.2.1, the role of initial pitch setting on the trajectory of thrown blade-shell debris is assessed.
Figures 13–15 show the pitch angle dependence of the throw distances for different turbine sizes and tip speeds for the
blade-shell cases. Similar to the full-blade throw cases, the pitch setting has a substantial impact on the throw distance of
thrown blade-shell structures. One major difference with the full-blade cases is, however, that the effect of the shell aspect
ratios on the throw distance is much less significant and all of the cases show similar behavior with AR D 1 cases (red
diamonds), predicting smaller throw distances in general.

3.4. Ice throw

For the analysis of the ice throw, the same procedure as for the blade throw is applied except that the throw analysis is
not performed for the extreme tip speed conditions but only for the standstill where the tip speed is zero, and the running
conditions, where the turbine is assumed to rotate in its normal operational mode at a tip speed of 70 m/s. For the icing case,

Table IV. Aspect ratios, reference chord length Cref and detached mass m of the ice fragments
(�ice D 0.7 kg/m3) used for throw simulation of turbines of different sizes.

2.3 MW 5 MW 10 MW 20 MW

Cases� AR Cref (m) m (kg) Cref (m) m (kg) Cref (m) m (kg) Cref (m) m (kg)

AR D 1 0.18 0.43 0.97 2.16
AR D 2 0.1 0.36 0.15 0.87 0.2 1.95 0.3 4.33
AR D 3 0.54 1.31 2.94 6.49

Figure 16. Throw distance calculations of ice fragments for three different aspect ratios for 2.3, 5, 10 and 20 MW turbines in standstill
operation (Vtip D 0 m/s).Þ Þ Þ: AR D 1; ���: AR D 2; and o o o: AR D 3.
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a density of 700 kg/m3 is used (see also Seifert et al.11). The dimensions of the tested ice fragments and corresponding
turbine sizes are shown in Table IV. According to field studies performed by, e.g., Cattin et al.,22 most of the ice fragments
thrown away from turbine are broken into objects that typically are smaller than 1 kg. However, fragments as heavy as up
to 1.8 kg have also been observed. Because the pieces are so light, the throw distance of an ice piece is mainly governed by
the drag forces applied on it (which are only functions of mass–area ratio) and the incoming wind.

Similar to the previous section, studies of the effects of different parameters on throw distances are performed and
plotted in Figures 16 and 17 with the graphs structured in the same way as in the previous sections.

For the simulations, no lift is considered and the drag coefficient according to the flat-plate assumption is used. Figure 16
shows that the throw distances of the standstill case range from 30 to 100 m for different turbine sizes and incoming wind
speeds. For the running conditions however, the fragments can reach distances up to 600 m. It is also clear from the figure
that in many cases the aspect ratio does not play a significant role in the determination of throw distances.

3.5. Maximum throw distances

This section presents a summary of the previous results in terms of maximum throw distances. The maximum throw
distances are obtained from the entire set of previous simulations regardless of the size and upcoming wind speed and
plotted in Figure 18 for the full-blade and blade-shell cases and in Figure 19 for the ice-throw cases, respectively. In all

Figure 17. Throw distance calculations of ice fragments for three different aspect ratios for turbines in normal operation (Vtip D
70 m/s). Legends are the same as in Figure 16.

Figure 18. Maximum throw distances obtained for (a) full blade and (b) blade shell in different operating conditions. Blue line: Vtip D
70 m/s as a function of turbines power.

Wind Energ. 2016; 19:151–166 © 2015 John Wiley & Sons, Ltd.164
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Figure 19. Maximum throw distances obtained for the ice throw in (a) standstill operation, i.e., Vtip D 0 m/s and (b) normal operating
condition, i.e., Vtip D 70 m/s as a function of turbines power.

figures, the horizontal axis shows the turbine capacity and the vertical axis represents the maximum throw distance. It can be
concluded that, in general, the tip speed has a large impact on the throw distances. From Figure 18(a), the turbine size does
not affect the throw distances drastically for the lower tip speeds, whereas throw distances at high tip speeds experience a
significant growth with increasing turbine size. Figure 18(b), on the other hand, shows that the effect of turbine size on the
throw distance for the shell parts is almost negligible.

4. CONCLUDING REMARKS

Trajectory analysis of detached parts of blades and ice fragments thrown from horizontal-axis wind turbines was studied
extensively using Newton’s and Euler’s equations of motion and rotation, employing a blade element approach for the aero-
dynamics. Full-blade and blade-shell analyses were performed for turbines running under different tip velocities. Turbine
upscaling laws were derived, and simulations of throw distances were performed for four different turbine sizes, ranging
from existing 2.3 MW machines to future 20 MW turbines.

In some cases, erratic behavior was observed in the computations, where a small change in one parameter could influence
throw distance drastically. The behavior was believed to depend highly on the initial conditions. A likely explanation is
that a small change in positioning and velocity components in some cases alters the distribution of forces on the detached
objects and causes significant changes in the trajectory.

Maximum throw distances obtained at different tip speeds and detachment sizes were analyzed, and it was shown that
the tip speed plays the most important role in the throw distance. From the full-blade throw analysis, it was shown that,
when released at extreme tip speeds, throw distance picks up more rapidly with the tip speed rather than throw at lower
tip speeds (looking at the absolute throw distances). The considered [thrown] full-blade pieces reached approximately 700,
900 and 2000 m at tip speeds of 70, 100 and 150 m/s, respectively. For the blade shell, throw distances were found to be
approximately constant as turbine size escalates, and of the same order of magnitude as in the full-blade throw. Throw
calculations were also obtained at the tip speeds of Vtip D 0 and Vtip D 70 m/s for ice pieces of three different aspect
ratios and it was seen that the maximum throw distances scaled almost linearly with the turbine size irrespective of the tip
speed. The ice-throw distances reached about 100 and 600 m in standstill Vtip D 0 m/s and normal operating conditions
Vtip D 70 m/s, respectively. The throw distances presented by this study were obtained with respect to a set of initial
parameters without taking into account their probabilities of occurrence. The authors are extending the current study to
include the risk levels associated with each of the cases.
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VICKIE MAY: Thank you. Good afternoon, Senators. I'm going to try. I have nothing prepared. 

I'm just going to spealc to you from my heart. I know we're not allowed to ask questions, but I'd 

like to ask how many of you live by an industrial wind complex? [LR125J 

SENATOR HUGHES: Ma'am, could you spell your name for the record? [LR125] 

VICKIE MAY: Vickie May, V-i-c-k-i-e M-a-y. [LR125] 

SENATOR HUGHES: Thank you. [LR125] 

VICKIE MAY: (Exhibit 20) I live in northern Holt County, home to the currently BHE's largest 

operating wind turbine complex. I don't !mow where to start. It has ruined our life. Our property 

rights have been stripped. There are nights we're up fully dressed at 3:00 in the morning because 

the sound from those turbines penetrate our home and we are a mile and one-third from the 

closest turbine. When the project originally came in, we were told ... my husband is on planning 

and zoning in our county. The project developer looked him in the eye and said, Keith, you have 

nothing to worry about. There will be no turbines within four to five miles of you. From our 

south comer we look at 72 wind turbines. They tell you that they don't make any more sound 

than your dishwasher. I tell you people if you had a dishwasher that was that noisy you would 

immediately replace it. Besides that, the dishwasher isn't mounted 425 foot up in the air and 

there aren't 72 of them outside your home. It is like a jet plane revving up to take off but the 

plane never leaves. That sound is constantly with you. When the wind gets to a current...a certain 

speed, then you get a thumping like you're drying boots in a dryer when that blade deflects past 

that base. And it's always when we're on the downwind side when we have a southeast, east

southeast, south wind, southwest wind, which as you lmow in the state in Nebraska that is the 

prevailing wind nine months of the year. My husband and I tried to go through the proper 

channels to get this alleviated. We first contacted ... when they first started, when we first heard 

bulldozers corning in, we knew our view scape had changed forever. We thought maybe we 

could get used to that. When the turbines became fully operational in October oflast year, we 
had prayed daily that we wouldn't be able to hear them. That was certainly dashed. On the 20th 

of December last year, we contacted the site manager. He said, I'll come up to your place. When 

we got out of his pickup you could tell he was surprised at what he was hearing. He apologized 
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to us. He said, I didn't realize you were here because since we're a mile outside of the project, 

we're not considered in the project. He said, I'll see what I can do for you. We'll see what we can 

do to alleviate this problem. Two weeks later he was let go of his position. I e-mailed him and 

tried to get some information, but they placed a gag order on him. We've called the project 

manager more times than I care to even and I've got records. So we were forced to buy an 

expensive decibel meter at our home and these are logs of decibels that we take on a daily basis: 

what it sounds like, what direction the wind is from, and what the decibel ratings are. Holt 

County granted the CUP on 50 decibels, which I don't know if any of you have studied sound. I 

have learned. I had to and if you can tell me the difference between 35 decibels and 45 decibels. 

You think, well, that's ten decibels more. No, in sound that is ten times more decibels. So every 

time you jump up five decibels, it's five times more decibels. I've been in the project taking 

decibel readings. You can't get anything close to 50. Usually they're around 70 up to 98. At our 

property, they put out a slick binder that tells you the projections of what you should be hearing 

and not hearing. They're only projections until those turbines are built. They don't tal<e into 

consideration how peaceful it was before, the atmospheric conditions,_ the topography. It's all 

based on projections. At our home, they had us projected to not hear more than 30-39. You're 

welcome to my studies but it's always over that. We rarely get anything other than that when the 

wind's not blowing. Our decibel meter also rates it on a C scale. The wind turbine people, all 

their studies are done on an A-rated scale which only tal<es in the midline sounds--nothing high, 

nothing low. C rating is also low sounds which I'm very susceptible to. I can actually in the 

winter when there's less ambient sounds, no tractors in the fields, very little traffic, no leaves on 

the trees, I can feel the pulsing of those turbines in my chest. As I stated earlier, we get very little 

sleep. Everybody says the health concerns are debunked, but I don't care to go into my health 

issues today. But I am having problems that I have never had in my life before. And I thank you 

for your consideration and your time. And if you ever have the chance to live by one, run. I didn't 

have the opportunity and it breal<S my heart to think that everything we have worked our whole 

life for we may have to abandon or we may have to sell out. Thank you. [LR125] 

SENATOR HUGHES: Thank you, Ms. May. Are there questions? [LR125] 

VICKIE MAY: Are there any questions? [LR125] 
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SENATOR WALZ: I was wondering ifwe could get a copy of that information. [LR!25] 

VICKIE MAY: Yes. It's a lot of pages and I can sure get it to you. [LR125] 

SENATOR HUGHES: Okay. Any other questions? Senator Albrecht. [LR125] 

SENATOR ALBRECHT: I thank you so much for sharing what you have because you are living 

it. They ... the others that are here might not want to live it, but they already know what's coming. 

And, you lmow, I've just jotted down some notes from the previous folks, too, and I'm just 

probably airing my frustrations right now. So your husband served on the Planning Commission. 

[LR125] 

VICKIE MAY: Yes. [LR125] 

SENATOR ALBRECHT: And they promised you, somebody did, either at the county level or the 

planning level that it's okay, you're only going to be at 35-39 decibels. But if you have that 

documentation that it is much higher, you lmow, people don't want to have to spend their hard

earned dollars to sue somebody. But I'm sorry, I think we do have a responsibility in this room to 

be able to look into these type of things, because to have a gag order on somebody who's part of 

a project and I've already read the book. So I get all that you're talking about and I probably 

would have asked the other gentleman a few more questions. But in the time constraints that we 

have, I'm just wanting you to understand that planning and zoning have a huge say in whether 

something comes or goes. But if you're telling me that these projects come without the planning 

and zoning's approval or their county board's approval, and some places don't have planning 

boards, so if you had one that's a great thing. But there is documentation just like we have here 

today that they told you what you should expect and shouldn't expect. So with that, that might be 

one place to go is back to your county or your planning board... [LR125] 

VICKIE MAY: We've tried. [LR125] 

SENATOR ALBRECHT: ... whether it was your husband sitting there or not, but ... [LR125] 
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VICKIE MAY: We've tried. [LR125] 

SENATOR ALBRECHT: But it's wrong, and you know what, as a state legislator, I'm really 

disturbed with what I'm hearing. And I'm even more disturbed if the public power has the ability 

to come in and put these lines down, whether the project is approved or not. Yours might have 

already been. Maybe they kissed the paper and there it went. [LR125] 

VICKIE MAY: There's nothing to help us, but I want to help anybody else I can. And something 

I didn't get to is we also contacted Alicia Knapp, the project manager, Tom Budler who I think 

gave a presentation at noon to you people today. They've been to my home. And the conclusion 

of what they told me, I asked ifwe could have an independent sound study--absolutely not. 

[LR125] 

SENATOR ALBRECHT: Why not? [LR125] 

VICKIE MAY: They would use the people that they have always used. I asked them. I said, 

would you please provide me with that information so I can research them and see ifl will get a 

fair shake out of this deal. That was on June 9 they were at my house. I am waiting yet today to · 

get that information they promised me. And at the conclusion of that meeting, Alicia Knapp 

looked me in the eye and I said, just be honest with me here. What are we to do? She said you 

are to put up and you are to shut up. My own county co=issioner told my husband and I that 

we are the collateral damage for the good of Holt County. That does little to help you get to sleep 

at night when those turbines are thumping. We've been back to our zoning administrator. We 

have asked for meetings. I don't know how many times we get shot down, every time. We can't 

change the regulations. We know they're going to come back for more turbines. We want to get 

the setback set back further. The wind company will tell you those turbines will slough ice up to 

a half a mile. Our county road setbacks are only have the diameter of one blade which is 90 feet. 

Do you want to be the one driving down the road when that thing decides to let go? There's 

someone else who's going to talk about how the fire departments are not able to go on to that 
property to fight a fire. They have to stay on the road. That does little good when there's 

grassland all to the south of me and I'm living to the north of that and that fire is coming at me. 

There are so many things that we need responsible setbacks. We need responsible decibels. But 
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we let big wind come in and tell us how it's going i:o be. They wine and dine our county officials 

and they have what they call Windmill Wednesdays up there in Holt County where they have 

coffee and donuts on Wednesdays and they wine and dine them. They give them jackets with 

their names embroidered on them and stuff. When we do have meetings, our local officials sit 

with the wind turbine people. They don't sit with their constituents. So I'm here today just to ask 

any help that you can be because you would not want anyone in your family up to have to live 

like this. We were hoping to pass our land on to our children and grandchildren, but I don't know 

if we'll be able to stay. At what point should we have to make the decisions because my 

neighbor. And I believe in personal property rights and I'm a private person and I'm living, 

minding my own business. But you don't know how bad I wished I would have stuck my nose in 

a little bit further. [LR125] 

SENATOR ALBRECHT: I appreciate your testimony. [LR125] 

VICKIE MAY: Thank you. [LR125] 
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ATTACHMENT 1 
 
 
 
 

WIND TURBINE SAFETY CONSIDERATIONS 
 
 
 
Vestas is one of the leading wind turbine manufacturers, with approximately 70% market 
share worldwide.  Based on its prominence in the world market, the Vestas Safety 
Manual (32 pages) is a credible source of safety information. Nordex is another well 
know manufacturer of wind turbines.  Its Safety Manual (130 pages) likewise is 
considered a credible source of information on the subject of safety. 

 
On page 3 of the Vestas Safety Regulations for Operators and Technicians Manual, point 
# 2. – Stay and Traffic by the Turbine, Vestas personnel are instructed to stay away from 
a turbine by 400 m (1312 ft) unless it is necessary. Taken in context, this distance would 
apply to normal operating conditions. (See Exhibit 1) 

 
Under abnormal operating conditions, Vestas expands this distance in consideration of 
the safety of its employees.  This is evidenced by the Vestas Confidential Health and 
Safety Instruction manual for a Falmouth MA wind farm.  Page 10 of this manual 
addresses the situation of a free spinning “runaway turbine”.  In that manual, instructions 
are for no one to be allowed within a 1640 feet (500 m) radius. (See Exhibit 2) 

 
The Nordex Safety Manual also addresses safety in the context of a fire. On page 52, 
under section 9.3 Fire, it states: 

 

 
DANGER FALLING TURBINE PARTS In case of a fire in the nacelle or on the rotor, 
parts may fall off the wind turbine. In case of a fire, nobody is permitted within a radius of 
500 m from the turbine.  (See Exhibit 3) 

 
Given that these standards apply to employees who are familiar with the safety 
implications of wind turbines and are equipped to deal with abnormal conditions, it is 
indefensible, from a safety perspective alone, to specify in a wind ordinance designed to 
protect the public health, safety and welfare a setback that is less than 1640 feet. 
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Exhibit 1  
Item no.: 960314.R5 Date 2006-09-11 
Issued by: Technology Class: II 
Type: MAN Page 3 of 32 
Safety Regulations for Operators and Technicians 
V90 – 3.0MW/V100 – 2.75MW 
Vestas Wind Systems A/S · Alsvej 21 · 8900 Randers · Denmark · www.vestas.com 

1. Introduction 
A turbine connected to the grid implies certain elements of danger if it is handled without 
exercising proper caution. 
For safety reasons, at least two persons have to be present during a work procedure. 
The work must be properly carried out in accordance with this manual and other related 
manuals. This implies, among other things that personnel must be instructed in and 
familiar with relevant partsof this manual. 
Furthermore, personnel must be familiar with the contents of the “Substances and 
Materials” regulations. 
Caution must especially be exerted in situations where measurement and work is done 
in junction boxes that can be connected to power. 
Consequently the following safety regulations must be observed. 

2. Stay and Traffic by the Turbine 
Do not stay within a radius of 400m (1300ft) from the turbine unless it is necessary. If 
you have to inspect an operating turbine from the ground, do not stay under the rotor 
plane but observe the rotor from the front. 
Make sure that children do not stay by or play nearby the turbine. If necessary, fence the 
foundation. The access door to the turbine must be locked in order to prevent 
unauthorized persons from stopping or damaging the turbine due to mal-operation of the 
controller. 

3. Address and Phone Number of the 
Turbine 
Note the address and the access road of the turbine in case an emergency situation 
should arise. The 
address of the turbine can often be found in the service reports in the ring binders next 
to the ground 
controller. Find the phone number of the local life-saving service. 
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Exhibit 2  
 

 
 

Vestas advises to “evacuate by running upwind 
…access to the surrounding area in a radius of 
at least 500 meters [1640 ft.] must be 
restricted.” 

V-.!<J 10 00 711- 04 EN 
Issued by. Tech not ogy 
Twe: Wirklnstru::tion 

2.6.1 Special vehicles 

Vestas Confidential -Falmouth 

Health & Safety lnstructia, 

fmportant Protect the environment: stop engines when vehicles are not in use. 

Date: 20 O&- 11-06 
Ctass:11 

Pas• 10 of 65 

• Drivers of ipecial vehicles, such as extra wide or high vehicles, must only <tive orto the site with prior 
agreemert with the supervisor/ste manager \\ho will advise as to the prd'erred route and possible site 
risks. 

• The rupcrvisor/sitemanagerwill also amnge for auxiliary vehicles, if necessary. 

2.7 In Case of Runaway Operation 
A 1U1away opcnticn is almost inpossible, as it would require several circumstances to h~pm a the same 
time 

• If a runaway operati:>n !hould occw-, the plmt mu!t be evacuated inmediately by rumi.ng upwind, and 
access to the surrounding area in a radius of at lea!t 500 metres must be r~ricted 
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Exhibit 3  
 
 

Revision 04 / 2011-07-18 Safety Manual 
 
 
The WT itself is adequately protected against damage by comprehensive lightning protection 
measures. However, persons inside or in the proximity of a WT are still at risk. ■ Initially, 
proceed as in a grid failure ■ Leave and lock the WT ■ Wait at a safe distance from the WT 
until the thunderstorm has passed Do not re-enter the WT until the thunderstorm has passed. 

 
 
 
 
 

9.3Fire 
 
 
DANGER 

FALLING TURBINE PARTS 
 
In case of a fire in the nacelle or on the rotor, parts may fall off the wind turbine. In case of a 
fire, nobody is permitted within a radius of 500 m from the turbine. 

 
NOTE The WT is equipped with ABC powder fire extinguishers for fighting incipient fires. 
At least one fire extinguisher is located in the tower base near the door and another in the 
nacelle near the Topbox. This makes it possible to extinguish burning solids and liquids, as 
well as fires in electrical systems of up to 1,000 V. These fire extinguishers are not suitable 
for extinguishing a fire on the high-voltage elements, see Chapter 9.3.2 "Fire in medium- 
voltage switchgear or transformer". 

 
 
 
9.3.1 Fire in the WT 

 
■ Remove any persons from the danger area ■ If possible, disconnect the burning object from 
the grid ■ Fight the fire with available means if there is any chance of success ■ If the fire 
cannot be extinguished or if there is no chance of success, call the fire department ■ Inform 
the responsible Remote Monitoring 

 

 
 
 
 
 

Page 52 of 130 NALL01_011010_EN Fire 
 

 
 
 
 

~ ORDEX 
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Ice Shedding and Ice Throw 
Risk and Mitigation 

Introduction 
As with any structure, wind turbines can accumulate ice under 

certain atmospheric conditions, such as ambient temperatures 

near freezing (0°C) combined with high relative humidity, freezing 

rain, or sleet. Since weather conditions may then cause this ice to 

be shed, there are safety concerns that must be considered during 

project development and operation. The intent of this paper is to 

share knowledge and recommendations in order to mitigate risk. 

The Risk 
The accumulation of ice is highly dependent on local weather 

conditions and the turbine's operational state_l2A1 Any ice that is 

accumulated may be shed from the turbine due to both gravity 

and the mechanical forces of the rotating blades. An increase in 

ambient temperature, wind, or solar radiation may cause sheets or 

fragments of ice to loosen and fall, making the area directly under 

the rotor subject to the greatest risks111
. In addition, rotating turbine 

blades may propel ice fragments some distance from the turbine

up to several hundred meters if conditions are righti1•
2

•
31 Falling ice 

may cause damage to structures and vehicles, and injury to site 

personnel and the general public, unless adequate measures are 

put in place for protection. 

Risk Mitigation 
The risk of ice throw must be taken into account during both 

project planning and wind farm operation. GE suggests that 

the following actions, which are based on recognized industry 

practices, be considered when siting turbines to mitigate risk for 

ice-prone project locations: 

• Turbine Siting: Locating turbines a safe distance from any 

occupied structure, road, or public use area. Some consultant 

groups have the capability to provide risk assessment based on 

site-specific conditions that will lead to suggestions for turbine 

locations. In the absence of such an assessment, other guidelines 

may be used. Wind Energy Production in Cold Climate161 provides 

the following formula for calculating a safe distance: 

1.5 * (hub height+ rotor diameter) 

While this guideline is recommended by the certifying agency 

Germanischer Lloyd as well as the Deutsches Windenergie-

GE Energy I GER-4262 (04/06) 

lnstitut (DEWI), it should be noted that the actual distance is 

dependant upon turbine dimensions, rotational speed and 

many other potential factors. Please refer to the References 

for more resources. 

• Physical and Visual Warnings: Placing fences and warning signs 

as appropriate for the protection of site personnel and the public_l41 

• Turbine Deactivation: Remotely switching off the turbine when 

site personnel detect ice accumulation. Additionally there are 

several scenarios which could lead to an automatic shutdown 

of the turbine: 

- Detection of ice by a nacelle-mounted ice sensor which is 

available for some models (with current sensor technology, 

ice detection is not highly reliable) 

- Detection of rotor imbalance caused by blade ice formation 

by a shaft vibration sensor; note, however, that it is possible 

for ice to build in a symmetric manner on all blades and not 

trigger the sensor121 

- Anemometer icing that leads to a measured wind speed 

below cut-in 

• Operator Safety: Restricting access to turbines by site personnel 

while ice remains on the turbine structure. If site personnel 

absolutely must access the turbine while iced, safety precautions 

may include remotely shutting down the turbine, yawing to place 

the rotor on the opposite side of the tower door, parking vehicles 

at a distance of at least 100 m from the tower, and restarting the 

turbine remotely when work is complete. As always, standard 

protective gear should be worn. 
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1111 ABSTRACT 

The WHO Regio nal Office for Europe set up a working group o f 
experrs to provide scientific advice to the Member States fo r the 
development o f future legislation and policy action in the area of 
assessment and control o f night noise exposure. The working 
group reviewed available scientific evidence o n the health effects 
of night noise, and derived health-based guideline values. In 
December 2006, the wo rking group and sta keholders from indus
try, government and nongovernmental organizations reviewed 
and reached general agreement on the guideline values and key 
texts for the final d ocument of the N ight noise guidelines for 
Europe. 

Considering the scientific evidence on the thresholds o f nig ht noise 
exposure indicated by Lnighr,ourside as defined 111 the 
Environmental No ise Directive (2002/49/EC), an Lnighr, ourside of 
40 dB sho uld be the target of the night noise guideline (N NG ) to 
protect the public, including the most vulnerable groups such as 
children , the chronically ill and the elderly. L nighr,ourside value of 
55 d B is recommended as an interim target for the countries where 
the NNG cannot be achieved in the short term for vario us rea
sons, and where policy-makers choose to adopt a stepwise 
approach. These guidelines are applicable to the Member States of 
the European Region , and may be considered as an extension to, 
as well as an update of, the previous WHO Guidelines for com
munity noise (1999). 
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FOREWORD 

WHO defines health as a state of complete physical, mental and 
social wdl-being and nor merely the absence of disease or infirmity, 
and recognizes the enjoyment of the highest attainable standard of 
health as one of the fundamental rights of every human being. 
Environmental noise is a rl1reat to public health, having negative 
impacts on human health and well-being. In order to support the 
efforts of the Member States in protecting the population's health 
from the harmful levels of noise, WHO issued Guidelines for com
munity noise in 1999, which includes guideline values for commu
nity noise in various settings based on the scientific evidence avail
able. The evidence on health impacts of night noise has been accu
mulated since then. 

In the WHO European Region, environmental noise emerged as 
the leading environmental nuisance triggering one of the most 
common public complaints in many Member States. The 
European Union tackled the problem of environmental noise with 
an international law on the assessment and management of envi
ronmental noise. The WHO Regional Office for Europe devel
oped the Night noise guidelines for Europe to provide expertise 
and scientific advice to the Member States in developing future 
legislations in the area of night noise exposure control and surveil
lance, with the support of the European Commission. This guide
lines document reviews the health effects of night time noise expo
sure, examines exposure-effects relations, and presents guideline 
values of night noise exposure to prevent harmful effects of night 
noise in Europe. Although these guidelines are neither standards 
nor legally binding criteria, they are designed to offer guidance in 
reducing the health impacts of night noise based on expert evalu
ation of scientific evidence in Europe. 

The review of scientific evidence and the derivation of guideline 
values were conducted by outstanding scientists. The contents of 
the document were peer reviewed and discussed for a consensus 
among the experts and the stakeholders from industry, govern
ment and nongovernmental organizations. We at WHO are 
thankful for those who contributed to the development and pres
entation of this guidelines and believe that this work will con
tribute to improving the health of the people in the Region. 

Marc Danzon 
WHO Regional Director for Europe 
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EXECUTIVE SUMMARY 

INTRODUCTION 
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The aim of this document is to present the condusions of the WHO working group 
responsible for preparing guidelines for exposure to noise during sleep. This dorn
ment can be seen as an extension of the WHO Guidelines for community noise 
(1999). The need for "health-based" guidelines originated in part from the European 
Union Direaive 2002/49/EC relating to the assessment and management of environ
mental noise (rnmmonly known as the Environmental Noise Directive and abbrevi
ated as END) which compels European Union Member Stares to produce noise maps 
and data about night exposure from mid-2007. The work was made possible by a 
grant from the European Commission and contributions from the Swiss and German 
governments. 

Although a number of countries do have legislation directed at controlling night 
noise exposure, there is little information on actual exposure and its subsequent 
effects on the population. Estimates made in some countries of the number of peo
ple highly disturbed by noise during sleep (see Fig. 1 for the Netherlands as an exam
ple) indica te that a substantial part of the population could be exposed to levels that 
might risk their health and well-being. 
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Fig. 1. 
Percentage of 
populat ion highly 
disturbed by noise 
during sleep in the 
Netherlands: 
survey results for 
1998 and 2003 

As direct evidence concerning the effects of night noise on health is rarely available, 
these guidelines also use indirect evidence: the effects of noise on sleep and the rela
tions between sleep and health. The advantage of this approach is that a lot of med
ical evidence is available on the relation between sleep and health, and detailed infor
mation also exists on sleep disturbance by noise. 
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a, EXECUTIVE SUMMARY 

PROCESS OF DEVELOPING GUIDELINES 
In 2003, the WHO Regional Office for Europe set up a working group of experts to 
provide sciemifa; advice to the European Commission and to its Member States for 
the development of future legislation and policy action in the area of control and sur
veillance of night noise exposure. The review of available scientific evidence on the 
health effects of night noise was carried out by an interdisciplinary team who set out 
to derive health-based guideline values. The contributions from the experts were 
reviewed by the team and integrated into draft reports following discussion at four 
technical meetings of the working group. In 2006, all the draft reports were com
piled into a draft document on guidelines for exposure to noise at night, which was 
reviewed and commented on by a number of stakeholders and experts. 

At the final conference in Bonn, Germany, o n 14 December 2006, representatives 
from the working group and stakeholders from industry, government and non
governmental organizations reviewed the contents of the draft document chapter by 
chapter, discussed several fundamental issues and reached general agreement on the 
guideline values and related texts to be presented as conclusions of the final WHO 
N ight noise guidelines for Europe. 

NOISE INDICATORS 
From the scientific point of view the best criterion for choosing a noise indicator is its 
ability to predict an effect. Therefore, for different health end points, different indica
tors could be chosen. Long-term effects such as cardiovasrnlar d isorders are more 
correlated with indicators summarizing the acoustic situation over a long time peri
od, such as yearly average of night noise level outside at the facade (Lnight,outside)1, 

while instantaneous effects sw.:h as sleep disturbam;e are better with the maximum 
level per event (LArnaxl, such as passage of a lorry, aeroplane or train. 

From a practical point of view, indicators sho uld be easy to explain to the public so 
that they can be understood intuitively. Indicators should be consistent with existing 
practices in the legislation to enable quick and easy application and enforcement. 
Lnight,outside, adopted by the END, is an indicator of choice for both scientific and 
practical use. Among currently used indicators for regulatory purposes, LAeq (A
weighted equivalent sound pressure level) and LAmax are useful to predict short-term 
or instantaneous health effects. 

SLEEP TIME 
Time use studies, such as that undertaken by the Centre for Time Use Research, 
2006 (www.timeuse.org/access/), show that the average t ime adult people are in bed 
is around 7.5 hours, so the real average sleeping time is somewhat shorter. Due to 
personal factors like age and genetic make-up there is considerable variation in sleep
ing time and in beginning and end times. For these reasons, a fixed interval of 8 
hours is a minimal choice for night protection. 

Though results vary from one country to another, data show (see Fig. 2 as an exam
ple) that an 8-hour interval protects around 50% of the population and that it would 
take a period of 10 hours to protect 80%. On Sundays, sleeping time is consistently 
1 hour longer, probably due to people recovering fro m sleep debt incurred during the 
week. It should also be borne in mind that (young) children have longer sleeping 
times. 

I L,,,h, is defined in the END as the outside level. In order to avoid any doubt, the suffix "outside" is added in 
this document. 
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EXECUTIVE SUMMARY .. 
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Source: http://w111111.ine.ptlprodserv!destaq11elarq11ivo.asp, 
based on a study by the Insti/11/0 Nacional de Estatistica Portugal, 1999. 

NOISE, SLEEP AND HEALTH 

0 
0 

~ 

Fig. 2 
Percentage of 
time that the 
Portuguese 
population spend 
asleep or in 
different 
activities 

There is plenty of evidence that sleep is a biological necessity, and disturbed sleep is 
associated with a number of health problems. Studies of sleep disturbance in chil
dren and in shift workers clearly show the adverse effects. 

Noise disturbs sleep by a number of direct and indirect pathways. Even at very low 
levels physiological reactions (increase in heart rate, body movements and arousals) 
can be reliably measured. Also, it was shown that awakening reactions are relative
ly rare, occurring at a much higher level than the physiological reaaions. 

DEFINITION OF "SUFFICIENT" AND "LIMITED" EVIDENCE 

Sufficient evidence: A causal relation has been established between exposure to night 
noise and a health effect. In studies where coincidence, bias and distortion could rea
sonably be excluded, the relation could be observed. The biological plausibility o f 
the noise leading to the health effect is also well established. 

Limited evidence: A relation between the noise and the health effect has nor been 
observed directly, bur there is available evidence of good quality supporting the 
causal association. Indirect evidence is often abundant, linking no ise exposure to an 
intermediate effect of physiological changes which lead to the adverse health effects. 

The working group agreed that there is sufficient evidence that night noise is relat
ed to self-reported sleep disturbance, use of pharmaceuticals, self-reported health 
problems and insomnia-like symptoms. These effects can lead to a considerable bur
den of disease in the population. For other effects (hypertension, myocardial infa rc
tions, depression and others), limited evidence was found: although the studies were 
few or not conclusive, a biologically plausible pathway could be constructed from 
the evidence. 
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IIEfll EXECUTIVE SUMMARY 

An example of a health effect with limited evidence is myocardial infarction. 
Although evidence for increased risk of myocardial infarction related to Lday is suf
ficient according to an updated meta-analysis, the evidence in relation to Lnighr,ourside 

was considered limited. T his is because Lnighr,ourside is a relatively new exposure indi
cator, and few field studies have focused on night noise when considering cardiovas
cular outcomes. Nevertheless, there is evidence from animal and human studies sup
porting a hypothesis that night noise exposure might be more strongly associated 
with cardiovascular effects than daytime exposure, highlighting the need for future 
epidemiological studies on this topic. 

The review of available evidence leads to the following conclusions. 

• Sleep is a biological necessity and disturbed sleep is associated with a number of 
adverse impacts on health. 

• There is sufficient evidence for biological effects of noise during sleep: increase in 
heart rate, arousals, sleep stage changes and awakening. 

• There is sufficient evidence that night noise exposure causes self-reported sleep dis
turbance, increase in medicine use, increase in body movements and {environmen
tal) insomnia. 

• While no ise-induced sleep disturbance is viewed as a health problem in itself (envi
ronmental insomnia), it also leads to further consequences for health and well
being. 

• There is limited evidence that disturbed sleep causes fatigue, accidents and reduced 
performance. 

• There is limited evidence that noise at night causes hormone level changes and clin
ical conditions such as cardiovascular illness, depression and other mental illness. 
It should be stressed that a plausible biological model is available with sufficient 
evidence for the elements of the causal chain. 

VULNERABLE GROUPS 
Children have a higher awakening threshold than adults and therefore are often seen 
to be less sensitive to night noise. For other effects, however, ch ildren seem to be 
equally or more reactive than adults. As children also spend more time in bed they 
are exposed more to night noise levels. For these reasons chi ldren are considered a 
r isk group. 

Since with age the sleep structure becomes more fragmented, elderly people are more 
vulnerable to disturbance. T his also happens in pregnant women and people with ill 
health, so they too are a group at risk. 

Finally, shift workers are at risk because their sleep structure is under stress due to 
the adaptations of their circadian rhythm. 
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THRESHOLDS FOR OBSERVED EFFECTS 

The no observed adverse effect level (NOAEL) is a concepr from toxicology, and is 
defined as the greatest concentration which causes no detectable adverse alteration 
of morphology, functional capacity, growth, development or lifespan of the target 
organism. For the topic of night noise (where the adversity of effects is not always 
dear) this concept is less useful. Instead, the observed effect thresholds are provid
ed: the level above which an effect starts to occur or shows itself to be dependent on 
the exposure level. It can also be a serious pathological effect, such as myocardial 
infarctions, or a changed physiological effect, such as increased body movement. 

Threshold levels of noise exposure are important milestones in the process of evalu
ating the health consequences of environmental exposure. The threshold levels also 
delimit the study area, which may lead to a better insight into overall consequences. 
In Tables 1 and 2, all effects are summarized for which sufficient and limited evi
dence exists. For these effects, the threshold levels are usually well known, and for 
some the dose-effect rela tions over a range of exposures could also be established. 

Effect 

Change in cardiovascular activity 

EEG awakening 

Biological Motility, onset of motility 

effects Changes in duration of various 

stages of sleep, in sleep structure 

and fragmentation of sleep 

Waking up in the night and/or too 

early in the morning 

Prolongation of the sleep inception 

Sleep period, difficulty getting to sleep 

quality Sleep fragmentation, reduced 

skeping time 

Increased average motility 

when sleeping 

Self-reported sleep disturbance 

Well-being Use of somnifacie nt drugs 

and sedatives 

Medical Environmental insomnia" 
conditions 

Indicato r Threshold, dB 

LAmn.,nud~ 35 

LAmuJiu:J~ 32 

35 

Table 1 

LAm"-'l.Jnl:,I~ 42 Summary of 
effects and thresh· 
old levels for 
effects where 
sufficient evidence 
is available 

42 

42 

40 

42 

• Although the effect has been sho11111 to occur or a plausible biological pathway co11ld be constructed, 
indicators or threshold levels could 1101 be determined . 

""Note that "environmental i11Somnia" is the result of diagnosis by a medical professional whilst 
"self-reported sleep disturbance" is essentially the same, but reported in the context of a social s11rvey. 
N11nrber of q11estions and exact wording may differ. 
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Table 2 
Summary of effects 
and threshold levels 

for effects where 
limited evidence Is 

available** 

Effect 

Biological effects 

Well-being 

Medical conditions 

Changes in (stress) hormone levels 

Drowsiness/tiredness during the 

day and evening 

Increased daytime irritability 

Impaired social contacts 

Complaints 

Impaired cognitive performance 

Insomnia 

Hypertension 

Obesity 

Depression (in women) 

Myocardial infarction 

Reduction in life expectancy 

(premature mortality) 

Psychic disorders 

(Occupational) accidents 

Indicator 

Ln1gl:t.0111,1Jr 

Estimated 

threshold, JB 

35 

so 

so 

60 

• Although the effect has been shown to occur or a plausible biological pathway could be constructed, indica
tors or thresl10ld levels could not be deternrined. 

• • Note that as the evidence (or the effects in this table is linrited, the threshold levels also have a limited 
weight. In general they are based on expert judgement of the evidence. 

RELATIONS WITH LNIGHT, OUTSIDE 
Over the next few year s, the END will require that night 'noise' exposures are 
r eported in Lnight,outside· It is, t herefore, interesting to look into the relation 
between Lnight,outside and adverse health effects. T h e relation between the effects 
and Lnight,ourside is, h owever, n ot straightforward. Shor t-term effects are mainly 
rel ated to maximum levels p er event inside the bedroom: LAmax,inside· In o rder to 
express the (expected) effects in rela tio n to the single European Union indicator, 
some calculatio n needs to be done. The calculation for the total number of effects 
from reaction da ta on events (arousals, body m ovements and awakenings) needs 
a number of assumptions. The first that needs to be made is inde pendence: 
a ltho ugh ther e is evidence that the o rder of events of different loudness s trongly 
influences the reaction s, the calculation is nearly impossible to carry out if this is 
taken into consideration. Secondly, the r eactions per event are known in relation 
to levels at the ear of the sleeper, so a n assumptio n for an average insulation va lue 
must be made. In the report a value ·o f 21 d B has been selected. This value is, 
however, subject to nationa l and c ultural differences. O ne thing tha t st ands out is 
the desire o f a large p art of the population to s leep w ith windows (slightly ) open. 
The relatively low value of 21 dB takes this in to account already. If n oise levels 
increase, people do indeed close their windows, but o bviously re luctantly, as com
plaints about bad air then increase a nd sleep disturbance remains high. This was 
a lready pointed out in the WHO Guidelines for community noise (1999). 
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EXECUTIVE SUMMARY .. 

From source to source the number o f separate events varies considerably. Road 
traffic noise is characterized by rela tively low levels per event and high numbers, 
while air and ra il traffic are characterized by high levels per event and low num
bers . For two typica l situatio ns estimates have been made and presented in 
graphical form. The first is an average urban road (600 motor vehicles per nig ht, 
which corresponds roughly to a 24-hour use of 8000 motor vehicles, or 3 mil
lion per year, the lower boundary the END sets) and the second case is for an 
average situation of air traffic exposure (8 flights per night, nearly 3000 per 
year). 

Fig. 3 shows how effects increase with an increase of Lnight,outside values for the 
typical road traffic situation (urban road). A large number of events lead to high 
levels of awakening once the threshold of LAmax inside is exceeded. To illustrate 
this in practical terms: values over 60 dB Lnight,o,:r,ide occur a t less then 5 metres 
from the centre of the road. 

In Fig. 4 the same graph is presented for the typical airport situation. Due to a lower 
number of events there are fewer awakenings than in the road traffic case (Fig. 3), 
but the same or more health effects. In these examples the worst case figures can be 
fac tors higher: the maximum number of awakenings for an Lnight,outside of 60-65 dB 
is around 300 per year. 

50 100 z 
I C 

I 3 
I O" 

40 I 80 
(1) 
..... 

I Ill 
Awakenings , --+ ~ 

Ill I 7' 

30 
I (I) 

60 :, Fiq. 3 
:, 
co Effects 
Cl) of road t raffic ......_ 
'< noise at niqht * 20 40 (I) 
Ill ..... 

10 20 

0 0 
20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 60-65 

' Aver,,ge motility and infarcts are expressed in percent increase (compared to baseline number); the number of 
highly sleep dislllrbed people is expressed as a percent of the population; awakenings are expressed in 1111mber of 
additional awakenings per year. 

A recent study suggests that high background levels of noise (from motorways) with 
a low number of separate events can cause high levels of average motility. 

Therefore, by using the Lnighr,outside as a single indicator, a relation between effects 
and indicator can be established. For some effects, however, the relation can be 
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• Average motility and infarcts are expressed in percent increase (compared to /1aseli11e nttmber/; the number of 
highly sleep dist11r/,ed people is expressed as a percent of the pop11lation; complainers are expressed as a % of 
the neighbourhood pop11/atio11: awakenings are expressed in 1111mber of additional awakenings per year. 

source dependent. Although Lnighr gives a good relation for most effects, there is a 
difference between sources for some. Train noise gives fewer awakenings, for 
instance. O nce source is accounted for, the relations are reasonably accurate. 

RECOMMENDATIONS FOR HEALTH PROTECTION 
Based on t he systematic review of evidence produced by epidemiological and 
experimental studies, the relationship between night noise exposure and health 
effects can be summarized as below. (Table 3) 

Below the level of 30 dB Lnighr,ourside, no effects on sleep are observed except for 
a slight increase in the frequency of body movements during sleep due to night 
noise. There is no sufficient evidence that the biological effect s observed at the 
level below 4 0 dB Lnighr,outside an: harmfu l to hea lth. However, adverse health 
effects are observed at the level above 4 0 dB Lnight,outside , such as self-reported 
sleep disturbance, environmental insomnia, and increased use of somnifacient 
drugs and sedatives. 

Therefore, 40 dB Lnight,outside is equivalent to the lowest observed adverse effect 
level (LOAEL) for night noise. Above 55 dB the cardiovascular effects become the 
major public health concern, which are likely to be less dependent on the nature 
of the noise. Closer examination of t he precise impact will b e necessary in the 
range between 30 dB and 55 dB as much will depend on the deta iled circumstances 
of each case. 
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Average night noise 
level over a year 

Lnight,outside 

Up to 30 dB 

30 to 40 dB 

40 to 55 dB 

Above 55 dB 

Health effects observed in the population 

Although individual sensitivities and circum
stances may differ, it appears that up to this levd 
no substantial biological effects arc observed. 
Lnight,outside of 30 dB is equivalent to the no 
observed effect level {NOEL) for night noise. 

A number of effects on sleep are observed from this 
range: body movements, awakening, self-reported 
sleep disturbance, arousals. The intensity of the 
effect depends on the nature of the source and the 
number of events. Vulnerable groups {for example 
children, the chronically ill and the elderly) are 
more susceptible. However, even in the worst cases 
the effects seem modest. Lnight,outsidc of 40 dB is 
equivalent to the lowest observed adverse effect 
level {LOAEL) for night noise. 

Adverse health effeL,s are observed among the 
exposed population. Many people have to adapt 
their lives to cope with the noise at night. Vulnerable 
groups are more severely affected. 

The situation is considered increasing!)' danger
ous for public health. Adverse health effects 
occur frequently, a sizeable proportion of t he 
population is highly annoyed and sleep-dis
turbed. There is evidence that the risk of cardio
vascular disease increases. 

Table 3 
Effects of different 
levels of night noise 
on the population's 
health 

A number of instantaneous effects are connected to threshold levels expressed in 
LAm,x· The health relevance of these effects cannot be easily established. It can be 
safely assumed, however, that an increase in the number of such events over the base
line may constitute a subdinical adverse health effect by itself leading to significant 
clinical health outcomes. 

Based on the exposure-effects relationship summarized in Table 3, the night noise 
guideline values are recommended for the protection of public health from night 
noise as below. 

Night noise guideline {NNG) 
Interim target (IT) 

Ln,~ht.on1<1Jc = 40 dB 
Ln,~h,,uutso,k = 55 dB 

Table 4 
Recommended night 
noise guidelines 
for Europe 

1 L.,i~ht,ontsi,le is the night-time noise indicator (Lm~h,l of Directive 2002/49/EC of 25 June 2002: the A-weighted 
long-term average sound level as defined in ISO 1996-2: 1987, determined over a ll the night periods of a year; 
in which: the night is eight hours (usually 23.00 - 07.00 local time), a year is a r,levant ye.u as regards the emis
sion of sound ,md an average year as regards the meteorological circumstancts, the incident sound is consid• 
ered, the assessment point is the same ,IS for LJen· See Off,cial joumal of the E11ropea11 Comm11111ties, 18.7.2002, 
for more derails. 
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For the primary prevention of subclinical adverse health effects related to n ight 
noise in the population , it is recommended that the population should not be 
exposed to night noise levels greater than 40 dB of L,,;~h,,ouuidc during the part of 
the night when most people are in bed. The LOAEL of night noise, 40 dB 
L,.,~1,,, 0 ,.,m1c, can be considered a health-based limit value of the night noise guide
lines (NNG) necessary to protect the public, including most of the vulnerable 
groups such as child ren, the chronically ill and the elderly, from the adverse 
health effects of night noise. 

An interim target (IT) of 55 dB L,,;~h,,omsidc is recommended in the situations where 
the achievement of N N G is not feas ible in the short run for various reasons. It 
should be emphasized that IT is not a health-based limit value by itself. 
Vulnerable groups cannot be protected at this level. Therefore, IT should be con
sidered only as a feasibility-based intermediate target which can be temporarily 
considered by policy-makt:rs for exceptional local situations. 

RELATION WITH THE GUIDELINES FOR 
COMMUNITY NOISE (1999) 

Impact of night-time exposure to noise and sleep disturbance is indeed covered in 
the 1999 guide lines, as below (WHO, 1999): 

"If negative effects on sleep are to be avoided the equivalent sound pressure 
level should not exceed 30 dBA indoors for continuous noise. If the noise is 
not continuous, sleep d isturbance correlates best with LA,,.,. and effects have 
been observed at 45 dB or less. This is particularly true if the background level 
is low. Noise events exceeding 45 dBA should therefore be limited if possible. 
For sensitive people an even lower limit would be preferred. It should be 
noted that it should be possible to sleep with a bedroom window slightly open 
(a reduction from outside to inside of 15 dB). To prevent sleep disturbances, 
one should thus consider the equivalent sound pressure level and the number 
and level of sound events. Mitigation targeted to the first part of the night is 
believed to be effective for the ability to fall asleep." 

The 1999 guidelines are based on studies carried out up to 1995 (and a few meta-analy
ses some years later). Important new studies (Passchier-Vermeer et al., 2002; Basner et 
al., 2004) have become ava ilable since then, together with new insights into normal and 
disturbed sleep. New information has made more precise assessment of exposure-effect 
relationship. The thresholds are now known to be lower than LAmax of 45 dB for a num
ber of effects. The last three sentences still stand: there are good reasons for people to 
sleep with their windows open, and to prevent sleep disturbances one should consider 
the equivalent sound pressure level and the number of sound events. The present guide
lines allow responsible authorities and stakeholders to do this. Viewed in this way, the 
night noise guidelines for Europe are complementary to the 1999 guidelines. This 
means that the recommendations on government policy framework on noise manage
ment elaborated in the 1999 guidelines should be considered valid and relevant for the 
Member States to achieve the guideline values of this document. 
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CHAPTER 1 

INTRODUCTION: METHODS AND CRITERIA 
With regard to sleep and waking, we must consider what they are: whether they are 
peculiar to soul or to body, or common to both; and if common, to what part of soul or 
body they appertain: further, from what cause it arises that they are attributes of ani
mals, and whether all animals share in them both, or some partake of the one only, oth
ers of the other only, or some partake of neither and some of both. 

(Aristotle, On sleep and sleeplessness, 350 BC) 

1.1 INTRODUCTION 

1.1.1 EXISTING POLICY DOCUMENTS FOR NIGHT-TIME NOISE 

The aim o f this document is to present guidan<:e for exposure to noise during sleep. 
What is a lready available? 

There are three related documents at the internatio nal level: 

• Guidelines for community noise (WHO, 1999) 
• Directive 2002/49/EC relating to the assessment and management of environ

mental noise (European Commission, 20026) 
• Position Paper on dose-effect relationships for night-time noise (European 

Commission, 2004). 

In Chapter 5 the relat ion with the Guidelines for community noise (1999) will be 

explained. 

The European Union (EU) Directive relating to the assessment and management of 
environmental noise (or, as it is i:ommonly known, the Environmental Noise 
Direi:tive - END), establishes that Member States should create noise maps (2007) 
and action plans {2008) for pans o f their territory. The noise maps should present 
noise levels expressed in the harmonized indii:ators Lden and Lnight· Although in the 
first round only between 20% and 30% of the population will be covered, it is 
expected that through the use of harmonized methods and indicators a deeper 
insight will be gained into the exposure of the population to noise. The END does 
not, however, set any limit values: on the basis of the subsidiarity principle this is left 
to the Member States . The Directive does, however, requ ire l\1ember Stares to report 
on their limit values and express them in the standard indii:aro rs. On the CIRCA 
web sire (Communication and Information Resour<:e Centre Administrator, 
European Commission, 2006) an overview of the data reported to the Commission 
can be found. Our of the 25 Member States, 10 reporred on rhe Lnight limits. In Table 
1.1 some of these data are summarized. 

Due ro differences in legal systems it is bard to predict what the actual effect of a cer
tain limit value will be. It could be a relatively high value but rigidly enfori:ed, or a 
very low value with no legal binding whatsoever. 

T he Position Paper on dose-effei:t relationships for night-time noise is foreseen in the 
END (Annex Ill) and a ims to give the competent authorities a tool to evaluate the 
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impact on the population . However, it neither provides limit values nor guidelines. T he 
same information that was used in the Position Paper also plays a role in these guide
lines. 

Table 1,1 
Reported Lnlqht limit values 

for road traffic noise in new 
residential areas 

EU Member State 

France 
Germany 
Spain 
N etherlands 
Austria 
Swed en 

Finland 
Hungary 
Latvia 
Estonia 
Switzerland 

Lnight,outside 

62 
49 
45 
40 
50 
51 

(converted from LA,q limit 30 dB(A) 
inside bedroom) 

46 
55 
40 
45 
50 

So11rcP: E11ropean Commission, 2006. 

1.1.2 GENERAL MODEL 
There is no d oubt tha t a relatio n exists between sleep and health and well-being, as 
most of us know from personal experience. That does not mean, however, that this 
rela tio n is simple. People who do not sleep well may not feel well the day after, but 
the reverse is a lso true: unfit people may have a disturbed sleep. Untangling the rela
tions between health and disturbed sleep (night-time noise is o nly one of many caus
es) proved difficult , and Fig. 2.1 a t the end of Chapter 2 shows w hy. 

Fiq. 1.1. 
General structure of the 
report on the effects of 

niqht noise 

T he general structure of the report is given in Fig. 1.1: evidence for the effects of 
night-time noise o n health (c) is supported by eviden..:e on the indire..:t route via (a) 
and (b). In Chapter 2 the relations between sleep and health are examined (relation 
(b} in Fig. 1. 1 ), and this invo lves clinical evidence fro m sleep laboratories, b ut a lso 
evidence from animal experiments. In Chapter 3 it is shown how noise disturbs sleep 
from the basic, autono mous level up to cons..:ious awakenings: relatio n (a ). C hapter 
4 presents the evidence between night-time noise and health a nd well-being: relation 
(..:) in Fig. 1.1. T he last chap ter, Chapter 5, then provides guidance o n reducing 
health impacts caused by night-time noise exposu re. 

NIGHT NOISE GUIDELINES FOR EUROPE 
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1.1.3 PROCESS OF DEVELOPING GUIDELINES 

The WHO Regional Office for Europe started the night noise guidelines (NNGL) 
project with a grant from the European Commission's Dire..:torate-General for 
Health and Consumer Affairs. In 2003, the WHO Regional Office for Europe set up 
a working group of experts to provide scientific advice for the development of guide
lines for future legislation and policy aaion in the area of control and surveillance 
of night noise exposure. The review of available scientific evidence on the health 
effects of night noise was carried out by the working group to derive health-based 
guideline values. The contributions from the experts were reviewed by rhe team and 
integrated into draft r eports following discussion at four technical meetings of the 
working group. 

The first meeting of the working group was held in Bonn, June 2004. It was agreed 
that the experts would produce background papers on a number of topics identified 
and assigned at the meeting. 

The second meeting in Geneva, December 2004, concentrated on such technical 
issues as exposure assessment, metrics, health effects and guideline set-up. The topic
specific experts presented the first drafts for the identified topics for detailed discus
sions at the meeting. The discussions concentrated o n central issues such as exposure 
assessment and guideline derivation. 

The third meeting in Lisbon, April 2005, reviewed the revised background papers, 
and discussed in detail the overall structure of the guiddines document, and the 
process of consensus building among the working group and stakeholders. 

At the workshop of acoustics experts in The Hague, September 2005, a consensus 
was made on the use o f Lnight as the single indicator for guideline values as it effec
tively combines the information o n the number of events and the maximum sound 
levels per event over a year. 

In 2006, all the draft reports collected at previo us meetings were compiled by Mr. 
Martin van den Berg into a coherent document on guidelines for exposure to noise 
a t night. The latter was revised according to the comments collected though a peer
review by the working group experts. 

At the conduding meeting in Bonn, December 2006, the working group and stake
holders from industry, government and nongovernmental organizations reviewed the 
contents of the draft document chapter by chapter, discussed several fundamental 
issues and reached general consensus on the guideline values. The final implementa
tion report of NNGL project was submitted to the EU in early 2007. 

The following countries and institutes contributed to the development of Night noise 
guidelines for Europe as project partners. 

AUSTRIA: 

CZECH REPUBLIC: 
DENMARK: 
FRANCE: 

GERMANY: 

Institute of Hygiene and Social Medicine, University of 
Innsbruck 
Charles University in Prague 
National Institute of Public Health 
INRETS/LTE-Laboratoire Transports et Environnement 
CNRS-Centre National de Recherche Scientifique 
Umweltbundesamt-Federal Environmental Agency 
Landesgesu ndhei tsa mt Baden-Wiirttem herg 
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ITALY: 

NETHERLANDS: 

POLAND: 

PORTUGAL: 
SLOVENIA: 
SWEDEN: 
UNITED KINGDOM: 

AR.PAT-Environmental Protection Agency, Tuscany 
Region 
University of Rome " La Sapienza"- Center for Ped iatric 
Sleep Disorders 
TNO-Netherlands Organisation for Applied Scientific 
Research 
RIVM-National Institute of Public Health and the 
Environment 
University of Warsaw, Clinic of Psychiatry o f the Medical 
Academy 
!ST - lnstituto Superio r Tecnico 
Institute of Public Health of the Republic of Slovenia 
University of Gavle, Centre for Built Environment 
Queen Mary and Westfield College, University of London 

In addition, WHO received advice and support from a number o f national experts 
who participated in the working group. The a ffilia tions of these additional expert 
advisers include: 

CANADA: 
GERMANY: 
SWITZERLAND: 

N ETHERLANDS: 
UNITED KINGDOM: 

Health Canada 
Forschungs- und Beratungsbiiro Maschke 
Bundesamr fiir Umwelt, Wald und Landschaft 
Universitat St. Gallen , lnstitut fiir Wirtschaft um! 
Okologie 
Ministry o f Housing, Spatial Planning and Environment 
Casella Stanger Environmental Consultants 

Since the project report was published o n the EU web site, va rio us comments were 
received from experts who have nor participated in the working gro up. The m ost 
critica l points were regarding the achievability of guideline values in practice. 
Responding ro these feedbacks, the WHO Regional Office for Europe, prepared a 
revision of guidelines and recommendations, and consulted with international 
experts and stakeholders including the EU. As of late 2008, it was agreed that the 
guideline should be based on the lowest o bserved adverse effects level {LOAEL) 
rather than the no observed effects level {N OEL). Interim target w as a lso introduced 
as a feasibility-based level. 

1.2 STRENGTH OF EVIDENCE 

1.2.1 BASIC CONCEPTS 
This document uses well-established practices from other disciplines and policy 
fields. Of main interest here a re evidence-based medicine, the use of epidemiological 
evidence for environmental risk assessment and experiences with - p rincipally- a ir 
quality guidelines. 

The concept of "evidence" is further forma lized , as variations in wording and scope 
are currently in use. 

NIGHT NOISE GUIDELINES FOR EUROPE 
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1.2.2 RISK ASSESSMENT AND RISK CONTROL 

Interaction with stakeholders 

Fig. 1.2 
Elements of risk control 

Source: 
Ilea/th Co1111cil of the 
Nrt /,i•rlands, 2004. 

Fig . 1.2 o utlines a general approach for risk assessment and control. This approach 
co nsists of the fo llowing steps: 

1. problem description: assessing the impact on the population 
2. risk analysis: eva luation of impact 
3. risk evaluation: assessing impact considered undesirable 
4. assessment of o ptions to avoid or red uce impact 
5. cost- benefit analysis of rhe options or o f the mix o f options 
6. assessment of the preferred option 
7. implementation and contro l. 

It is important to observe that guideline values can be an input to, as well as an output 
of this process. Ar lower levels o f decision (a particular infrastructure project, fo r 
instance) a preset guideline value reduces - intentionally - the degrees of freedom in the 
process. At the highest national or international level a guideline value is the outcome. 
As the scope of this document is to present the health consequences of night-t ime 
noise exposure (and not so much the economic outcomes of the cho ice of a certain 
value) ir concentrates on rhe first three clements in the risk assessment block. 

The fo llowing questions need to be addressed. 

• What is the strength o f the available evidence - what are the uncertainties? 
• What is the health significance for rhe effects found? 
• How serious is the impact o n health ? 
• Does every instance of exposure lead to an effect and how are they related? 
• H ow can the number o f affected people be established? 

1.2.3 CAUSE- EFFECT CHAIN 

Underlying this approach is the notion of a cause-effect chain between environmen
tal factors and health, symbo lically simplified in Fig. 1.3. 

Exposure 

factors 

Source: Health Council of the Netherlands, 2004. 

Fig. 1.3 
Cause-effect chain 
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There are important questions that need to be asked. 

• Is there a causal rdation between one link in the cha in and the next? 
• What are the intervening factor s in that relation? 
• How strong is the evidence for the relations? 

The last question is the hardest to answer, as "strength of evidence" is not easy to express 
in simple numbers or labels. There are two forms of uncertainty: uncertainty because of 
variability of outcomes and uncertainty due to a lack of knowledge. 

For the purpose of this document the following classification will be used, largely based on 
the IARC (International Agency for Research on Cancer) criteria accessible at 
http://monographs.ian.:.fr/ENG/Preamble/currentb6evalrationale0706.php (see Table 1.2). 

Table 1.2 
Classification of 

evidence 

Grade of evidence 

Sufficient evidence 

Limited evidence 

Criteria 

A causal r elation has been established between expo
sure to night-time noise and an effect. In studies 
where coincidence, bias and distortion could reason
ably be excluded, the relation could be observed and 
it is plausible that the effect is (also) caused by the 
exposure. 

A relation was observed between exposure to night
time noise and an effect in studies where coincidence, 
bias and distortion could not reason ably be excluded. 
The relation is, however, plausible. 
A dire..:r relation between cause am\ effect has not 
been observed, but there is indirect evidence of good 
quality and the relation is plausible. Indirect evidence 
is assumed if exposure leads to an intermediate effect 
and other studies prove that the intermediate effect 
leads to the effect. 

Insufficient evidence Available studies are of low quality and lack s ignifi
cance to allow conclusions about causality of the rela
tio n between exposure and effect. Plausibility of the 
relation is limited or absent. 

1.2.4 PROCEDURE FOR DERIVING GUIDELINES 

The following procedure was followed in order to derive an ordering of guideline values: 

1. ..:ollection of relevant darn 
2. evaluation of da ta in terms of strength of evidence 
3. evaluation of data in terms of biological effects, health and well-being 
4. ranking of guideline values. 

This procedure is essentially the same as in other guideline documents, although steps 
are more expli..:irly formalized. A major difference is that sound is a natural environmen
ta l quality, which makes defining a no-effect level a futile exercise. Therefore the choice 
was made for a series of levels with increasing severity of effects. 
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1.3 CONSIDERATIONS WITH REGARD 
TO NIGHT•TIME NOISE INDICATORS 

Briefly, the fundamental choices of night-time noise indicators with respect to length 
of night, use of single event descriptors and long-term average are commented on to 

assist the reader in understanding the relations presented in later chapters. 

1.3 .1 LENGTH OF NIGHT 

Time use studies (Centre for Time Use Research, 2006) show that the average time 
adult people are in bed is around 7.5 hours, so the real average sleeping time is some
wha t shorter. Due to personal factors such as age and genetic factors there is consid
erable variation in sleeping time and in beginning and end times. For these reasons, 
a fixed interval o f 8 hours is a minimal choice for night-time protection. From Fig. 
1.4 it can be noted that around 50% of the population is protected with an interval 
of 8 hours and it would take a period of 10 hours to protect 80%. On Sundays, 
sleeping time is consistently one hour longer, probably due to peop le recovering from 
sleep debt incurred during the week. Data for other countries are readily available 
but this is the only study covering a long period in a consistent way. Fig. 1.5 (from 
a time use study in Portugal) shows that the stable pattern found in the Netherlands 
(Fig. 1.4) is not only typical for northern Europe, but also for the southern part. T he 
pattern, however, seems to have shifted slightly. These figures stress that sleep times 
might be biologically fixed in humans, and culture has almost no influence. 
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■ Walch television ■ Read 

0 Personal care ■ Eating 

Fig. 1.5 

■ Household occupation 

□ Sleep 

0 Work and study 

Sleep pattern of Dutch population on weekdays 
and Sundays, 1980-2005 

Percentage of time that the Portuguese population 
spend asleep or in different activit ies 

Source: ht1p:llwww.i11e.p1lprodservldestaq11e/arq11ivo.asp, based 011 
a s111dy /,y the Instit11to Naao11al de Estalistica Port11gal, 1999 

1.3.2 EVENT OR LONG-TERM DESCRIPTOR 

Much attention has been paid to the use of single event descriptors such as LAmax 
(maximum outdoor sound pressure level) and SEL (sound exposure level). As the 
Position Paper on EU noise indicators (European Commission, 2000) points o ut, 
this is an important laboratory tool to describe instantaneous reactions to noise. But 
when it comes to long-term protection, the number o f events is equally important. 
The possibility of predicting after-effects like sleepiness, reaction time, sleeping pill 
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use and healrh complaints, in particular, requires a combination of a number of 
events and their level instead of just the average LAmax or average SEL. For events 
with a similar time pattern there is a relatively simple relation between LAmax and 
SEL, and therefore between LAmax and Lnight (night-time noise indicator as defined 

80,0 ,-------------- ---- ----, 

I.night 

~ 60,0 f-+-¾--- ~+--~--++-+-- --l-+--+----f---~---1 
al 
:E. Fig. 1.6 

Relation between Lnlqht• 

LAmax and SEL 
.! so.o j,,e!eefi!~';P/Jl.""i1tit'1,;::!;~:1tlt,:,t"'1'=~il't;::ee~~me;1;~~ 
_, 
w 
t/l 40,0 f--- - ------- --------- ---1 

30,0 f-------------- ----- ----1 

20,0 ~ ---------------~--~ 
00:00:00 01 :00:00 02:00:00 03:00:00 040000 05:00 00 

Source: European Commission, 2000 Time (hrs) 

by the END - sec paragraph 1.3.4 below). Appendix 2 describes this in detail. For 
now let it suffice to say that a choice for an Lnight level t ies the LAmax related effects 
to a maximum and therefore a llows for a protective/conservative approach. 

Fig. 1.6 is based on a sound recording in a bedroom for one night. The top of the 
peaks are the LAmax levels, the total energy is the Lnight (thick horizontal line). The 
sound energy in one event is the SEL (not represented). In reality the Lnight is the 
average over all nights in o ne year. This reasoning applies also to the issue of long
term average. A va lue for an arbitrary single night will , except in extreme cases, bear 
no relationship to an individ ual's long-term health status, whereas a sustained su ffi
ciently high level over a long period may. 

1.3.3 NUMBER Of" EVENTS 
There is no genera lly accepted way to count the number of (relevant) noise events. 
Proposals range from the number of measured LAmax, the number of units (vehicles, 
aeroplanes, t ra ins) passing by, to the number exceeding a certain LAm.,x level (com
monly indicated by NAxx; NA70 is the number of events higher than 70 dB). 

1.3.4 CONVERSION BETWEEN INDICATORS 
1.3.4. 1 Introduction 
Lnight is defined as the 1 year LAeq (exposure to noise) over 8 ho urs outside at the 
most exposed facade. For the purpose o f strategic noise mapping and reporting the 
height is fixed a t 4 metres. As Lnight is a relatively new definition and because the 
studies ra rely cover such a long period, the research data a re rarely expressed in 
Lnight· T he most frequently used noise descriptor in sleep research is the LAmax or 
SEL near the sleeper. T his means that a considerable amount o f conversion work 
needs to be d one if relations a re to be expressed in Lnight· There a re four issues: 

• conversion between SEL and LAmax 
• conversion from instantaneous to long-term 
• conversion fro m inside to outside 
• conversion from (outside) bedroom level to most exposed fai,;ade. 
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Further background information on these issues is provided in section 1.3.5. This 
section deta ils the conversions that are actually carried out. 

1.3.4.2 SEL to LAmax 
SEL is only used for aircraft noise in this rep ort and, according to Ollerhead et al. 
(1992) from ground-based measurements, the following relation was found: 

SEL = 23.9+0.81 *LAmax (l]. 

A more general approach can be used to estimate SEL for transportation noise. 

If the shape of the time pattern of the sound level can be approximated by a block 
form, then SEL==LAm.1x + 101g t , where t (in seconds) is the duratio n of the noise 
event. This rule can be used , inter alia, for a long freight train that passes at a short 
distance. W hen tis in the range from 3 to 30 seconds, then SEL is 5-15 dB higher 
than LAm,,x· For most passages o f a ircraft, road vehicles or t rains, the shape of the 
time pattern o f the sound level can be better approximated with a triangle . If the 
sound level in..:reases w ith rate a (in dB per second), and thereafter is a t its maximum 
for a sho rt duration before it decreases with rate -a, then SEL==LAmax - l0lg(a) + 9.4. 
Depending on the distance to the source, for most dwellings n ear transportation 
sources the rate of increase is in the o rder o f a few dB per second up to 5 dB per sec
ond. When (a) is in the range from 9 dB to 1 dB per second , then SEL is 0- 9 dB high

er than LAmax· 

1.3.4.3 E11e11ts to long-tenn 
W hen the SEL values a re known (if necessary a fter converting from LAmaxl they can 
be converted to Lnighr· In genera l terms, the rela tion between Lnighr and SEL is: 
Lnight = l 0 *lg Li }OSELj/ 10 - l 0* lg (T). 

If a ll (N) t:vents have approximately tht: same SEL level , this may be reduced to : 

Lnighr = SEL + l0~lg(N) - 70.2 [2], 

in which: 
N = the number of events occurring in period T; 
T = rime during w hich the events occur in seconds. For a (night) year 1 0lg(T ) is 70.2. 

The notation adheres to the END w here the Lnighr is defi ned as a year average at the 
most exposed facade. Any reference to an inside level is noted as such, that is, as 
Lnight,inside· In order to avoid any doubt the nota tion Lnighi,ourside may be used, for 
instance in tables w here both occur. 

1.3 .4.4 Inside to outside 
As the Lnighr is a year value, the insulation value is also to be expressed as such. T his 
means that if the insulation value is 30 dB with windows d osed and 15 J B with windows 
open, the resulting va lue is 18 dB if the window is open 50% of the time. If these win
dows are d osed only 10% of the time, the result is little more than 15 dB. T he issue is 
complicated by the fac t that d osing behaviour is, to a certain extent, d ependent on noise 
level. When results about effects are expressed with indoor (that is, inside bedrooms) 
exposure levels, they need to be converted to Lnigho in accordance with the END defini
tion. The most important assumption is the corre.:tion for inside lt:vels to outside levds. 
An average level difference of 21 d B has been chosen, as this takes into account that even 
in well-insulated houses windows may be open a la rge part of the year. In general: 
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Lnight = Lnight,inside + Y dB (3). 

Y is the year average insulation value of the (bedroom) fa(ade. In this report a 
default value of 21 dB is used (see also section 1.3.5). It should be stressed that this 
conversion is thought to be highly dependent on local building habits, climate and 
window opening behaviour. 

1.3.4.5 Most exposed facade 
If an inside level is converted to an outside level with [3), it is assumed that this is 
equivalent to an Lnight value on the most exposed facade. No information is avail
able on bedroom position and use, so no explicit conversion factor can be given in 
this report. 

This means that the effect estimated on the basis of Lnight corresponds to an upper 
limit, because part of the bedrooms will be on a less exposed facade. If an estimate 
of the exposed population is based on a relation derived with [3), the actual preva
lence will be less. From a practical point of view the most exposed facade safeguards 
protection in ..:ases where there is a possibility that rooms (an be swapped. 

It should be pointed out that the above does not apply if a relation is based on Lnighr 

values whi..:h are direaly measured or (Omputed. These relations will show a large 
variation because of a misclassification effect, but they give a "correct" estimate of 
the prevalence of effects in the population. In other words, in some cases a low effect 
may be a ttributed to a high Lnight because the bedroom is on the quiet side. 

1.3.5 INSIDE/OUTSIDE DIFFERENCES 
Night-time environmental noise affects residents mainly inside their homes. In order to 
protect residents inside their homes from noise from outside sources, attention should 
be fornsed on windows si1Ke they are generally the weakest points in the sound prop
agation path. Roofs must also be considered with regard to aircraft noise. 

There are many types of window in the EU, varying from single thin panes within 
frames without additional insulation, to four-pane windows within insulated frames. 
The simplest types of facade have a sound reduction (from outside to inside) of usu
ally less than 24 dB, and the most elaborate facades (built to cope with cold climates, 
for example), have sound reductions of more than 45 dB. In central Europe, most 
windows are double-glazed, mounted in a rigid and well-insulated frame. Their 
range of sound reduction is between 30 dB and 35 dB when dosed. 

When night-time environmental noise reaches high levels, residents tend to dose their 
bedroom windows (cf. Langdon and Buller, 1977; Scharnberg et al., 1982; 
Schreckenberg et al., 1999; Diaz et al., 2001). The studies by Scharnberg et a l. and 
Schreckenberg et a l. found that more than 50% of bedroom windows are closed when 
outside road traffic noise levels exceed 55 dB (LAeq). These findings have been replicat
ed in Sweden, according to recent results from the Swedish soundscape research pro
gramme on road traffic noise (Fig. 1.7). Nevertheless, while residents with dosed win
dows reported a reduction of sleep disturbances due to noise, they also reported an 
increase in sleep disturbances due to poor ventilation. Schreckenberg et a l. (1999) 
report a much steeper increase in the incidence of closed windows when road traffic 
noise reaches high levels than is rhe case with increased levels of railway noise. Even 
when night-rime noise levels reach 55 B, only 35% of the residents exposed to railway 
noise reported that they closed their windows at night. 
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f'ig. 1.7 
Results from Swedish 
soundscape research 
programme on road 
traffic noise 

When windows are slightly open, outside sound levels are usually reduced by 10-15 dB. 
It should be kept in mind that most European residents want to keep their bedroom 
windows slightly open at night in order ro provide proper ventilation (Scharnberg er a l., 
1982; Lambert and Plouhinec, 1985; Lambert and Valier, 1994), and the WHO paper 
on community no ise (WHO, 1999) also recommends that people should be able to sleep 
with their bedroom windows open. 

Passchier-Vermeer et al. (2002) carried out detailed noise measurements inside and out
side the bedroom and at the same rime measured window position with sensors-. The 
results (Table 1.3) showed that windows are fully closed only in 25 % of the nights. 

Window position 

Closed 
Slightly open 
Hand width 
Half open 
Fully open 

% nights 

25 
43 
23 

5 
4 

Table 1.3 
Window positions during 
research period 
(April- November) 

This results in average inside/outside differences of around 21 dB, with there being 
only a slight di ffe rence between single- and double-glazed windows {Table 1.4). The 
survey did nor include dwellings which had been specifica lly insula ted against noise. 
Nevertheless, there was a large variation in insulation values. 

Average 
difference 
at night 

Single-glazed window Double-glazed window 

21.3 22.2 

Table 1.4 
Average Inside/outside 
differences In dB 

Ir should be stressed that this figure only applies to facades rhar have nor been fitted 
with special appliances to reduce noise impact. To give an extreme example of where 
this general finding does not apply, rooms may be equipped with a ir conditioning so 
that windows can stay closed or could even be sealed. Less drastic provisions are 
sound-attenuated ventilation openings. Little is known, however, about the inhabi
tants' experiences {long-term use, appreciation) of these and other solutions. For 
example, sound-attenuated ventilation openings are sometimes blocked in order to 
cut out draughts. 
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1.3.6 BACKGROUND LEVEL 

A simple definition of background level or "ambient noise" level is the noise that is 
nor rargered for measurement or cakularion . Background noise can interfere wirh 
the target noise in a number of ways. It can: 

• mask the signa l 
• interact physically 
• interact psychologically. 

As this report is often dealing with low-level target noise, masking is an important 
issue. The other two interactions a re more important in the domain of annoyance. 
Masking, however, is a complex process. The human auditory system is uncannily 
good at separating signals from " background". Microphones (and the software behind 
them) have been slow to catch t1p, as rhe unsatisfactory results show when it comes ro 
automatically recognizing aircraft in long-term unmanned measuring stations. 

The rule of thumb rhat a noise can he considered masked if the signal is 10 dB below 
rhe background is only valid if the noises have rhe same frequency composition and 
if they actually occur a t the same time. This is particularly impor tant to stress where 
LAe levels are compared: even a rela tively continuous motorway of 50 dB cannot 
mas!< ain.:raft noise of 30 dB, because this may be composed of five aircraft arriving 
at an LAmax of 57 dB. Neither can birdsong, because the frequency d omains do not 
overlap. 

Another factor relevant for this report is that background levels are lower at night
time than they are in the daytime. This is true for most man-made noises, but a lso 
for rhe natural background levels as wind speeds at nighr slow down. 

Most levels mentioned in this report do not ta ke background levels into account -
explicitly. Where lo ng-rerm LAeq levels are related to effe-rs like hypertension and 
self-reported sleep disturbance, background levels a re ignored, but they could 
obscure the effect at the lower end of the scale. This then influences the lowest level 
where an effe..:t starts to occur. 

In sleep laboratory studies the background level is kept as low as possible, around 
30 dB. The background of rhe instrumenrarion is 20 dB. 

In semi-field experiments it has been found that background noise levels inside bed
rooms are very low, partly because people tend to choose their bed rooms on the 
quiet side of the building. This may have rhe side-effect of exposing children to high
er levels. 

1.3.7 CHOICE OF INDICATORS FOR REGULATORY PURPOSES 

From the scientific point of view the correct choice for a noise indicator is its perform
ance in predicting the effect. There are, however, a number of additiona l criteria which 
may influence the choice. Firstly, for different health end points different indicators 
could be suitable. Further considerations are of a more political nature, as mentioned in 
the Position Paper o n Ell noise indicators (Et1ropean Commission, 2000). Indicators 
should a lso be easy ro explain ro rhe public - intuitively understandable, avoiding 
unnecessary breaks wirh current practice and enforceable. This is probably why in many 
countries LAmax is a popular indicator: it has undeniable qualities in these areas. 
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This is a lso the case for LAeq indicators for short periods of, for example, one or a 
few hours in the middle of the night. Other fashionable indicators are those looking 
at numbers above a threshold. 

For these indicators the relation between health end points and their values is either 
not well established, or the correlation between them and current indicators is high, 
or the correlat ion between the indicator and an effect is low. 

1.4 EXPOSURE IN THE POPULATION 

1.4.1 NOISE LEVELS 

Surprisingly little information is available on the exposure of houses to night-time 
noise. It is possible that, in a few years time, the END will lead t o the creation of a 
substantial database on these levels, but up t ill now only two countries have detailed 
data available (Table 1.5). 

Lnighr in dB 
Table 1.5 

Country 40-45 46-50 51-55 56- 60 61-65+ Percentage of 

Switzerland (Muller-Wenk, 2002) 24% 14% 7% 2% 
dwellings per 
noise class of 

Netherlands 25% 31% 19% 6% 1% 
Lnlght in dB 

(Nijland and Jabben, 2004) 

Notwithstanding the obvious differences between these two countries, the data show 
a remarkable similarity. 

A first result of the END (see Table 1.6) comes from a study into night regulations 
for (large) a irports (Wubben and Busink, 2004) . 

Airport Number of Number of night Night operations as 
inhabitants operations per year percentage o f 

daytime operations Table 1.6 

Amsterdam 
Number of inhabitants 

21 863 23 462 5.8% within 45 Lnlght contour 
Frankfurt 134 651 46 662 10.1 % 
London 477 289 26 465 5.7% 
Paris 180 184 51 683 10.3% 

1.4.2 REPORTED NIGHT-TIME NOISE DISTURBANCE 

Complaints about night-time exposure to noise are widespread and not exactly new: 
Roman writers used to complain about the racket in the streets at night (Juvenal, 
160). Surprisingly, little detai led information is available today. 

Nevertheless, data collected from a few Member States can help to give an impres
sio n of the order of magnitude of effects. 
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Fig. 1.8 shows the relative contributions to overall sleep disturbance caused by noise 
from different sources in the Netherlands. These data were derived from surveys in 
1998 and 2003 (van Dongen et a l. , 2004) in which 4000 and 2000 people, random
ly selected, were asked: "To what extent is your sleep disturbed by noise from 
[source mentioned) ... " on a scale from 1 to 10. People recording the three highest 
points in the scale were considered "highly disturbed", according to an internation
al convention. The totals are calculated from the number of people reporting serious 
sleep disturbance from one o r more sources. 

Unfortunately, comparable research data from other countries or regions is not 
avai lable, and there is reason to believe that there may be considerable differences in 
the figures. Since this study is based on a survey conducted in the Netherlands, it is 
not representative for other Member States in the EU. General (not specific for night
time) annoyance data from Germany and the United Kingdom give an indication 
that similar numbers o f people are affected. 

Fig. 1.8 
Percentage of 
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disturbed by noise 
during sleep in the 
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However, the fact that other noise nuisances may contribute significantly to overall 
sleep disturbance should not be overlooked. Further research on t his topic is needed 
in order to gain an insight into the contribution of various noise sources to sleep dis
turbance. 

1.5 CONCLUSIONS 

The methods and criteria for deriving guidelines rest o n well-established procedures 
from epidemiology. To relate the effects to the dose, standard metrics will be used 
wherever available. If possible, the values found in literature will be converted to 
avoid confusion. Most of the conversions are relatively straightforward and depend 
on physical laws; others, in particular the conversion between outside and inside lev
els, depend on local factors a nd should be used only if no other information is avail
able. 

Information about night-time noise exposure is relatively scarce, despite 10 EU 
Member States having limit values for night-time noise. The END could substantial
ly increase this information (large-sca le noise mapping is foreseen in 2007), increas
ing rhc demand for guidance. 
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CHAPTER 2 

THE RELATION BETWEEN 
SLEEP AND HEALTH 

A night of quiet and repose in the profound silence of Dingley Dell, and an hour's 
breathing of its fresh and fragrant air on the ensuing morning, completely recovered Mr 
Pickwick from the effects of his late fatigue of body and anxiety of mind. 

(Charles Dickens, The Pickwick Papers, 1836) 

2.1 SLEEP, NORMAL SLEEP, DEFINITIONS OF 
SLEEP DISTURBANCE, CHARACTERISTICS 
MECHANISMS, THE INSOMNIA MODEL 

2 .1.1 NORMAL SLEEP (OBJECTIVE MEASUREMENTS) 

Sleep is part of living and, along with being awake, forms an inherent biological 
rhythm (Cooper, 1994). Normal sleep can be defined in an objective or subjective 
manner. The objective criteria a re defined using a polysomnographic rernrding 
(PSG) of sleep, the method that measures different physiological functions during 
sleep. Minimal polygraphic requirements to measure sleep adequately include two 
channels of electroencephalography (EEG), one channel for the dei:rroornlogram 
{EOG), and one channel for the submental electromyography (EMG). In routine 
PSG, additional channels are used to assess respiration, leg movements, oxygenation 
and cardiac rhythm (Ebersole and Pedley, 2003). 

Scoring of sleep stages is usually done on an epoch-by-epoch basis, with a 30-second 
length used as a standard. Epochs are scored acrnrding to the guidelines of 
Rechtschaffen and Kales (1968). Each epoch is scored as the stage tha t occupies 
more than 50% of that epoch. Sleep can be divided into the following stages. 

• Arousal is not a uniform concept and has been defined differently by different 
researchers. Commonly, the occurrence of alpha rhythms is required for EEG 
arousa l. Depending on the additional requirements and on the length of rime that 
the slower cortical rhythms are interrupted, arousals have been called, for instance, 
mic ro-arousal, minor arousal, EEG awakening or transient activation phases. The 
Amerii:an Sleep Disorders Association (1992, 1997) d evised a scoring system, tak
ing sequences of 3-15 seconds into account for transient arousals which are not 
transferred to macroscopic behavioural awakening. Eleven furth er criteria must be 
mer (see a lso Chapter 3, section 3.1.2). 

• Vegetative arousals are activations of the symparhic nervous system. 

• Stage W corresponds to the waking stage and is characterized by alpha activity or 
low-voltage, mixed-frequency EEG activity. Rapid eye movements {REMs), eye 
blinks, and tonic EMG activity are usually present. 

• Stage 1 is scored when more than 50% of an epoch is low-voltage, 2-7 Hertz (Hz) activ
ity. Vertex waves may occur in la te stage 1. Slow rolling eye movements lasting several 
seconds are routinely seen early in stage 1, but K complexes and sleep spindles are absent 
by definition. Tonic EMG activity is usually less than that of relaxed wakefulness. 
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• Stage 2 requires the presem:e of sleep spindles or K complexes, and less than 20% 
of the epoch contains delta activity. Bursts of sleep spindles must last a t least 0.5 
seconds before they can be scored. K complexes are defined as biphasic vertex 
sharp waves with a total duration of greater than 0.5 seconds. 

• Stage 3 is scored when 20- 50% of an epoch consists of delta activity rhat is 2 Hz 
or slower and is greater than 75 µVin am plitude. Sleep spindles m ay or may not 
be present. 

• Stage 4 is scored when more than 50% of an epoch consists of de lta activity rhar 
is 2 H z or slower and is more rhan 75 pV in amplitude. Reliable differentiation of 
stage 3 and stage 4 sleep is d ifficult by visual inspection, and mosr laboratories 
combine srages 3 and 4 into a single dererminarion of slow-wave sleep (SWS). 

• Stage REM is characterized by relatively low-voltage, mixed-frequency EEG activ
ity wirh episodic REMs and absent or marked ly reduced axial EMG activity. 
Phasic EMG activity may occur, but tonic activity must be a t a level rhat is as low 
as, or lower rhan, that during any other rime in rhe srudy. Sleep spindles and K 
complexes are absent. Series of 2- ro 5- Hz vertex-negative "saw-tooth waves" 
occur, particularly just before phasic REM activity. The requirements to score sleep 
as REM sleep are: REMs, low o r absent axial EMG, and typical mixed-frequency 
EEG recording thar does nor preclude rhe scoring of REM. 

Movement rime is scored when more than 50% o f an epod1 is obscured by move
ment a rtefact. M ovement time musr be preceded o r followed by sleep and is rhus dis
t inguished from movement occurring during wakefulness. 

Additiona l sleep va lues Me determined from each sleep study and contribute to the 
clinica l interpretat ion of the study. These additional variables include the following. 

• Recording time is rhe time elapsed between " lights out " and "lights on" at the end 
of the study. 

• Tota l sleep time (TST) is the tota l time occupied by stage 1, stage 2, SWS and REM 
sleep. 

• Sleep efficiency (SE) is defined as total sleep time divided by recording time and is 
expressed as a percentage. 

• Sleep latency (SL) is the time from " lights off" to rhe first epoch scored as sleep. 
Some authors prefer ro use the first epoch of srage 2 in order to be more confident 
about identifying rhe onset of sustained sleep. However, when sleep is very disrupt
ed, there may be an extended interval from recognition of srage 1 unti l an epoch 
chat can be scored as stage 2. 

• REM latency is the time from sleep onset (as described earlier) to the fi rst t ime 
period scored as REM, minus any inrervening epochs as wakefulness. 

• Sleep stage percentages (% in stage 1, stage 2, SWS and REM sleep) a re determined 
by d ividing time recorded in each sleep stage by total sleep time. 

• Wake after sleep onset (WASO) is time spent awake after sleep onset. 
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The objective criteria defining normal sleep are based on: sleep latency, total sleep 
t ime, sleep efficiency and the number of awakenings, including cortical arousals. 
However, a ll these parameters are age-rela ted, sometimes also gender-related, and 
may vary from one individual to another. 

N ormal sleep has a d early defined architecture that is relatively stable. Predictable 
changes in sleep architecture occur with age. Beginning in middle age, SWS becomes 
less prominent, the number of awakenings increase, and sleep efficiency decreases. 
Published information on normal sleep can serve as an outline for normal values in 
PSG (Williams, Karacan and Hursch, 1974 ; see also Table 2.1 ), but each laboratory 
must study control subjects to identif)' any significant effects o n sleep that result 
from differences in technique or environment (Ebersole and Pedley, 2003 ). 

Sleep parameter 
(normal values) 20-29 years 40-49 years 60- 69 years 

TST (min) 419 389 407 
Sleep efficiency 
(TSTfTIBa) 95% 91% 90% Table 2.1 

WASO 1% 6% 8% 
Average normal values for 

Stage 1 (% of TST) 4% 8% 10% 
adults of different ages 

Stage 2 (% of TST) 46% 55% 57% 
SWS (% of TST) 21 % 8% 2% 
REM (% of TST) 28% 23% 23% 
Sleep latency (min) 15 10 8 

a Time in bed 
Source: \Ylilliams, Karaca11 a11d 1-/urscl,, 1 q74_ 

Passchier-Vermeer (2003a) reports that subjects not exposed to loud n ight noise typ
ically report waking up one and a half to two times during an average sleep period, 
whi le the number of EEG awakenings including cortical arousals averages 10-12 per 
night (Table 2.2). 

Subjects not exposed Subjective report of Number of EEG 
Table 2.2 to loud night noise number of awakenings awakenings 

N ormal adult 
subjects 1.5- 2 10-12 

Source: Passchier-Vermeer, 2003a. 

Parameters of normal 
sleep 

Night arousals result in fragmented sleep, which in turn leads to excessive daytime 
sleepiness (EDS). The gold standard for the assessment of EDS is the multiple sleep 
latency test (MSLT) (see Table 2.3), which provides an o bjective quantification of 
"sleepiness". The preceding night's sleep requires the PSG to ensure adequate sleep 
and to exclude sleep disruption. During the day, four or five nap times are scheduled 
every two hours. For each scheduled nap time the patient lies down and assumes a 
comfortable sleep position with the technician's instructions to "close your eyes and 
attempt to sleep". Each nap is terminated 20 minutes after the nap time started if no 
sleep occurred; or after 15 minutes of continuous sleep as long as sleep onset (SO) 
criteria are met before the end of 20 minutes; or after 20 minutes if the patient awak
ens, even if the patient has been asleep less than 15 minutes. The patient is instruct
ed to stay awake between the nap periods. 
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Group MSLT (min) No REM SO 1 REM SO 2 or more 
(% of group) (% of group) REM SO 

Table 2 .3 Narcoleptics 2.9 ± 2.7 2 
Mean sleep latency EDS (non-

narcoleptic, 8.7 ± 4.9 92 
non-sleep 
apnoeic) 
Controls 13.4 ± 4.3 100 

Source: Ebersol,, and Pcdh•y, 2003. 

2 .1.2 DEFINITIONS OF DISTURBED SLEEP 

2 

8 

0 

(% of group) 

96 

0 

0 

Sleep disorders are described and classified in the Internat ional Classification of Sleep 
Disorders (ICSD) (American Academy of Sleep M edicine, 2005). 

When sleep is permanently disturbed and becomes a sleep disorder, it is classified in the 
ICSD 2005 as "environmental sleep disorder". Environmental sleep disorder (of which 
noise-induced sleep disturbance is an example) is a sleep disturbance due to a disturb
ing environmenta l factor that causes a complaint of either insomnia or daytime fatigue 
and somnolence. Secondary deficits may result, including deficits in concentration, 
attention and cognitive performance, reduced vigilance, daytime fatigue, malaise, 
depressed mood and irritability. The exact prevalence is not known. Fewer than 5% of 
patients seen at sleep disorder centres receive this diagnosis . The sex ratio is not 
known. The disorder may occur at any age, although the elderly are at more risk for 
developing this condition (American Academy of Sleep Medicine, 2005). 

2.1.2.1 Insomnia 
In the ICSD 2005 the section on insomnia includes a group of sleep disorders all of which 
have in common the complaint of insomnia (adjustment insomnia, psychophysiological 
insomnia, paradoxical insomnia, idiopa thic insomnia, etc.), defined as repeated difficul
ty with sleep initiation, duration, consolidation or quality that occurs despite adequate 
time and opportunity for sleep and results in some form of daytime impairment. 
Insomnia is a symptom that often arises from primary medical illness, mental disorders 
and other sleep disorders, but may also arise from abuse or exposure. However, the gen
eral criteria for insomnia are the same for all subgroups of insomnias. 

2.1.2.2 General criteria for insomnia 
A. A complaint is made concerning diffic:ulty initiating sleep, diffiwlty maintaining 

sleep, waking up too early or sleep that is chronically non-restorative or poor in 
quality. In children, the sleep difficulty is often reported by the carer and may 
consist of observed bedtime resistance or inability to sleep independently. 

B. The above sleep difficulty occurs despite adequate opportunity and circumstances 
for sleep. 

C. At least one o f the following forms of daytime impairment related to the night
time sleep difficu lty is reported by the patient: 

• fatigue or malaise 
• attention , concentration, or memory impairment 
• social or vocational dysfunction or poor school performance 
• mood disturbance or irritability 
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• daytime sleepiness 
• motivation, energy, or initiative reduction 
• proneness to errors or accidents at work or while driving 
• tension, headaches, or gastrointestinal symptoms in response to sleep loss 
• concerns or worries about sleep. 

Defining the cause of a sleep/wake disturbance in an insomnia patient is a complex 
task since it is often mult i factor ial. In fact, a confluence of factors that support mul
tiple insomnia diagnoses may be judged important in many patients with insomnia. 
Although selection of a single diagnosis is preferable and this selection may be 
appropriate, such a selection should nor necessarily imply the absence of a subset of 
factors relevant to an alternate diagnosis. W hen criteria for multiple insomnia d iag
nosis are met, all relevant diagnosis should be assigned. 

2.1.2.3 Environmental sleep disorder 
In the ICSD 2005, environmental sleep disorder is listed in the category of "other sleep 
disorders". Noise-induced sleep disturbance is one of the d isturbing environmental fac
tors that <.:ause a complaint of either insomnia or daytime fatigue and somnolence. 

The diagnostic criteria for environmental sleep disorder are the following. 

A. The patient complains of insomnia, daytime fatigue or a parasomnia. In cases 
where daytime fatigue is present, the daytime fatigue may occur as a resu lt of 
the accompanying insomnia or as a result of poor quality of nocturnal sleep. 

B. The complaint is temporally associated with the introduction of a physically 
measurable stimulus or environmenta l circumstance that disturbs sleep. 

C. It is the physica l properties, rather than the psychological meaning of the envi
ronmental factor, that accounts for the complaint. 

D. The sleep disturbance is not better explained by another sleep disorder, medica l or 
neurological disorder, mental disorder, medication use or substance use disorder. 

The prevalence of environmental sleep d isorder is not known. Fewer than 5% of 
patients seen at sleep disorder centres receive this diagnosis. 

International standardization and quantification for measurement of the depth of sleep is 
based on Rechtschaffen and Kales criteria from 1968. Sleep is divided into 30-second 
epochs, and a phase is only assessed if the specific features are evident for more than 50% 
of the epoch length. For example, wakefulness is scored when at least 15 seconds of con
tinuous awakening is present. Arousal reactions not leading to macroscopic awakening 
were not included in the definition by Rechtschaffen and Kales. With the arousals as 
described by the American Sleep Disorders Association (1992) it is possible to display sub
vigilant sleep fragmentation, caused by intrinsic sensory and autonomic alarm reactions. 
An arousal index providing the arousal density (events per hour of sleep) was taken as a 
measure of the degree of severity. In one hour, 10-20 arousals are considered as normal in 
hea lthy adults. However, the use of EEG arousals with the American Sleep Disorders 
Association definition provides no sufficient explanation of daytime sleepiness {Ali, Pitson 
and Stradling 1996; Ayas et al. , 2001) unless they are accompanied by vegetative arousals. 

Regarding noise, different vigi lance level assessments in various functional systems are 
important. Dumont, Montplaisir and Infante-Rivard (1988) proposed investigations of 
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vegeta tive, motor and sensory functions independently of each other. One of the pos
sible factors indicating disturbed sleep is a vegetative arousal index. A vegetative arous
al index of more than 30 per hour is certa inly considered as serious, more than 20 per 
hour as intermediate and more than 10 as a light form of sleep disorder. 

With respect to insomnia (sectio n 2.1.2), there is the possibility o f misclassifica tion 
if the genera l practitioner (GP) overlooks excessive noise as the possible cause of the 
complaint. There is a lso the possibility that the insomnia is aggravated by noise. 

2 .1.3 CONCLUSIONS 

Published information on no rmal sleep can serve as an outline for normal values in 
PSG. H owever, these values are only informative, because each sleep laboratory must 
study co ntrol subjects to identify any significant effects on sleep that result from dif
ferences in technique or environment. Excessive daytime sleepiness is a consequence 
of distur bed night sleep and can be objectively assessed by MSLT, which provides an 
obje<.:tive quantifica tion of "sleepiness". 

2.2 LONG-TERM HEALTH RISK MEDIATED BY 
SLEEP DISTURBANCES 

2.2.1 STRESSORS, NEUROBEHAVIOURAL DATA AND 
FUNCTIONAL NEUROIMAGING 

It is generally accepted tha t insufficient sleep and particularly sleep loss has a great 
influence on meta bolic and endocrine functio ns (Spiegel, Lep roult and van Cauter, 
1999), as well as on inflammatory markers, and contributes to cardiovasc.:ular risk. 
C-reactive protein (CRP) as a ma jor marker of the acute phase response to inflam
matory reaction promotes secretio n of inflammatory mediators by vascular endothe
lium and may be therefore directly involved in the development of atherosclerotic 
lesions. CRP as a risk predictor of strokes and heart attacks linearly increases with 
tota l and/or parti al sleep loss (Meier-Ewert et al., 2004). 

An additional factor, closely linked to card iovascular health, glucose regulation and 
weight control, is leptin. Leptin is one of the major regulators of energy homeosta
sis and its circadian profile interacts closely with sleep. 

Secretion of leptin increases at night and decreases during the day. A decreased lep
tin level, that is connected with sleep loss, increases appetite and p redisposes to 
weight gain, impaired glucose tolerance and impaired host response. 

O ther studies have focused on how sleep loss affects neurobehavioural functions, 
especially neurocognitive per formance. Func.:tional brain imaging and EEG brain 
mapping studies show tha t the pa tterns of functional connectivity between brain 
regions, evident in the performance o f specific cognitive tasks, are altered by sleep 
loss (N CSDR, 2003). According to this finding, the maintenance of sustained per
formance during sleep loss may d epend upon regional functional plasti city. 
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Cumulative waking, neurocognitive deficits and instability of state that develop from 
chronic sleep loss have a basis in a neurobiological process that can integrate 
homoeosta tic pressure for sleep across days. In..:reased efforts have helped to deter
mine the roles of REM and non-REM sleep in memory. 
Functional brain imaging techniques, such as positron emission tomography (PET ), 
functional magnetic resonance imaging (fMRI), magnetic resonance specrroscopy 
(MRS), single photon emission rnmputed tomography (SPECT) and magneto-elec
troencephalography (MEG), have recently been analysed in a study of sleep and 
waking (NCSDR, 2003). These techniques allow the measurement o f metabolic and 
neurochemical activity throughout the brain , and can reveal dynamic patterns of 
regional cerebral activity during various brain states, including stages of sleep and 
levels of a lerrness during wakefulness or during functional challenge. T hese tech
niques can also help identify both normal and abnormal sleep/wake processes. 

In rhe last five years, functional neuroimaging techniques (particularly PET) have 
revealed that non-REM sleep is associated with the deactivation of central encephal
ic regions (bra instem, tha lamus, basal ganglia) and multimodal association cortices 
(for instance, prefrontal a nd superior temporal/ inferior parietal regions). REM sleep 
is characterized by reactivation of all central encephalic regions deactivated during 
no n-REM sleep except the multimodal association areas. PET studies during sleep
deprived wakefulness have revealed regional cerebral deactiva tions that are especial
ly prominent in prefronta l and inferior parieta l/superior temporal cortices, and in the 
tha lamus. T his pattern is consistent and helpfu l in explaining the nature of cognitive 
performance deficits tha t occur during sleep loss. As revea led by means of fMRI 
techniques during cognitive task performance, the maintenance of performance fol
lowing sleep loss may be a function of the extent to which other cortical brain 
regions can be recruited for task per formance in the sleep-deprived stare. 

PET, SPECT and fMRI studies have revealed, in depressed patien ts, initia lly elevat
ed activation in anterior cingulare and medial orbital cortices (NCSDR, 2003). In 
these patients, sleep deprivation reduces this regional hyperactivation, and improve
ments in mood are a function of the extent to which this activity is reduced. These 
studies point to possible mechanisms by which antidepressant drugs may exert their 
effects. Further research should be oriented towards neuroimaging and measure
ments of changes in the brain's metabolic activity at the neurotransmitter level. 

2 .2 .2 SIGNALS MEDIATED BY A SUBCORTICAL AREA 
(THE AMYGDALA), THE ROLE OF STRESS HORMONES 
IN SLEEP DISTURBANCE AND THEIR HEALTH 
CONSEQUENCES 

Experimental as well as clinical studies (Waye et a l. , 2003; Ising and Kruppa , 2004) 
showed thar rhe first and fas test signal of srressors introduced by no ise is detected 
and media ted by a subcortical area represented by the amygdala while rhe stress 
response to noise is mediated primarily by the hypothalamus-pituitary-adrenal 
(HPA) axis. A major intrinsic marker of the circadian rhythm is in the level of circu
lating corticosteroids derived from activity within the HPA axis. A protracted stress 
response with activation of rhe HPA axis is a major physiological response to envi
ronmental stressors. T he cortisol response ro awakening is an index o f adrenocorti
cal activity, and long-term nocturna l noise exposures may lead, in persons liable to 
be st ressed by noise, to permanently increased cortisol concentration above the nor-
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mal range. The hypothesis that an increased risk of cardiovascular diseases is con
nected w ith stress concepts is generally accepted (Ekstedt , Akerstedt and 
Soderstrom, 2004; Ising and Kruppa, 2004). Stress react ions may lead to derange
ment of normal neurovegetative and hormonal processes and influence vital body 
functions. Cardiovascular parameters such as BP, cardiac func tion, serum choles
terol, triglycerides, free fatty acids and haemostatic factors (fibrinogen) impede the 
blood flow through increased viscosity and presumably blood sugar concentra tion 
as well. Insulin resistance and diabetes mcllitus, stress ulcers and immune system 
deficiency are a lso frequent consequences of stress reaction . Disturbed sleep may 
lead to immunosuppression and diminished protein synthesis (Horne, 1988). 

As well as nonspecific effects of the stress response on the functioning of the immune 
system, there is considerable evidence for a relation between sleep, especia lly SWS, 
and the immune system (Brown, 1992). This evidence includes surges of certain 
immune parameters and growth hormones at onset of SWS, correlation of no n-REM 
sleep, total sleep time and sleep efficiency with natural killer cell activity, and corre
lation of SWS with recovery from infections. These data, taken together with infor
mation on the effect of intermittent transportation noise on SWS during the first 
sleep cycles and overnight, suggest that the immune response could a lso be impact
ed directly by environmental noise during sleep (Carter, 1996). 

2 .2.3 SLEEP RESTRICTION, ENVIRONMENTAL STRESSORS 
(NOISE) AND BEHAVIOURAL, MEDICAL AND SOCIAL 
HEALTH CONSEQUENCES OF INSUFFICIENT SLEEP: 
RISK OF MORBIDITY AND MORTALITY 

Sleep restriction due to environmental stressors leads to primary sleep disorders, bur 
health is a lso influenced by the consequence of stress response to noise m ediated by 
the HPA axis and/or by restriction of specific sleep stages (see above). 

Sleep restriction leads, in approximately 40% of affected subjects, to daytime sleepiness 
that interferes with work and socia l functioning. Excessive daytime sleepiness is thus a 
major public health problem, as it interferes with daily activities, with consequences 
including cognitive problems, motor vehicle accidents (especially at night), poor job per
formance and reduced productivity (Lavie, Pillar and Malhotra, 2002). In the last 
decade, experimentally based data have been collected on chronic restriction of sleep (by 
1-4 hours a night), accumulating daytime sleepiness and cognitive impairment. Most 
individuals develop cognitive deficits from chronic sleep debt after o nly a few nights of 
reduced sleep quality or quantity. New evidence suggests additional important health
related consequences of sleep debt rela ted to common viral illnesses, diabetes, obesity, 
heart disease, depression and other age-related chronic disorders. 

The effects and consequences of sleep deprivation are summarized in Table 2.4 
(Lavie, Pillar and Malhotra, 2002). 

The relationship between sleep quantity and quality and estimates of mo rbidity anti mortali
ty remains controversial. Epidemiological data (NCSDR, 2003) suggest that habitually short 
sleep (less than 6 hours sleep per night) is associated with increased mortality. Epidemiological 
studies in recent years elucidated, however, that too much sleep is a problem as wdl. Kripke 
et al. (2002) evaluated a questionnaire study of 1.1 million men and women aged 30-102 
yea rs and found the lowest mortality risk between respondents sleeping 7 hours per night. 
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Type 

Behavioural 

Cognitive 

Neurological 

Biochemical 

Others 
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Short-term 

Sleepiness 
Mood changes 
Irritability and 
nervousness 

Long-term 

Depression/mania 
Violence 

Impairment of function Difficulty in learning 
new skills 
Short-term memory 
p roblems 

Mild and quickly 
reversible effects 

Increased metabolic 
rate 
Increased thyroid 
activity 
Insulin resistance 

Hypothermia 
Immune function 
impairment 

Difficulty with com
plex tasks 
Slow reaction time 

Cerebellar ataxia, 
nystagmus, tremor, 
ptosis, slurred 
speech, increased 
reflexes, increased 
sensitivity to pain 

Decreased weight 
J espite increased 
caloric intake 
(in animals) 
Diabetes, obesity 
(in humans) 

Susceptibility to 
viral illness 

Table 2.4 
Consequences of sleep 
deprivation 

Mortality risk significantly increased when sleep duration was less than 6 or higher 
than 8 hours per night. O ther authors have also published similar results (Patel et 
al., 2004; Tamakoshi and Ohno, 2004) . Patel et al. (2004) in a p rospective study of 
sleep duration and morrality risk in 5409 women confirmed previous findings that 
mortality risk is lowest among those sleeping 6- 7 hours per night. The mortality risk 
fo r death from other causes significantly increased in women sleeping less than 5 and 
more than 9 hours per night. It is not dear how the length of sleep can increase this 
risk, although animal evidence points to a direct link between sleep time and lifes
pan (see section 2.5 in this chapter ). Up to now, no epidemiological p rospective 
study has been published that examines the relationship between sleep and health 
outcomes (morbidity and mortality) with subjective and objective estimates. Recent 
studies, however, show that sleep duration of least 8 hours is necessa ry for optimal 
per formance and for prevention of daytime sleepiness and accumula tio n of sleep 
debt. 

Environmental stressors, including noise, mostly cause insomnia. Insomnia also 
involves daytime consequences, such as tiredness, lack of energy, difficulty concen
tra ting and irrita bility. A reasonable preva lence estimate for chronic insomnia in the 
general populatio n is abo ut 10%; for insomnia of any duration o r severity this rises 
to between 30% and 50%, and incidence increases with ageing. In the course of per
imenopausal time, women are particularly vulnerable to developing this complaint. 
The major consequences and co-morbidity of chronic insomnia (see Table 2.5) con
sist of behavioural, psychiatric and medica l problems. Several studies also report a 
higher mortality risk (Zorick and Walsh, 2000). 
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Table 2.5 
Consequences of 
chronic: insomnia 

Type Consequence 

Behavioural Poor performance at work, fatigue, memory difficulties, 
concentration problems, motor vehicle accidents 

Psychiatric Depression, anxiety conditions, alcohol and other sub
stance abuse 

M edical 

Mortality 

Cardiovascular, respiratory, renal, gastrointestinal, 
musculoskeletal disorders 
Obesity 
Impaired immune system function 

Increased risk is reported 

2.2.3.1 Behavioural consequences 
Transient (short-term) insomnia is usually accompanied by spells of daytime sleepi
ness and performance impairment the next day. Persistent (long-term) insomnia 
tends to be associated with poor performance at work, fatigue, memory difficulties, 
concentration problems and twice as many fatigue-related motor vehicle accidents as 
in good sleepers. 

2.2.3.2 Psychiatric conditions 
Epidemiological resean;h indicates that the prevalence of any psychiatric disorder is 
two or three times higher in insomniacs. The risk of depression as a co-morbid state 
appears to be particularly strong, being approximately four times more likely in 
insomnia patients. Furthermore, insomnia may be an ea rly marker for psychiatric 
disorders such as depression, anxiety conditions and alcohol abuse. Anxiety has been 
quite commonly found in insomniacs compared with the general population. About 
25-40% of insomnia patients are estimated to have significant anxiety, and the 
abuse of alcohol and other substances is increased in insomniacs relative to good 
sleepers (Ford and Kamerow, 1989). Samples of unselected psychiatric patients have 
about a threefold increase in the frequency of insomnia compared with healthy con
trol subjects, and the severity of the condition correlates with the intensity of the psy
chiatric symptoms. Among samples ·of outpatients who consulted their GPs for 
insomnia, about 50% presented with psychiatric conditions, and about half of these 
patients were probably depressed (Zorick and Walsh, 2000). 

2.2.3.3 Medical consequences 
Insomnia has been statistically associated with various medical conditions, including 
disorders of the cardiovascular, respiratory, gastrointestinal, renal and musculoskele
tal systems. A large series of insomniac patients showed that poor sleepers are more 
than twice as much at risk of ischaemic heart disease (IHD) as good sleepers 
(H yyppa and Kronholm, 1989). Insomnia patients were also shown (Irwin, Fortner 
and Clark, 1995) to have impaired immune system fu1Ktion. Keith et al. (2006) 
hypothesize a connection between sleep deficit as one of the possible factors to 
explain the rise in obesity. Hormone changes and animal experiments apparently 
support this. 

2.2.3.4 Mortality risk 
Only a few epidemiological studies deal with mortality in insomniacs. According to 
Kripke et al. (1979), reduced sleep time is a greater mortality risk than smoking, 
hypertension and cardiac disease. Higher death rates are also reported among short 
sleepers. In this respect, however, further systematic investigation of the link between 
insomnia, short sleep and death is desirable. 

NIGHT NOISE GUIDELINES FOR EUROPE 

 
016017



SLEEP AND HEALTH fIIII 

2.3 RISK GROUPS 
Risk groups are people who may be either sensitive (showing more reaction to a 
stimulus than the average), are m ore exposed (also ..:ailed vu lnerable) or both. 

2 .3.1 HEALTH EFFECTS OF DISTURBED SLEEP IN CHILDREN 

Although children appear to tolerate a single night of restricted s leep with no detri
mental effect on performan..:e of brief tasks, perhaps more prolonged restriction and 
prolonged tasks similar to those required in school would show negative effects. In 
addition, as ..:hildren seem to require more time to recuperate fully from nocturnal 
sleep restri..:tion than adults (Carskadon, Harvey and Dement, 1981a), with addi
t ional nights of partia l sleep deprivation, cumulative sleepiness might become a sig
nificant problem. 

Empirical data that dire..:tly address the effects of repeated sleep loss on children's 
mood or cognitive function are sparse. A range of cl inical and o bservational data 
support a genera l pi..:ture that inadequate sleep results in tiredness, difficulties in 
focusing a ttention, low thresholds for negative reactions (irritability and easy frus
tratio n) , as well as difficulty in controlling impulses and emotions. In some cases, 
these symptoms resemble attention-deficit hyperactivity disorder (ADHD). 

Environmental noise experienced at home during night-time is a sometimes unpre
dictable and most often discontinuous event (for example traffic no ise, aircraft or 
train noise, a noisy environment for other reasons, for instance proximity with a d is
cotheque, etc. ), that might lead to sleep disruption without leading to behavioural 
awakenings through the a lteration of sleep microstructurc, in a similar manner as 
other sleep disturbing events such as respiratory disturbances. 

Therefore, in respect of clinical settings, we can assume that, in children , an experi
mental model for the consequences of noise can be represented by respiratory distur
bances during sleep, such as snoring, upper airway resistance syndrome (UARS) or 
obstrucrive sleep apnoea syndrome (OSAS), either for the noise produ..:ed by snoring 
or for the effects on the arousal system and sleep microstructure. 

For this reason, this section describes the well-studied effects of sleep breathing dis
orders on children 's health and then evaluates the indicators o f sleep disruption from 
the point of view of sleep microstructure. 

In the literature few data on the medium- and long-term effects of disturbed sleep in 
children are available from the longitudmal po int of view. Most reports focused on 
respiratory disturbances during sleep as a theoretical model to evaluate the long
term effects of d isturbed sleep in children. This review reports o n the medium- and 
long-term negative consequences of disturbed sleep on cognitive functioning, behav
io ur, menta l health , growth and the cardiovascular system. 

2.3. 1.1 Sleep deprivation in children 
The effects of sleep deprivation were evaluated in children. The findings only indi
rectly pertain to this general report, although repea ted noise-induced sleep disrup
tion favours sleep deprivation. 

In another study, 15 healthy infants aged 78+/-7 days were studied during two 
nights: o ne night was preceded by sleep deprivation (kept awake for as long as pos-
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sible beyond their habitual bedtime: median onset 150 min; range 0-210 min) 
(Thomas et al., 1996). O f the 15 children, 13 slept supine, 12 were breastfed and 4 
were from smoking parents. Fo llowing sleep deprivation, infants maintained a 
greater proportion of quiet sleep (44 % vs. 39%; p=.002). There was no measurable 
change in arousal propensity by either graded photic (stroboscope) or auditory stim
uli (1 kHz pure tone, delivered in the miJline of the cot, from 73 dB and inn easeJ 
in 3 dB steps to 100 d B) during quiet sleep. 

Forty-nine Finnish children (26 boys/23 girls) aged 7-12 years were interviewed 
together with their parents and school teachers, and recorded for 72 hours with a 
belt-worn activity monitor during weekdays. 

The objectively measured true sleep time was associated with psychiatric symptoms 
reported by a teacher. The decreased amount of sleep was associated more with 
externalizing than internalizing types of symptoms (aggressive and delinquent 
behaviour, attention, social, and somatic problems) (Aronen et al., 2000) . 

In a survey, it was also shown that o ut o f 100 Belgian school children, aged between 
9 and12 years, those with poor sleep (insomnia) were also showing more frequent 
poor school performance (failure to comply with expected grades) than good sleep
ers. The rela tion between poor sleep and a noisy environment was, however, not 
evaluated (Kahn et a l. , 1989). 

2.3.1.2 Neurocognitive manifestations 
Several studies in adults have shown that sleep fragmentation and hypoxaemia can 
result in daytime tiredness a nd loss of concentration, retrograde amnesia, disorien
tation , morning confusion, aggression, irritability, auxiety attacks and depression. 
O ne could hypothesize that sleep fragmentatio n and hypoxaemia would affect the 
neuropsychological and cognitive performance also in children , where the impact of 
abno rmal sleep may be even greater than in adults. In fact, neuro.:ognitive and 
behavioural deficits and school problems have been reported recently in children 
with sleep-rela ted o bstructive breathing disorders (SROBD). 

2.3.1.3 Attention capacity 
This represents the ability to remain focused o n a task and appropria tely attend to 
stimuli in the environment. Taken together the studies to date indicate that children 
with SROBD are less reflective, more impulsive, and show poorer sustained and 
selective at tention. Blunden et al. (2000) reported that, compared to 16 controls, 16 
children with mild SROBD showed reduced selective and sustained attention. 
Owens-Stively et a l. (1997) suggested a dose- response in attention-impulsivity with 
moderate to severe obstructive sleep apnoea syndrome (OSAS) children showing 
greater deficits than mild OSAS children. Importantly, early treatment showed that 
attention deficits in child ren with OSAS are reversible (Guilleminault et a l. , 19826). 
In another study, 12 children with moderate to severe OSAS sh owed a significant 
reduction in inattention and an improvement in aggressive and hyperactive behav
iours and vigilance after surgica l t reatment (Ali, Pitson and Stradling, 1996). 

2.3.1.4 Memory 
Rhodes et al. (1995) found inverse correlations between memory and learning per
formance and the apnoea hypopnea index in 14 mo rbidly o bese children. Smaller 
deficits were observed by Blunden et al. (2000) , who found in their sample of chil
dren with mild SRO BD that mean global memory performance was in the lower end 
of the normal range compared to controls. 
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A recent study using actigraphy in normal school-age children showed that lower 
sleep efficiency and longer sleep latency were associated with a higher percentage of 
incorrect responses in working memory tasks; shorter sleep duration was associated 
with performing tasks at the highest load level only. Also, controlling for age, gen
der, and socioeconomic status, sleep efficiency and latency were significantly associ
ated with the mean incorrect response rare in auditory working memo ry tasks. This 
study showed tha t sleep quality (evaluated as sleep efficiency = 100'' [sleep + light 
sleep]/du ration ) is more strongly associated with performance in wor king memory 
tasks than sleep duration, suggesting that in assessing sleep, attention should be 
directed not only a t the amount of sleep but also a t sleep quality. 

2.3.1.5 llltelligence 
Inspection of the mean IQ scores reported in the study by Rhodes et a l. (1995) sug
gested that their sample of five obese children with moderate to severe OSAS per
formed in the borderline range whereas controls performed in the normal range. 
Blunden et al. (2000) showed smaller deficits in children with mild SROBD whose 
mean verbal and global IQ were in the lower end o f the normal range. 

It remains unclear as to whether the putative negative effects of SROBD on intelli
gence arc globa l in na ture o r confined to specific areas such as verbal rather than 
performance or visuospatial intelligence and whether these impairments can be 
reversed. 

2.3.1.6 Leaming and school perfonnance 
It has been widely reported (Stradling et al., 1990; Guilleminault et al. , 1996; 
Richards and Ferdman, 2000 ) chat children with SROBD show red11ced academic 
performance and learning. 

Weissbluth et al. (1983) fo11nd that poor academic achievers had a higher prevalence 
of night-rime snoring (38% vs. 21 %) and breathing difficulties (13% vs. 6%). Out 
of 297 children with SROBD (22 % snorers and 18% sleep-associated gas exchange 
abnormalities), 40% were in the lowest 10th percentile of academic performance 
(Goza!, 1998) and SROBD in early childhood may continue to adversely affect learn
ing in later years (Goza I and Pope, 2001 ). Goza! (1998) found in his sample of poor 
academic achievers that school grades improved post-adenotonsillectomy in treated 
but not untreated children. 

As wel l as those with SROBD, healthy normal chi ldren with fragmented sleep (mea
sured by actigraphy) also showed lower performance on neurobehavioural function
ing (NBF) measures, pa rticularly those associated with more complex tasks, and also 
had higher rates of behavio ural problems (Sadch, Gruber and Raviv, 2002). 
Furthermore, in normal children without sleep disorders, modest sleep restriction 
can also affect children's NBF. Sadeh, Gruber and Raviv (2003) monitored 77 chil
d ren for 5 nights with activity monitors. O n the third evening, the children were 
asked to extend or restrict their sleep by an hour on the fo llowing three nights. Their 
NBF was reassessed o n the sixth day following the experimental sleep manipulation 
and showed that sleep restriction led to improved sleep quality and to red11ced 
reported alertness. 

These studies suggest that fragmented sleep or insufficient sleep is highly relevant 
during childhood and that children are sensitive to modest altera tions in their natu
ral sleep duration. 
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Early reports documented that untreated OSAS can have long-term negative effects, such 
as fa ilure to thrive, cor pulmonale and mental retardation. These severe consequences are 
less common now due ro early diagnosis and treatment, bur recent reports have focused 
on other long-term effects mainly related to neurocognitive deficits, such as poor learn
ing, behavioural problems and ADI-ID (Marcus, 2001). 

Goza I and Pope (2001) tried to determine the potentia l long-term impact of early child
hood snoring. Anal)1sing questionnaires of 797 children in a low academic performance 
group (LP) and 791 in a high academic performance (HP) group, they found that fre
quent and loud snoring during early childhood was reported in 103 LP children (12.9%) 
compared with 40 HP children (5 .1 % ). Therefore, children with lower academic per
formance in middle school are more likely ro have snored during early childhood and to 
require surgery for snoring compared with better performing schoolmates. These find
ings suggest that children who experienced sleep-disordered breathing during a period 
traditionally associated with major brain growth and substantial acquisition of cognitive 
and intellectual capabil ities may suffer from a partially irreversible compromise of their 
a priori potential for academic achievement. Three major components that result from 
rhe intermittent upper airway obstnKtion that occurs during sleep in children could the
oretically contribute to such neurocognitive deficits, namely episodic hypoxia, repeated 
arousal leading to sleep fragmentation and sleep deprivation, and periodic or continuous 
alveolar hypoventi la tion. 

Schooling problems may underlie more extensive behavioural disturbances such as rest· 
lessness, aggressive behaviour, EDS and poor neurocognitive test performances. Nearly 
20- 30% of children affected by OSAS or loud and frequent snoring show important 
signs of behavioural problems such as inattention and hyperactivity. Problems similar to 
symptoms of ADHD are linked ro the presence of repeated sleep arousa ls, and intermit
tent hypoxic events, inducing a lack of behavioural inhibition with negative implications 
for working memory, motor control and self-regulation of motivation and affect. 

In contrast with these data, Engle-Friedman er al. (2003) recently found a significant 
improvement of functions, at least in mild to moderate OSAS, when measured several 
months fo llowing an adenoronsillectomy, but they confi rmed that their results could nor 
rule out the possibility, even after treatment, of partial irreversible damage to academic 
function that may be detected only later in life. In addition, they stated that adults who 
also had deficits of neurocognirive executive functions related to the prefronral area 
fa iled to improve significantly after treatment. 

The negative long-term effects may be media red by the irreversible altera tion of rhe pre
frontal cortex (PFC) and be related to structura l changes of the brain as a consequence 
of hoth hypoxaemia and sleep fragmentarion induced by OSAS or other pathologies 
affecting sleep. 

In a recent reporr concern ing OSAS adults, Macey er al. (2002) demonstrated grey mar
ter loss in cerebral sires involved in motor regulation of rhe upper airway as well as in 
areas contributing to cognitive function (frontal and parietal cortex, temporal lobe, ante
rior cingulate, hippocampus and cerebellum). It can be argned rhar, in critical stages of 
bra in development (that is, in childhood), these effects can lead ro even more severe con
sequences, which could explain the negative long-term effects. 

Ir is speculative to think rhat the remodelling of rhe brain could also be mediated by sleep 
and, therefore, sleep fragmentation could affect the process of brain plasticity (that is, the 
capacity of the brain to modify its structure and function over ti111e). Recent studies show-
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ing experience-dependent gene-expression of gene zi(-268 during paradoxical sleep in rats 
exposed to a rich sensorimotor environment, and the role of sleep in enhancing the remod
elling of ocular dominance in the developing visual cortex are also in line with the hypoth
esis that sleep affei:rs neuronal plasticity and memory processes (Peigneux ct al. , 2001). 

2.3.1. 7 Neurobehavioural manifestations 
Behavioural disturbances are common in children with SRODB, with higher prevalence 
rates of both internalized (for instance being withdrawn, shy, anxious and psychosomat
ic) and externalized (for instance impulsivity, hyperactivity, aggression and delinquency) 
problematic behaviours (Blunden, Lushington and Kennedy, 2001). The most frequent
ly documented problematic behaviom in children with SROBD is attention deficit 
hyperactivity with a prevalence rate of 20-40% (Weissbluth et al., 1983; Ali, Pitson and 
Stradling, 1993). Conversely, children with ADH D showed a high prevalence rate of 
snoring (Chervin et al. , 1997) and a co-diagnosis of ADHD has been reported in 8-12% 
of children with OSAS (O'Brien and Goza!, 2002). 

A few studies have documented that children with sleep disorders tend to have 
behavioural problems similar to those observed in children with ADHD. A survey of 
782 children documented daytime sleepiness, hyperactivity, and aggressive behav
iour in children who snored, w ith 27% and 38% of children at high risk for a sleep 
or breathing disorder displaying clinica lly significant levels of inattention and hyper
active behaviour, respectively (Ali, Pitson and Stradling, 1994). 

At 3 years of age children with persistent sleep problems (n = 308) were more like
ly to have behaviour problems, especially tantrums and behaviour management 
problems (Zuckerman , Stevenson a nd Bai ley, 1987). 

In a study of 16 children with a mean age of 12+/-4 years suffering from chronic pain 
due to juvenile rheumatoid arthritis and secondary poor sleep, polysomnographic 
recordings showed poorer night-time sleep, longer afternoon naptime and more day
time sleepiness than normal values from the literature (Zamir er al. , 1998). In a 
school survey of children aged 9-12 years (n = 1000), those with poor sleep (insom
nia for more than 6 months) had poorer school performance, defined as fa ilure to 

comply with expected grades, than good sleepers. T heir learning problems were ten
tatively attributed to the long-term effect of poor sleep (Kahn er al., 1989). 

A questionnaire administered to children aged 4-12 yea rs (n = 472) showed a rela
tion between sleep problems and tiredness during the day (Stein et a l. , 2001 ). 

In children aged 9-12 years (n = 77), shortening sleep by one hour was associated 
with reduced alertness and significant lowering of neurobehavioural functioning 
(Sadeh, Gruber and Raviv, 2003). In sd10ol-age children (n = 140) recorded a t ho me 
with an actigraph, a significant relation was shown between the presences of frag
mented sleep, daytime sleepiness and lower performance in neurobehavioural func
tioning evaluated by various performance rests (Sadeh, Gruber and Raviv, 2000). 
These children also had higher rates of behavioura l problems, as reported by their 
parents (Sadeh, Gruber a nd Raviv, 2002). 

In Finland, children aged 7-12 years (n = 49) were interviewed together with their 
parents and schoolteachers and recorded for 72 hours with a belt-worn activity mon
itor during weekdays. The decreased amount of sleep was associated with symptoms 
such as aggressive and deli nq uent behaviour, attention , social and somatic problems. 
The findings of this research were better associated with the teachers' than the par-
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ents' reports, suggesting that parents may be unaware of their child's sleep deficien
cies as the behavioural problems may be more evident at school than a t home 
(Aronen et al., 2000). 

A prospective long-term study conducted in Sweden on 2518 children revealed that with
in a subgroup of 27 children with severe and chronic sleep problems, 7 children developed 
symptoms that met the criteria for ADHD by the age of 5.5 years (Thunstrom, 2002). 
Compared to the other children with sleep problems, these subjects had more frequent 
psychosocial problems in the family, bedtime struggles and long sleep latency at bedtime. 

A population-based, cross-sectional questionnaire survey was conducted in 
Massachusetts on 30 195 ch ildren aged 5 years (Gottlieb et al. , 2003). Children 
described by their parents as having sleep-disordered breathing (snoring, noisy 
breathing, apnoea) were sign ificantly more likely to have daytime sleepiness and 
problem behaviours, including hyperactivity, inattention and aggressiveness (all with 
an odds ratio >2.0). These problem behaviours were suggestive of ADHD. 

Similar findings were found in a group of children aged 5-7 years with periodic limb 
movement disorder who were studied polygraphically and their recording compared 
with those of age-matched children with ADHD. Their repeated sleep fragmentation 
resulting from the periodic limb movement disorder favoured the development of 
symptoms similar to those seen in ADHD (Crabtree et al., 2003). 

The parents of a group of children with an average age of 8.6 yea rs (r ange 2-17 
years) reported that their child ren had difficult behaviours on the day that followed 
a 4-hour night-time sleep restriction (Wassmer et al., 1999). In one study, a 2-hour 
sleep reduction induced by delayed bedtime has been shown to increase daytime 
sleepiness, mainly during morning hours (Ishihara and Miyke, 1998; Ishihara, 
1999). 

Following one night of 4 hours of sleep deprivation imposed on children (aged 
11-13 years), a decrease in performance tests has been observed (Carskadon, Harvey 
and Dement, 1981a). 

Following one night's sleep loss, adolescents showed increased sleepiness, fatigue 
and reaction time. They selected less difficult academic tasks during a set of tests, but 
the percentages of correct responses were comparable to those seen following a nor
mal night's sleep (Engle-Friedman et al. , 2003). 

Another study has been conducted on 82 children, aged 8-15 years. They were 
assigned an optimized, 10-hour night of sleep, or a restricted 4-hour night of sleep. 
Sleep restriction was associated with shorter daytime sleep latency, increased subjec
tive sleepiness, and increased sleepy and inattentive behaviours, but was not associ
ated with increased hyperactive-impulsive behaviour or impaired performance m 
rests of response inhibition and sustained attention (Fallone et al. , 2001). 

2.3.1.8 Mental health 
A recent longitudinal study on the outcomes of early life sleep problems and their 
relation to behaviour problems in early childhood stressed the importance of study
ing the natural history of sleep problems and their consequences in order to identify 
whether persistent or recurrent sleep problems at age 3-4 years are associated with 
co-morbidities such as child behaviour problems, maternal depression and poor fam
ily functioning (Peiyoong, Hiscock and Wake, 2003). 
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The authors found that night waking at 3--4 years of age continued to be common. 
Seventy eight percent of mothers reported that their child awoke during the night at 
least once during the week, and of these waking children, 43% were reported to 

have awakenings 4 or more nights per week. Children with early sleep problems had 
significantly higher mean scores on internalizing and externalizing behaviour and the 
aggressive behaviour and somatic problems subscales of the Child Behavior 
Checklist (CBCL). 

It has been noted that within groups of children and adolescents with psychiatric, 
behavioural or emotional problems, rates of sleep disorders are elevated (Sadeh et 
al., 1995). On the other hand, children and adolescents with disturbed sleep report 
more depression, anxiety, irritability, fearfulness, anger, tenseness, emotional insta
bility, inattention and conduct problems, drug use and alcohol use. 

Only a few longitudinal studies in adolescents have evaluated the impact of insom
nia on future functioning. In a large sample of 11-17-year-old adolescents, followed 
for one year, using symptoms of DSM-IV criteria for insomnia, Roberts, Roberts and 
Chen (2002) found that nearly 18% of the youths 11-17 years of age reported non
restorative sleep almost every day in the past month, over 6% reported difficulty in 
initiating sleep, over 5% waking up frequently during the night, another 3% had 
early-morning awakening almost every day, over 7% reported daytime fatigue and 
5% daytime sleepiness. Combining "often" and "almost every day" response cate
gories dramatically increases prevalence, ranging from 60% for non-restorative sleep 
to 23 % for daytime fatigue and 12% for waking up at night with difficulty going 
back to sleep. The re-eva luation of the sample at follow-up sho wed that insomnia 
predicted two indicators of psychological functioning: self-esteem and symptoms of 
depression (Roberts, Roberts and Chen, 2002). 

2.3.1.9 Gruwth impairment 
Failure to thrive is a well-known complication of disturbed sleep and childhood 
OSAS. The cause of poor growth is not known, although many different reasons 
have been implicated: (a) poor caloric intake associated with adenotonsi llar hyper
trophy; (b) excessive caloric expenditure secondary to increased work of breathing; 
(c) abnormal growth hormone (GH) release secondary to loss of deep non-REM 
sleep. The relative roles of these factors are unclear (Marcus et al., 1994; ATS, 
1999). Circulating concentrations of insulin-like growth factor- I (IGF-I) and IGF
binding protein 3 (IGFBP-3) reflect mean daily GH levels, and seem to correlate well 
with physiological changes in GH secretion. In the operated children with initial 
OSAS a highly significant reduction in the apnoea-hypopnea index (AHI) was found 
and both the IGF-I and the IGFBP-3 concentrations increased signi ficantly. GH is 
released in a pulsa tile fashion; the initial secretion is synchronized with the onset of 
SWS and strongly correlated with slow-wave activity, within 90 to 120 minutes from 
the onset of sleep (Nieminen et a l. , 2002). In OSAS chi ldren, the sleep architecture 
is relatively well-preserved, but the microstructural alteration of SWS due to micro
arousals induced by respiratory disturbance co uld play a role in the abnormal p ro
fi le of GH secretion. 

2.3. 1.10 Cardiovascular complications 
Children with OSAS had a significantly higher diasto lic blood pressure (BP) than 
those with primary snoring. Multiple linear regression showed that BP could be pre
dicted by apnoea index, body mass index and age. The aetiology of OSAS-related 
hypertension is thought to be due to a number of factors, particularly sympathetic 
nervous system activation secondary to arousal and, to a lesser degree, hypoxaemia. 
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Although cortical arousals at the termination of obstructive apnoeas are less com
mon in children than in adults, children may manifest signs of subcortical arousal, 
induding autonomic changes such as tachycardia. It is therefore possible that these 
subcortical arousals are associated with elevations of BP. A correlation between the 
frequency of obstructive apnoea and BP, but no correlation between SaO2 (arterial 
oxygen saturation) and BP was found, suggesting that respiratory-related subcorti
cal arousals rather than hypoxaemia may be a major determinant of BP elevation in 
children (Marcus, Greene and Carroll, 1998). Similarly to BP variations induced by 
OSAS, other studies suggest that chronic exposure to environmental noise during 
sleep could contribute to a permanent increases in BP in otherwise healthy individu
als and that no habituation to noise was apparent over three consecutive sleep ses
sions (Carter et al. , 2002). This is further elaborated in C hapter 4 , section 4 .5. 

2.3.1. 11 Risk of accidents 
Only one study was found that evaluated the association between sleep and duration of 
wakefulness and childhood unintentional injury (Valent, Brusaferro and Barbone, 2001 ). 

Two hundred and ninety-two injured children who attended the Children's 
Emergency Centre in Udine, Italy, or their parents were interviewed following a 
structured questionnaire. The sleeping time and wakefulness of the child was 
assessed retrospectively for each o f the 48 hours before inj ury. For each child, the 
authors compared the 24 hours immediately before the injury (hours 1-24; case peri
od) with hours 25-48 (control period ). 

Overall, more children had longer hours of sleep during the control period than dur
ing the case period. A d irect association between injuq, ri sk a nd sleeping less than 
10 hours was found among boys (RR: 2.33; 95% Cl: 1.07-5.09) but not among girls 
(RR: 1.00; 95% CI: .29-3.45). T he study also found a direct association between 
mjury occurring between 16.00 and midnight, and being awake for at least 8 hours 
before injury occurred (both sexes, RR: 4.00; 95% CI: 1.13-14.17). Sleeping less 
than 10 hours a day was associated with an 86% increase in injury risk. A signifi 
cantly increased risk did not emerge in all subgroups o f patients but it was evident 
among children aged 3-5 years, boys in particular. A fourfold increase in injury risk 
was also associated with being awake for at least 8 hours among males only. These 
findings demonstrated that inadequate sleep duration and lack of daytime naps are 
transient exposures that may increase the risk of injury among children. Results of a 
study on sleep disturbance and injury risk in young children show inadequate sleep 
duration and lack o f daytime naps. A lack of daytime naps means transient expo
sures that may increase the risk of injury among children. Among chi ldren (boys in 
particular) aged 3- 5 years, sleeping less than 10 hours a day was associated with an 
86% increase in injury risk. A fourfold increase in injury risk was also associated 
with being awake for at least 8 hours. 

Daytime sleepiness in chi ldren is often manifested by externalizing behaviours noted 
by parents or teachers, such as increased activity levels, aggression, impulsivity, as 
well as by poor concentration, instantiation irritability and moodiness (Fallone, 
Owens and Deane, 2002). 

Analysing attendance at school, data show that accidents took p lace a t school 
(25.6%) and at home (22.0%), and statistics show that there is a highly significant 
greater total accident rate among boys than among girls. The most frequent injuries 
happening at school are fractures and dislocation of joints, head injuries being more 
common among school injuries compared with spare-time injuries. Most injuries 
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occurred when children were in sports areas and it is noteworthy that 25% of all 
injuries were caused through intentional violence by other pupils. 

2.3.1.12 Use of sleeping pills 
Several studies demonstrated that the use of sleeping pills is commo n among children 
and that paediatricians are prone to prescribe these medications. Twenty-five percent 
of firstborn infants had been given "sedatives" by 18 months (Ounsced and 
Hendrick, 1977). A research study into parental reports of 11 000 preschool chil
dren showed that 12% took psy.:hoactive drugs, most commonly for sleep: 39% 
daily and 60% intermittently for 1-2 years (Kopferschmitt et al., 1992). Another 
study (Trott et a l. , 1995) revealed that 35% of prescriptions for children less than a 
yea r old were for sleep disturbances and that sleep disturbances were also the most 
common reason for prescribing medications to preschool children (23 % ). Two 
French surveys on adolescents showed that 10-12% of the respondents reported use 
of prescription or over-the-counter drugs for sleep disturbances (Patois, Vala tz a nd 
Alperovitch, 1993; Ledoux, Choquet and Manfredi, 1994). Recently it has been 
reported chat of 671 community-based United States paediatricians, 75% had rec
ommended over-the-counter and 50% prescription medicines for insomnia during 
the past 6 months (Owens, Rosen and Mindell, 2003). In addition, an Italian survey 
showed that pharmacological treatment for sleep problems was prescribed during 
the past 6 months by 58.54% of paediatricians and by 61.21 % of child neuropsy
chiatrists (Bruni et al., 2004). 

2.3.2 BASIC INDIVIDUAL FACTORS: GENDER AND AGE 

Gender shows itself to be an imporrant predictor of disturbed sleep in virtually all 
epidemiological studies (Karacan et al. , 1976; Bixler, Kales and Soldatos, 1979; 
Ancoli-Israel and Roth, 1999; Leger et a l. , 2000; Sateia et al., 2000). On the other 
hand, there does not seem to be mw.:h of a difference in polysomnographical param
eters between males and females, except fo r the former losing SWS with increasing 
age and having slightly reduced sleep efficiency also with increas ing age (Williams, 
Ka racan and Hursch, 1974; Hume, Van and Watson, 1998). Ehlers and Kupfer 
(1997) timed the start of differences between genders to between 20 and 40 years. 
Spectra l analysis also indicates slightly larger amounts of low frequency activity in 
females (Dijk, Beersma and Bloem, 1989; Dijk, Beersma and Van den H ofdakker, 
1989). In addition, men seem to run a higher risk of morbidity a nd mortality relat
ed to sleep problems than women (Nilsson et a l. 2001 ). The inconsistency between 
polysomnography and subjective measures has not been resolved but it may be 
important that most polysomnographical studies have controlled for anxiety and 
depression. Thus, it is conceivable that the higher level of subjective complaints in 
women reflects a higher prevalence of anxiety. The latter is a speculation, however. 
A confounding factor in gender co mparisons is that phases in female biological 
cycles are also usually controlled for in polysomnographical studies, meaning that 
potential effects of, for example, menstruation , may not receive their proper weight. 
A recent review has gone th rough the literature in this area (Mol ine et al., 2003) . It 
found that the luteal phase of the menstrual cycle is associated with subjective sleep 
problems, but polysomnographical studies have not supported this . Pregnancy 
affects sleep negatively as early as in the first trimester and the effects mainly involve 
awakenings and difficulties getting back to sleep. Napping is a frequent coping 
method. T he post-partum period is often associated with severe sleep disruption, 
mainly due to feeding and comforting the infant. There seems to be some relation 
between sleep disruption and post-partum mood, but nothing is known about the 
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causal relations. Menopause seems to involve disrupted sleep in relation to hot flush
es, depression/anxiety and sleep-disordered breathing. Oestrogen is associated with 
improved sleep quality but it is not dear whether the effe..:ts are due to a reduction 
of hot flushes. Oestrogen also improves sleep-disordered breathing. 

With respect to background factors, age is an established predictor of disrurbed sleep 
(Karacan et al., 1976; Bix ler, Kales and Soldatos, 1979; Ancoli-Israel and Roth, 
1999; Ribet and Derriennic, 1999; Leger et al., 2000; Sateia et a l., 2000). 
Interestingly, however, older age may be related to a lower risk of impaired awaken
ing (Akerstedt et al., 2002c), that is, in this study it was easier to wake up and o ne 
felt better rested with increasing age, while at the same time sleep quality was lower. 
The increased risk of disturbed sleep is consistent with the increasingly strong inter
ference of the circadian morning upswing of the metabolism with increasing age 
(Dijk and Duffy, 1999). Thus sleep maintenance is impaired and when sleep is inter
rupted "spontaneously", the awakening is, by definition, easily accomplished and 
wi ll be lacking in inertia. This ease of awakening may be interpreted as "being well
rested", and o bviously the need for sleep is not great enough to prevent an effortless 
transition into wakefulness. 

In addition, sleep homeostasis seems to be weakened with age in the sense that sleep 
becomes more fragmented and SWS or power density in the delta bands decrease 
(Williams, Karacan and Hursch, 1974; Bliwise, 1993; Dijk et al. , 1999). As men
tioned above, the effects are more pronounced in males, a fact that may be linked to 
reduced levels of growth hormone and testosterone. 

2 .3 .3 PERSONS EXPOSED TO STRESSORS AS A RISK GROUP 

A number of epidemio logical studies point to a strong link between stress and sleep 
(Akerstedt, 1987; Urponen et al., 1988; Ancoli-Israel and Roth, 1999). In fact, stress 
is considered the primary cause of persistent psychophysiological insomnia (Morin, 
Rodrigue and Ivers, 2003). That stress can affect proper sleep seems obvious, but 
Vgontzas et al. (2001} at Pennsylvania State University College of M edicine have 
found another reason why middle-aged men may be losing sleep. It is not just 
because of what they worry about; rather, it is due to " increased vulnerability of 
sleep to stress hormones" . 

As men age, it appears they become mo re sensitive to the stimulating effects of cor
ticotropin-releasing hormones (CRH). When both young and middle-aged men were 
administered CRH, the older men remained awake longer and slept less deeply. 
(People who don 't get eno ugh of this "slow-wave" sleep may be more prone to 

depression.) 

The increased prevalence of insomnia in middle age may, in fact, be the result of 
deteriorating sleep mechanisms associated with inaeased sensitivity to arousal-pro
ducing stress hormones, such as CRH and cortisol. In another study, the researchers 
compared patients with insomnia to those without sleep disturbances. They found 
that " insomniacs with the highest degree of sleep disturbance secreted the high
est amount o f cortisol, particularly in the evening and night-time hours" , suggest
ing that chronic insomnia is a di sorder of sustained hyperarousal of the bod y's 
stress response system. Also, recent epidemiological studies have shown a connec
tion between disturbed sleep and later occurrence of stress-related disorders such 
as cardiovascular d iseases (Pa rish and Shepard, 1990; Nilsson et al., 2001; 
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Leineweber et al., 2003 ) and diabetes type II (Nilsson et a l. , 2002). The mecha
nism has not been identified bur both lipid and glucose metabolism s are impaired 
in rela tion to experimentally redm:ed sleep {Akerstedt and Nilsson, 2003). 
Burnout is a nother result of long-term stress and a growing health problem in 
many industrialized countries (Weber and Jaekel-Reinhard, 2000). In Sweden, 
burnout is tho ught to account for most of the doubling of lo ng-term sickness 
absence since the mid-1990s (RFV, 2003). T he characteristic clinical symptoms of 
the condition are excessive and persistent fatigue, emotional distress and cogni
tive dysfunction (Kushnir and Melamed, 1992; Melamed, Kushnir and Sharom, 
1992). Self-reports of disturbed sleep are pronounced in subjects scoring high on 
burnout (Melamed et al., 1999; Grossi et a l. , 2003). Since shortened and frag
mented sleep is rela ted to daytime sleepiness and impaired cognitive performa nce 
(Bonnet, 1985, 1986a, 19866; Dinges et al., 1997; Gi llberg and Akerstedt, 1998; 
A.kerstedt, 1990), disturbed sleep might provide an important link between the 
state of chronic stress and the complaints of fatigue and cognitive dysfunction 
seen in burnout. 

Partinen, Eskelinen and Tuomi (1984) investigated several occupational groups and 
found disturbed sleep to be most common among manual workers and much less so 
among physicians or managing directors. Geroldi et al. (1996) found in a retrospec
tive study of older individuals {above the age of 75) that form er white-collar work
ers reported better sleep than blue-collar workers. Kupperman et al. (1995) report
ed fewer sleep problems in subjects satisfied with work. 

In what seems to be the most detailed study so fa r, Ribet and Derriennic (1999) stud
ied more than 21 000 subjects in France, using a sleep disturbance index and logis
tic regression analysis. They found that shift work, a Ion~ working week, exposure 
to vibrations, and " having to hurry" appeared to be the main risk factors, control
ling for age and gender. Disturbed sleep was more frequent in women (Karacan et 
al., 1976; Bixler, Kales and Soldatos, 1979; Ancoli-lsrael and Roth, 1999) and in 
higher age groups. 

The particular stressor linked to disturbed sleep may be linked to pressure of work 
(Urponen et al., 1988; Ancoli-Israel and Roth, 1999; Ribet and Derriennic, 1999; Aker
stedt et al., 20026). The demands of work are a classical work stress factor and, when 
combined with low decision latitude, a relation has been shown to cardiovascular dis
eases (Theorell et al., 1998) and absenteeism {North et al., 1996). Interestingly, when 
"persistent thoughts about work" was added to the regression in the study by Akerstedt 
et al. {20026) this variable took over part of the role of work demands as a predictor. 
This suggests that it may not be work demands per se that are important, but rather their 
effect on unwinding after work. In two studies it has been demonstrated that even mod
erate worries about being woken during the night or having a negative feel ing about the 
next day will affect sleep negatively, mainly reducing SWS (Torsvall and Akerstedt, 1988; 
Keckhmd and A.kerstedt, 1997). On the other hand, there is very little data to connect 
real life stress with polysomnographical indicators of disturbed sleep. Most studies have 
used rather innocuous and artificial stressors in a laboratory environment. Field studies 
o f stress are virtua lly lacking, with some exceptions (Hall et al., 2000). 

A lack of socia l support at work is a ri sk indicator for disturbed sleep (Akerstedt 
et al., 2002b). Few previous data of this type have been found, but poor {general) 
social support has been associa ted with sleep complaints in Vietnam veterans 
(Fabsitz, Sholinsky and Goldberg, 1997) . On the other hand , there are several 
studies indica ting a d ose connection with poor social support for, for example, 

N IGHT NOISE GUIDELINES FOR EUROPE 

 
016028



111D SLEEP AND HEALTH 

cardiovascular diseases (Arnerz et al. , 1986) or muscle pain (Ahlberg-H ultcn, 
Theorell a nd Sigala, 1995). 

Interestingly, the metabolic changes seen after sleep curtailment in normal sleepers 
or in insomniacs and sleep apnoeics are similar to those seen in connection with 
stress. That is, lipid and glucose metabolisms are increased, as are cortisol levels 
(Spiegel, Leproult and van Cauter, 1999; Vgontzas et a l. , 2000, 2001 ). Together with 
the prospective links to stress-related diseases such as diabetes type II, to cardiovas
cular diseases as discussed above and with mortality (Kripke et al. , 1979, 2002; 
Akerstedt et a l. , 2002a; Dew et al., 2003), the findings could suggest that disturbed 
sleep may be an important mediator in the development of stress-related diseases. 

2.3.4 SHIFT WORK AS A RISK FACTOR FOR SLEEP 
DISTURBANCE AND HEALTH EFFECTS 

The dominating health problem reported by shift workers is disturbed sleep and 
wakefulness. At least three quarters o f the shift working population is affected 
(Akerstedt, 1988). When comparing individuals with a very negative attitude to shift 
work with those wirh a very positive one, the strongest discriminator seems to be the 
ability to obtain sufficient quality of sleep during the daytime (Axelsson et al., 2004). 
EEG studies o f rotating shift workers and simila r groups have shown that day sleep 
is 1-4 hours shorter than night sleep (Foret and Lantin, 1972; Foret and Benoit, 
1974; Matsumoto, 1978; Tilley, Wilkinson and Drud, 1981; Torsvall et al., 1989; 
Mirier et a l. , 1997). The shorter time is due to the fact that sleep is terminated after 
only 4-6 hours without the individual being able to return to sleep. The sleep loss is 
primarily taken out o f stage 2 sleep anrf .~tage REM sleep (dream sleep). Stages 3 and 
4 ("deep" sleep) do not seem to be affected. Furthermore, the time taken to fall 
asleep (sleep latency) is usually shorter. Night sleep before a morning shift is a lso 
reduced but the termination is through artificial means and the awakening usually 
difficult and unpleasant (Dahlgren, 1981a; Tilley et al., 1982; Akerstedt, Kecklund 
and Knutsson, 1991; Keckhmd, 1996). 

Interestingly, day sleep does not seem to improve much across a series of night shifts 
(Foret and Benoit, 1978; Dahlgren, 1981 h). It appears, however, that night workers 
sleep slightly better (longer) than rotating workers on the night shift (Kripke, Cook 
and Lewis, 1971; Bryden and H oldstock, 1973; Tepas ct al., 1981). The long-term 
effects of shift work on sleep are rather poorly understood. H owever, Dumont, 
M ontpla isir and Infante-Rivard (1988) found that the amount of sleep/wake and 
related disturbances in present day workers were posit ively related to their previous 
experience of night work. Guilleminault et al. (1982a) found an over-representation 
of former shift worhrs with different dinical sleep/wake disturban..:es appearing at 
a sleep clinic. Recently, we have shown that in pairs of twins with different night 
work exposure, the exposed twin reports somewhat deteriorated sleep quality and 
health after reti rement (lngre and Akcrstedt, 2004). 

The main reason for short daytime sleep is the influence exerted by the ci rcadian 
rhythm. The more sleep is postponed from the evening towards noon next day, the 
more truncated it becomes and when noon is reached the trend reverts (Foret and 
Lantin, 1972; Akerstedt and Gillberg, 1981). Thus, sleep during the morning hours 
is strongly interfered with, despite the sizeable sleep loss that, logically, should 
enhance the ability to maintain sleep {Czeisler et a l. , 1980). Also, homeostatic influ
ences control sleep. For example, the expected 4-5 hours of daytime sleep, after a 
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night spent awake, will be reduced to 2 hours if a normal night's sleep precedes it 
and to 3.5 hours if a 2-hour nap is a llowed (Akerstedt and Gillberg, 1986). Thus, 
rhe time of sleep termination depends on the balance between rhe circadian and 
homeostatic influences. The circadian homeosraric regulat ion of sleep has also been 
demonstrated in great derail in studies of fo rced or spontaneous d esynchronizarion 
under conditions of temporal isolation and ad lib sleeping hours (Czeisler er a l., 
1980; Dijk and Czeisler, 1995). 

2.3.4.1 Alertness, perfom1a11ce and safety 
Night-oriented shift workers complain as much of fatigue and sleepiness as they do 
about disturbed sleep {Akerstedt, 1988). The sleepiness is particularly severe on the 
night shift, hardly appea rs ar all on the afternoon shift and is inrermediare on the morn
ing shift. The maximum is reached towards the early morning (05.00-07.00). 
Frequently, incidents of falling asleep occur during the night shift (Prokop and Prokop, 
1955; Kogi and Ohra, 1975; Coleman and Dement, 1986). At least rwo thirds of the 
respondents report that they have experienced involuntary sleep during night work. 

Ambulatory EEG recordings verify that incidents of acrual sleep occur during night 
wo rk in, for example, process operators (Torsvall et al. , 1989). Other groups, such 
as train drivers or truck drivers show clear signs of incidents of falling asleep while 
driving ar night (Caille and Bassano, 1977; Torsvall and Akerstedt, 1987; Kccklund 
and Akerstedt, 1993). This occurs towards the second half of the night and appears 
as repeated bursts of alpha and theta EEG activity, together with closed eyes and 
slow und ulating eye movements. As a rule the bursts are short (1-15 seconds) but 
frequent, and seem to reflect lapses in the effort to fend off sleep. Approximately a 
q uarter of the subjects recorded show the EEG/EOG patterns of fighting with sleep. 
This is dearly a larger proportion than what is found in rhe subjcctivc reports of 
episodes of fa lling asleep. 

As may be expected, sleepiness on the night shift is reflected in performance. One of 
the classics in this area is the study by Bjerner, H olm and Swensson (1955) who 
showed that erro rs in meter readings over a period of 20 years in a gas works had a 
pronounced peak on the night shift. There was also a secondary peak during rhe 
afternoons. Similarly, Brown (1949) demonstrated that telephone operators connect
ed ca lls considerably slower at night. Hildebrandt, Rohmert and Rutenfranz (1974) 
found rhar train drivers fa iled to operate their alerting safety device more o ften at 
night than during the day. Most other studies of performance have used laboratory 
type tests and demonstrated, for example, reduced reaction time or poorer mental 
a rithmetic on rhe night shift (Tepas et a l., 1981; Tilley et al. , 1982). Flight simula
tion studies have furthermore shown that rhe ability ro "fly" a simulator (Klein, 
Bruner and H oltman, 1970), or to carry out a performance test {Dawson and Reid, 
1997) at night may decrease to a level corresponding to rhar after mo derate alcohol 
consumption (>0.05% blood alcohol) Inreresringly, Wilkinson et a l. (1989) demon
strated that reaction rime performance on rhe night sh ift (nurses) was better in per
manent than rotating shift workers. 

If sleepiness is severe enough, interaction with rhe environment will cease and if rhis 
coincides with a critical need for action an accident may ensue. Such potential per
formance lapses due ro night work sleepiness were seen in several of the train driv
ers discussed earlier (Torsvall and Akerstcdt, 1987). T he transport area is where 
mosr of rhe available accident data on night shift sleepiness has been obtained 
(Lauber and Kayten, 1988). Thus, H arris (1977) and Hamelin (1987) demonstrated 
rhat single vehicle accidents have by far the greatest probability of occurring at night. 
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So do fatigue-related accidents (Reyner and Horne, 1995) but also most other types 
of accidents, for example head-on collisions and rear-end collisions (Akerstedt, 
Kecklund and Hortc, 2001 ). Tht: Na tional Transporta tion Safety Board ranks 
fa tigue as one of the major causes of heavy vehicle accidents (NTSB, 1995). 

For conventional industrial operations very little relevant data is available but fata l 
work accidents show a higher risk in shift workers (Akerstedt et al., 2002a) and acci
dents in the automotive industry may exhibit night shift effects (Smith, Folkard and 
Poole, 1994). An interesting analysis has been put forward b)' the Association of 
Professional Sleep Societies' Committee on Catastrophes, Sleep and Public Policy 
(Mirier et al., 1988). T heir consensus report notes that the nuclear plant meltdown at 
Chernobyl occurred at 01.35 and was due to human error (apparently related to work 
scheduling) . Similarly, the Three Mile Island reactor accident occurred between 04.00 
and 06.00 and was due not only to the stuck valve that caused a loss of coolant water 
but, more importantly, to the fa ilure to recognize this event, leading to the near melt
down of the reactor. Similar incidents, although with the ultimate stage being prevent
ed, occurred in 1985 at the Davis Besse reactor in Ohio and at the Rancho Seco reac
tor in California. Finally, the committee also sta tes that the NASA Challenger space 
shuttle disaster stemmed from errors in judgement made in the early morning hours by 
people who had had insufficient sleep (through partial night work) for days prior to 
the launch. Still, there is very limited support for the notion that shift work outside the 
transport area actually carries a higher overall accident risk. 

As with sleep, the two main factors behind sleepiness and performance impairment 
are circadian and homeostatic factors. Their effects may be difficult to separate in 
field studies but are dearly discernible in laboratory sleep deprivation studies 
(Froberg et al., 1975) as well as in studies of forced desynchronization (Dijk, Duffy 
and Czeisler, 1992 ). Alertness fa lls rapidly after awakening but gradually levels out 
as wakefulness is extended. The circadian influence appears as a sine-shaped super
imposition upon this exponential fall in alertness. Space does not permit a discussion 
o f the derivation of these functions, but the reader is referred to Folkard and Aker
stedt (1991) in which the "three-process model of alertness regulation" is described. 
This model has been turned into computer software for predicting alertness and per
formance and to some extent accident risk. 

2.3.4.2 Health effects 
Gastrointestinal complaints are more common among night shift workers than 
among day workers. A review of a number of reports covering 34 04 7 persons with 
day or shift work found that ulcers occurrt:d in 0.3-0. 7% of day workers, in 5% of 
people with morning and afternoon shifts, in 2.515% of persons with rotating shift 
systems with night shifts, and in 10- 30% of ex-shift workers (Angersbach et al., 
1980). Several other studies have come to similar conclusions (Thiis-Evensen, 1958; 
Segawa et al., 1987; Harrington, 1994). Other gastrointestinal disorders, including 
gastritis, d uodenitis and dysfunction of the digestive system are more common in 
shift workers than in day workers (Koller, 1983). 

The pathophysiologic mechanism underlying gastrointestinal disease in shift work
ers is unclear, but one possible explanation is that intestinal enzymes and intestinal 
mobility are not synchronized with the sleep/wake pattern. Intestinal enzymes are 
secreted according to the circadian rhythm, and shift workers' intake of food is irreg
ular compared with intestinal function (Suda and Saito, 1979; Smith, Colligan and 
Tasto, 1982). A high nightly intake of food may be related to increased lipid levels 
(Lennernas, Akerstedt a nd Hambraeus, 1994) and eating at the circad ian low point 
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may be associated with altered metabolic responses (Hampton et al. , 1996). In addi
tion, reduced sleep affects lipid a nd glucose metabolism (Spiegel, Leproult and van 
Cauter, 1999). 

A number of studies have reported a higher incidence of cardiovascular disease, espe
cially coronary heart disease, in male shift workers than in men who work days (for 
review sec Kristensen, 1989; Boggild and Knutsson, 1999). A study of 504 paper 
mill workers followed for l S years found a dose-response rela tionship between 
years of shift work and incidence of coronary heart disease in the exposure interval 
1-20 years of shift work (Knutsson et a l. , 1986). A study of 79 000 female nurses in 
the United States gave similar results (Kawachi et al., 1995) as did a study with more 
than 1 million Danish men (Tiichsen, 1993) and a cohort of Finnish workers 
(Tcnkanen et a l. , 1997). As with gastrointestinal disease, a high prevalence of smok
ing among shift workers might contribute to the increased risk of coronary heart dis
ease, but smoking alone cannot explain the observed excess risk (Knursson, 19896). 
Another possibility is disturbances of metabolic parameters such as lipids and glu
cose for which there is some support as discussed above. 

Only a few studies have addressed the issue o f pregnancy outcome in shift workers. 
In one study of labo ratory employees, shift work during pregnancy was related to a 
significantly increased risk of miscarriage (RR: 3.2) (Axclsson, Lutz and Rylander, 
1984). Another study of hospita l employees also demonstrated an increased risk of 
miscarriage (RR: 1.44, 95% CI: 0 .83-2.51) (Axelsson and Rylander, 1989). Lower 
birth weight in infants of mothers who worked irregular hours has been reported 
(Axelsson and Rylander, 1989; Nurminen, 1989). No teratogenic risk associated 
with shift work was reported (Nurminen, 1989). 

The mortality of shift and day workers was resea rched by Taylor and Pocock ( 1972), 
who studied 8603 male manual workers in England and Wales between 1956 and 
1968. Day, shift, and ex-shift workt:rs were compared with national figures. The 
Standardized Mortality Ratio (SMR) can be calculated from observed and expected 
deaths reported in the paper. SMRs for deaths from all causes were 97, 101 and 119 
for day, shift, and ex-shift workers respectively. Although the figures might indicate 
an increasing trend, the differences were not statistically significant. However, the 
reported SMR d ose to 100 is remarkable because the reference population was the 
general male population. M ost mortality studies concerned with occupational 
cohorts reveal SM Rs lower than 100, implying a healthy workers' effect 
(Harrington, 1978). The same study showed a significantly increased incidence of 
neoplastic disease in shift workers (SMR 116). A Danish study o f 6000 shift work
ers fa iled to demonstrate any excess mortality in shift workers (Boggild et al., 1999). 
1 or much evidence exists on the connection between shift work and cancer. The 
mortality study by Taylor and Pocock (1972) reported an increased incidence of neo
plasms in shift workers compared with the general population. A recent Danish 
case- control study reported an increased risk of breast cancer among 30-45-year-old 
women who worked mainly nights (H ansen, 2001). Among 75 000 nurses those 
with more than 15 years of night work showed an increased risk of colorectal can
cer (Schernhammer et al., 2003). If the results are confirmed, a possible mechanism 
may be the low levels of the hormone melatonin, due to light exposure du ring the 
night with a subsequent suppression of melatonin. 

Very few studies arc avai lable but Koller, Kundi and Cervinka (1978) found a 
prevalence of endocrine and metabolic disease of 3.5% in sh ift workers and 1.5% 
in day wo rkers. Kawachi ct al. (1995) found in a prospective study of shift work-
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ers that the age-standardized prevalence was 5.6% at 15 years of shift work expe
rience compared with 3.5% for no exposure. Nagaya et al. (2002) found that 
markers of insulin resistance were more frequent in shift workas above the age 
of 50 than in day workers. Other indicators, such as body mass index, glucose 
levels and so forth, give a rather inconclusive impression as indicated in a review 
by Boggild and Knutsson ( 1999). 

Another conrributing factor to gastroinrestinal diseases might be the association 
between shift work and smoking. A number of studies have reported char smok
ing is more common among shift workers (Angersbach et al., 1980; Knutsson, 
Akerstedt and Jonsson, 1988). Studies concerned with alcohol consumption com
paring day workers and shift workers have produced conflicting results (Smith, 
Colligan and Tasto, 1982; Knutsson, 1989a; Romon, Nuttens and Fievet, 1992), 
probably due to local cultural habits. One study, which used g-glutamyltrans
ferase as a marker of alcohol intake, did not indicate that the shift workers had 
a higher intake of alcohol than the day workers (Knutsson, 1989a). 

Sickness absence is often used as a measure of occupational health risks. 
However, sickness leave is influenced by many irrelevant factors and cannot be 
considered as a reliable measure of true morbidity. Studies on sickness absence in 
day and shift workers have revealed conflicting results and there is no evidence 
that shift workers have more sickness absence than day workers (for review, see 
Harrington, 1978). 

2.3.4.3 Conclusio11 
Shift work or similar arrangements of work hours clearly affects sleep and alertness 
and tl1t:re is a moderate risk of cardiovascular and gastrointestinal disease. Ocher 
diseases such as cancer or diabetes may be related to shift work but the evidence is 
as yet rather weak. 
The present review suggests that the risk of disturbed sleep inueases with age but 
there also seems to be a recent stress-related increase in sleep disturbance in young 
adults. The long-term health consequences are not yet understood. 

The relation between gender and disturbed sleep is confusing. Females, as a rule, 
complain more of sleep problems, but do not exhibit any objective indications of 
more disturbed sleep, at least not among otherwise healthy women. With increas
ing age the sleep of males deteriorates whereas that of women is relatively well 
upheld. Pregnancy, however, is a period of increased risk of disturbed sleep, where
as the menstrual cycle and menopause show less evidence of sleep disturbance. 
Clearly there is a great need for longitudinal research on gender and sleep and, in 
particular, on the possible health consequences connected with pregnancy. 

Stress due to work or family seems to be one of the major causes of disturbed sleep. 
The link to the risk of insomnia is well-established, but reduced sleep in itself seems 
to yielJ the same physiological changes as stress. This suggests that several of the 
major civilization diseases in Europe and the United States (diabetes, cardiovascu
lar diseases and burnout) could be mediated via disturbed sleep. This link clearly 
warrants longitudinal studies with interventions. 

Shift workers constitute a group that suffers from disturbed sleep for most of their 
occupational life. The reason is the interference of work hours with the normal tim
ing of sleep. This leads to an increased risk of accidents, directly due to excessive 
sleepiness, hut also to cardiovascular and gastrointestinal diseases, although it is 

NIGHT NOISE GUIDELINES FOR EUROPE 

 
016033



SLEEP AND HEALTH IIII 

not dear whether the latter effects are sleep related or due to circadian factors - or 
to a combination. Recent studies a lso suggest that breast cancer may result from 
shift work due to the effects of light on melatonin se<.:retion. This still needs verifi
cation , however. Future research needs to identify countermeasures, the reasons for 
large ind ividual differences in tolerance and the possible carcinogenic and other 
effects. 

The conclusions above should be seen aga inst the profound effects of reduced or 
fragmented sleep on the neuroendocrine (including glucose and lipid regulation) 
and immune system s as well as the effects on mortality, diabetes and cardiovascu
la r disease. 

2.3.5 CONCLUSION 

Children, the elderly, pregnant women, people under st ress and shift workers are 
vulnerable to (noise) disturbance of their sleep. 

2.4 ACCIDENTS RELATED TO SLEEP QUALITY 
As already stated in the earlier se..:rion on cardiovascular complicat ions, children 
with disturbed sleep present cognitive dysfunction and behavioural disturbances, 
abnormal growth hormone release, increase of diastolic BP and an increased risk of 
accidents and use of sleeping pills. 

Regarding sleep disturbance a nd accidents in adu lts, data show that 15-45% of all 
patients suffer ing from sleep apnoea, 12-30% of all patients suffering from nar
colepsy and 2-8% of a ll patients suffering from insomnia have at least one accident 
{in a lifetime) related to sleepiness (statistics from the Stanford Sleep Disorders 
Clinic). 

As already discussed in section 2.3.4, the biggest industrial catastrophes, such as the 
Three Mile Island, Bhopal, Chernobyl and Exxon Valdez disasters, have occurred 
during the night shift. The shift schedules, fa tigue and sleepiness were cited as major 
contributing facto rs to each incident. 

The LARES study (Large Analysis and Review of European housing and health 
Status) is one of the few studies analysing this issue directly. The results show that 
the likelihood of home accidents is significantly greater when the individual is tired 
all the time or most the t ime and there is an association between sleep disturbance 
and accidents, with 22% of those reporting an accident a lso r eporting having their 
sleep disturbed during the previous four weeks. 

The data available to document the impact o f environmental noise on sleep depriva
tio n and accidents are largely inadequate. There is no estimation of relative risk. 
Further research is needed in order to identify the accident-related burden of diseases 
attributable to noise during the night-time. 
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2.5 ANIMAL STUDIES 
As pet owners know, cats sleep (most of the time it seems) and so do dogs. But do 
fish sleep ? And flies? Yes, most animals sleep, and thcy even show the same phe
nomena as in humans; from deep sleep, dream sleep to sleep disorde rs. There are 
also many differences a nd weird behavio ur, such as sleeping with only one half of 
the brain at a time (dolphins and ducks). 

As Ising points out (Appendix 3), in animal experiments it is poss ible to assess the 
complete causal chain from noise exposure via physiological reactions and biolog
ical risk factors to morbidity or even mortal ity. However, a quantitative applica
tion of the results to humans is not possible. Instead, the method is useful in study
ing the pathomcchanisms qualitatively. Rechtschaffen and Bergmann (1965) stud
ied sleep deprivation in rats, showing that total sleep deprivation leads to mortal
ity in 16 to 20 days. As the animals in the last stage died from microbial infection, 
Everson and Toth (2000) proceeded to show early infection of the lymph nodes 
and other tissues and hypothesized that daily sleep of some amount is necessary to 
maintain an intact immune system that will prevent bacterial invasion , a view that 
has been challengt:d . 

Surprisingly, sleep in the commo n fruit fly - Drosophila mela11vgaster - has many 
similarities with mammalian sleep, including sleep deprivation leading to impaired 
performance. Genetic studies in fruit fl ies (Cirelli et al., 2005) led to mutant flies 
that can get by on 30% less sleep than thei r normal counterparts, thanks to a sin
gle mutatio n in one gene. While they sleep 30% less they sh ow no immediate ill 
effects. The lifespan of the flies is, however, reduced by 30%. 

These animal models certainly lead o ne to believe that sleep is a biological neces
sity, and tampering with it is dangerous for survival. 

As Ising shows (Appendix 3) noise may play a role in this. Under stressful circum
stances the death rate o f rats is increased when noise levels are increased from 
"ambient" to Lcq=69 dB(A). Are noise and sleep deprivation stressors that bo th 
lead to early death? Is the noise effect d ue to sleep deprivation? A carefully 
planned study may sort this out. T he question still remains, h owever, as to how far 
this is relevant to humans. 

2.6 CONCLUSIONS 
From the evidence presented so far it can be deduced that sleep is important for 
human functioning. Why exactly is less evident, but it is clear that disturbed sleep 
(either from internal factors or from external factors) leads to or is at least associat
ed with fatigue, lower cognitive performance, deprcssion, viral illness, accidents, dia 
betes, obesity and cardiovascular diseases. Animal experiments show that sleep dep
rivation shortens lifespan. The fact that - in comparison- relatively mild effects turn 
up in human sleep deprivation experiments could be due to the short period (about 
10 days in controlled experiments) and the limitation to young and healthy adults. 
The central position of sleep in human functioning is summarized in Fig. 2.1. In this 
figure relatio ns with sufficient evidence are indicated wi th solid lines, while relations 
for which limited evidence exists are indicated with interrupted lines. Feedback con
nections are in red and double-dotted. 
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The presence of feedback loops in the system is an indication that it may be difficult 
to prove direct cause-effect relations. One example is the rela tion between sleep 
quality and depression. They are strongly associated, bur it is uncertain if depression 
causes bad sleep, or bad sleep causes depression (see also Chapter 4, section 4.8.11). 
This may also depend on one of the many other factors, so it could be different for 
different personality types. 
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Impaired s leep is widely considered as a health problem per se, and this chapter has 
shown that there are many internal and external causes. In the next chapter the rela
tion between noise and sleep quality is further unravelled . 
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CHAPTER 3 

EFFECTS OF NIGHT-TIME 
NOISE ON SLEEP 

Best travel tip: Never ever forget to pack ear plugs. 
(Virginia Jealous, Lonely Planet author) 

3.1 SHORT-TERM EFFECTS OF TRANSPORTATION 
NOISE ON SLEEP WITH SPECIFIC ATTENTION 
TO MECHANISMS AND POSSIBLE HEALTH 
IMPACT 

3.1.1 INTRODUCTION 

In this section reactions to single events are presented. In Chapter 2 normal sleep and 
sleep disorders are described in medical terms, but here the focus is on the mecha
nisms underlying the relation between noise and sleep q uality. How does a sound 
penetrate the brain and cause a disruption of sleep ? 

3.1.2 HOW NOISE INFLUENCES NORMAL SLEEP 

Noise ..:an indw.:e changes in the EEG or in autonomi..: variables that are called 
arousals or phasi..: a..:tivations. Similar brief episodes of activity a lso occur without 
noise in normal sleep, and, more frequently, in sleep that is otherwise disturbed, for 
example by apnoea. Arousal during sleep is not a uniform ..:oncept and has been 
defined differently by different researchers. Commonly, the occurrence o f alpha 
rhythms is required for EEG arousal. Depending on the additiona l requirements and 
on the length of time that the slower conical rhythms are interrupted, arousals have 
been called, for instance, micro-arousal, mino r arousal, EEG awakening or transient 
activation phases. EEG awakening requires an interruption o f th e sleep patterns of 
a t least 15 seconds (half the period) when sleep staging is scored by periods o f 30 
seconds, but need not be experienced consciously. Because normal REM sleep is a 
state characterized by cerebral arousal with frequently occurring a lpha rhythms, 
additional criteria a re needed to define arousal from REM. The criteria used are 
increased hearr rate, EMG, or irregular respiration. H owever, since the mechanisms 
of such autonomic responses appear to be at least partly different from the causal 
mechanisms of EEG arousal, su..:h definit ions seem to make arousal from sleep a het
erogeneous concept that may not have simple relationships w ith noise exposure. 

EEG arousals lasting at least 30 seconds have been found to occur as often as 4 times 
(95% CI: 1- 15) per hour during sleep o n average, while micro-arousals occurred 21 
times (95% Cl: 7- 56) per hour (Mathur and Douglas, 1995). Since these figures are 
from a labora tory study, they almost certainly are higher than the figures that hold 
for the natural situa tion at home. Sleep pressure decreases the density of micro
arousals (Sforza, Jouny and Ibanez, 2000). While the number of EEG arousals (dur-
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ing sleep stages 1 and 2) increases with age {Mathur and Douglas, 1995; Boselli et 
al., 1998) possibly only for men {Hume, Van and Watson, 2003), their average length 
is stable and circa 15 seconds (Boselli et al., 1998). Also the thresho ld for auditory 
arousal decreases with age (Zepelin, McDonald and Zammit, 1984; Busby and Pivik, 
1985; Busby, Mercier and Pivik, 1994) and towards the end of the night (Basner et 
al., 2004). Recovery afrer EEG awakenings takes longer for noise-induced awaken
ings than for spontaneous awakenings {Basner et al., 2004). The time required for 
fa lling asleep again depends on the sound level and especially for loud events this 
latency is considerably longer than afrer spontaneous awakenings. Thus, in general, 
noise-induced EEG awakenings are more disruptive than spontaneous awakenings 
and therefore will more often be experienced conscious!)' and remembered after
wards. In common situations with aircraft overflight noise at home, (minor) arousals 
were found in 10.3 % of the 64-second intervals without aircraft noise and this per
centage was found to be increased by circa 4% up to 14.3% in intervals with an air
craft noise event (Hume, Van and Watson, 2003). Thus, in that parrirnlar {exposure) 
situation, about 1 in 24 aircraft overflights caused a {minor) arousal. 

3.1.3 MECHANISMS 

Activity in the auditory system up to the brainstem nucleus inferior colliculus occurs 
within 10 milliseconds after the onset of a sound. This early activity appears to be 
obligatory and is hard!)' affected by the state {sleeping or awake}. Being asleep or 
awake does influence la ter activity. The auditory pathwa)'S proceed from the inferi
or colliwlus to the thalamus and from there to the auditory cortex. The state (asleep 
or awake) affects the activity in the thalamocortica l circuits, which occurs after 
10-80 milliseconds. In parrirnlar, during SWS the transmissio n of auditory informa
tio n through t he thalamus is suppressed. This is not the case during REM sleep or 
when awake. 

Thus, while in all {sleep) stages, sound activates the auditory S)'Stem up to the infe
rior co lliculus, the sound-induced activation of higher areas is suppressed in SWS. 
Therefore, further activation depending on those higher areas {for example, extract
ing meaning) is not likely to ocrnr as a primary reaction to sound during SWS. For 
understanding arousal during SWS, it is important that the inferior colliculus a nd the 
earlier auditory nucleus of the lateral lemniscus, and also the (dorsal and ventral} 
cochlear nuclei project to retirnlar arousal system. Presumably, sound is always 
capable of arousing the sleeping subject through these connections. The ascending 
arousal system is heterogeneous and encompasses mono-aminergic, glutamatergic, 
and cholinergic nuclei that can directly or indirectly activate the thalamus and cor
tex. An important indirect route is the activation of the basa l forebrain, which can 
activate tht: cerebral cortex through widespread, mainly cholinergic projections. The 
activation of the tha lamus and cortex is indicated by an increase in EEG rhythm fre
quency and a reduction of the inhibitio n in the thalamic sensory relay nuclei. As a 
consequence of the latter effect, subsequent sound-induced activation may pass the 
thalamus and may be subject to more elaborate processing than initial sound. It can 
be speculated that sound in this way also reduces the threshold for somatosensory 
information that initia tes body movements so that more body movements are 
observed when exposed to sound. The occurrence of habituation of cortical respons
es suggests an active ro le played by a part of the b rain that b locks or at least limits 
the impact of the activated ascending pathways. 
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The parasympathetic autonomic nervous system seems to be responsible for the 
bradycardia observed in non-REM sleep and mainly in tonk REM sleep through the 
increase in vagal activity (Guazzi ct a l., 1968). The variability of heart ra te in REM 
sleep could be placed under the same control, as vagotomy strongly reduced the 
heart rate instability (Baust and Bohnert, 1969). During falling as leep , respiration is 
unstable and alternates between hypo- and hyperventilation episodes. Th is respira
tion, called "periodic respiration" (Mosso, 1886), disappears when stable sleep 
occurs (stage 2). The main hypotheses concerning this periodic ventilation refer to 
metabolic control and chemoreceptor responses to levels of PaC02 and Pa0 2 
(Chapman ct al., 1988 ). In stable non-REM sleep, respiration is regular in amplitude 
and frequency, a lthough ventilation per minute is lower than during awakening. In 
REM sleep, respiration appears irregular with sudden variations in amplitude and 
frequency. This irregularity appears to be not modifiable by metabolic factors and, 
therefore, it is possibly linked to mechanisms leading to REM expression. The non
habituation of the cardiovascular responses would be explained by the absence of an 
inhibitory influence on the part of the a rousal system that affects the centres regu
lating the autonomous response. 

3.1.4 EEG RESPONSE 

The sleep polygraph continuously r ecords EEG activity, eye movement (EOG) and 
muscle tone (EMG). These data a re used to classify sleep into various stages, and to 
assess times of fa lling asleep and waking up. Also, sleep variables such as total sleep 
time and total time spent in SWS (consisting of sleep stages 3 and 4 , the stages of 
deep sleep) ·and in the REM stage (a lso called dream or paradoxical sleep) can be 
assessed on rhe basis of sleep polygraph recordings. Polygraphic indicators of 
responses to individual noise events a re changes from a deeper to a less deep sleep 
and EEG awakening. Several field studies (Pcarsons, Bennett and Fidell, 1973; 
Verner, 1979; Valier er a l., 1983; Hume, Van and Warson, 2003; Basner et al. , 2004) 
have been conducted regarding noise-induced changes in sleep stage and awakening 
using EEG recordings. Transition from a deep stage of sleep to a shallower sleep 
stage can be the direct consequence o f a nocturnal noise event. Although not per
ceived by the sleeper, these transitions m odify the sleep architecture and m ay reduce 
the amount of SWS (Carter, 1996; Basner et al., 2004) and the amount and rhyth
micity of REM sleep may be markedly affected (Naitoh, Muzet and Lienhard, 1975; 
Thiessen, 1988) . In add itio n to their results from a laborato ry study, Basner et al. 
(2004) present results from a field study with valid data for 63 subjects (aged 18- 65 
years} with 15 556 aircraft noise events included in the final analyses. They estab
li shed a curve that gives the probability of awakening as a function of LAmax with a 
model that assumed a background noise level just prior to the aircraft no ise event of 
27 dB(A). The LAmax threshold for noise-induced awakenings was found to be about 
35 dB(A). Above this threshold the probability of noise-induced awakenings increas
es monotonically up to circa 10% when LAmax = 73 dB(A). T his is the extra proba
bility of awakening associated with the aircraft no ise event, on top of the probabil
ity of awakening spontaneously in a 90 second interva l. 

Some arousals provoked by noise events are so intense that they induce awakening. 
Frequent awakening leads to sleep fragmentation and overall sleep disturbance. The 
noise thresho ld for awakening is particularly high in deep SWS (stages 3 and 4) whi le 
it is much lower in shallower sleep stages (stages 1 and 2). In REM sleep the awak
ening threshold is variable and depends on the significance of the stimulus. Total 
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sleep time can be reduced by both a longer time to fall asleep and premature final 
awakening. It has been reported that intermittent noises with maximum noise levels 
of 45 dB(A) and above can increase the time taken t~ fall asleep by a few to 20 min
utes (◊hrstrom, 1993). In the morning hours, the sleeper can be more easily awak
ened by ambient noise and has more difficulty going back to sleep because sleep 
pressure is progressively reduced with time (Rechrschaffen, Hauri and Zeitlin, 1966; 
Keefe, Johnson and Hunter, 1971). 

Terzano er al. ( 1990, 199 3) showed that with increasing intensity of sound pressure 
level (white noise at 45, 55, 65 and 75 dB(A), white noise induced a remarkable 
enhancement of cyclic alternating patterns (CAP)/non-REM, characterized by a lin
ear trend from rhe lowest to the highest intensities, revealed by a significant increase 
in the CAP rate a lready at 45 dB(A). Noise decreased mainly SWS, REM and total 
sleep time, and increased waking after sleep onset, stage 1 non-REM and CAP rate 
(Terzano et al. , 1993). For CAP/non-REM values between 45% and 60% , subJects 
generally recalled a moderate nocturnal discomfort and values of CAP/non-REM 
over 60% corresponded to a severe complaint. 

This result corroborates previous findings described by Lukas (1972a) who report
ed that reactions less intense than a sleep stage change correlate better co the noise 
intensity than awakening reactions. 

3.1.5 CARDIOVASCULAR RESPONSE 

For sleeping persons, mean heart rate, mean systolic and diastolic BP and variability in 
heart rate are usually assessed. Indicators of responses to individual noise events are 
instantaneous changes in (variability of) heart rate and changes in systolic BP. Several 
field studies (Carter et al. , 1994) have been conducted regarding momentary change in 
hearr rate. Intermittent noise during sleep has been found to induce a biphasic cardiac 
response and a transient constriction of peripheral vessels together with a short phasic 
activation in the EEG, while no other behavioural effect can be seen (Muzet and 
Ehrhart, 1978). This biphasic cardiac response starts with an increase in heart rate, 
probably due to a phasic inhibition of the parasympathetic cardio-inhibitory centre, fol
lowed by a compensatory decrease due to a phasic decrease in orthosympathecic activ
ity (Keefe, Johnson and Hunter, 1971; Muzet and Ehrhart, 1980). The vasoconstricrive 
response was reported to be due to the sympathetic peripheral stimulation provoked by 
the auditory reflex (Kryter and Poza, 1980). More recent!)', Carter et al. (2002) have 
shown that bear-by-bear BP changes can be induced by suddenly occurring noises. 
Although habituation in some effect parameters can occur in a few days or weeks, this 
habituation is not complete and the measured modifications of the card iovascular func
tions remain unchanged over long periods of exposure time (Muzet and Ehrhart, 1980; 
Valier er al., 1983 ). Most striking is that none of the cardiovascular responses show 
habituation to noise after a prolonged exposure, while subjective habituation occurs 
within a few days. In people that are used to sleep in a noisy surrounding, noise-induced 
changes in heart rate are dependent on the maximum sound level of a noise event, but 
not on the EEG sleep stage). 

3.1.6 BODY MOVEMENT 

Motility is the term used for accelerations of the body or body parts during move
ment. le is measured with accimeters, usually worn on the wrist in fie ld research and 
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the laboratory. Brink, M iiller and Schierz (2006) describe a more sophisticated 
method which is based on the bed being placed on accelerometers. This allows the 
tracking of whole body movements. 

Motility is related to many variables of sleep and health (Reyner, 1995; Reyner et al., 
1995; Passchier-Vermeer er al., 2002). Clinical research shows that the sleep/wake 
cycle (assessed by polysomnography, EEG, EOG, EMG) passes through the 24-hour 
period synchronously with the rest/activity cycle (assessed by actimetry) (Borbely et 
al., 1981). A number of investigations have compared the results of polysomno
graphic recordings (number of EEG-awakenings during sleep period, duration of 
sleep period, sleep onset time, wake-up time) with results of actimetry. The correla
tion between actimetrically assessed duration of sleep period, sleep onset time, wake
up time and similar variables assessed with polysomnography was found to be very 
high (correlation coefficients between individual test results in the order of 0.8- 0.9). 
Measures of instantaneous motility are the probability of motility and the probabil
ity of o nset of motility in a fixed time interval, for example a 15-, 30- or 60-second 
interval. Increased instantaneous motility during sleep is considered to be a sensitive 
behavioural marker of arousal, bur the relation with arousal is not simple. Also 
other factors, such as the need to relieve the pressure on body parts for better blood 
circulation, cause motility, and spontaneously occurring arousals are part of the nor
mal sleep process. T he noise-induced probability of (onset of) motility is the differ
ence between the probability of (onset of) motility during noise events minus the 
probability in the absence of noise. 

Onset of motility and minor arousal found on the basis of EEG recordings are high
ly correlated. In the United Kingdom sleep disturbance study, Ollcrhcad ct al. (1992) 
found for their study population that during sleep there is on average an EEG 
(minor) arousal in 40% of the 30-second intervals with onset of motility. 
Unfortunately, it is unknown whether this 40% is also valid for noise-induced awak
enings. In 12 % of the 30-second intervals with an EEG (minor) arousal, motility 
does not occur. Several field studies (Horne et al. , 1994; Fidell et a l., 1998, 2000; 
Flindell, Bullmore and Robertson, 2000; Griefahn et al., 2000; Passchier-Vermeer et 
al., 2002, 2004) have been conducted regarding noise-induced instantaneous motil
ity. For this effect, relationships have been established with SEL or LAmax, for a ir
craft noise only. In Passchier-Vermeer et al. (2002) relationships between noise
induced increase in motility or noise-induced increase in onset of motility in the 15-
second interval with the maximum noise level of an overflight, and LAmax or SEL 
have been approximated by quadratic functions (see, for instance, Fig. 3.2). It may 
be noted that the threshold of motility (LJ\max = 32 dB(A)) is in the same range as 
the threshold found by Basner et al. (2004) for EEG awakenings, with a definition 
that also encompassed transitions to steep stage 1 (LAmax = 35 dB(A)). The proba
bility of motility at 70 dB(A) of about 0.07 is lower than the probability of noise
induced EEG awakening at LAmax = 73 dB(A) of about 0.10. There is no a priori 
reason to expect the above threshold probabilities to be th e same for these two 
measures of sleep disturbance, but, taking into ac..:ount that motiliry is assessed for 
shorter intervals (15 seconds vs. 90 seconds), the differences in probabilities above 
threshold appear to be limited. 

O ne of the variables influencing the relationships between noise-induced instanta
neous motility and LAmax or SEL, is long-term aircraft noise exposure during sleep. 
The probability of instantaneous aircraft noise-induced motility is lower when the 
long-term exposure is higher. This may be partly due to the higher base rate motili
t)' in quiet intervals in higher long-term exposure, which is used as a reference for 
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the instantaneous noise-induced moti lity. Other factors influencing the relationships 
between instantaneous motil ity and LAmax or SEL are the point of time in the night, 
and time since sleep onset. For example, after 7 hours of sleep, n oise-induced motil
ity is about 1.3 larger than in the first hour of sleep. Age has only a slight effect on 
no ise-indm:ed motility, with younger and o lder people showing a lower motility 
response than persons in the age range of 40-50 years. 

3.1.7 BEHAVIOURAL AWAKENING IN ADULTS 

Passchier-Vermeer (2003a) published a review of nine studies on awakening by 
noise. It was found that these studies had different definitions of what constituted an 
"awakening". In this review, however, all awakening data were collected on "behav
ioural awakening": these are awakenings that were followed by an action (like press
ing a button) from the sleeper. The number of awakenings defined in this manner is 
much smaller than the number of sleep stage changes which lead to EEG patterns 
simila r to wakefulness. 

Data were available for rail traffic noise, ambient (probably road) noise, civil avia
tion noise and military aviation noise. 

The rail traffic noise study is very small (only 20 subject nights), but showed no 
awakenings. T he study states that " there is some evidence, be it very limited, that 
ra ilway noise events, in the range of SELindoor considered (up to 80 dB(A)), do not 
increase [the] probability of awakening". 

Ambient noise also showed no effect on the probability of awakening, but as it is 
uncertain exactly what noise is meant, no firm conclusions could be d rawn. 

Military aircraft noise showed a very strong effect, but this study is of limited appli
cability since the few subjects (military) lived near the end of the runway. 

For civil aviation noise there were sufficient data to derive a dose-effect relation: 

Percentage of noise-induced awakenings = 
-0.564 + l.909•10·4 • (SEL;115;de)2 [4], 

where SELinside is the sound exposure level of an aircraft noise event in the bedroom. 

This relation is confined to commercial aircraft noise over the intervals 54<SEL<90 
(37<LAmax <82) and the number of events per night 1< N< 10. 

With this relation, it is possible to calculate for an individual Lnighr the expected 
number of noise-induced behavioural awakenings. This requires a ll single contribu
tions over the year to this Lnighr to be known. Alternatively (if, for instance, a future 
situation has to be estimated for which no exact data are available) a worst case sce
nario can be calculated. Fig. 3.1 represents the res ults of this worst case approach 
(converted to Lnighr> see Chapter 1, section 1.3.4), and so gives the maximum m11n
ber of awakenings 111113 " that may be expected. 

(5). 
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lt can be d emonstrated that the number of awakenings readies a maximum when the 
SEL;nside va lue is 58.8 dB(A). 

It should be noted that, on average, 600 spontaneous awakenings per person are 
reported per year. This a lso expla ins why so many more awakenings a re reported 
than can be attributed directly to aircraft noise. At 55 Lnight> nearly 100 overflights 
per night w ith SELinside = 58.8, or 1 every 5 minutes are possible. It is, therefore, very 
likely tha t an overflight coincides with a spontaneous awakening. 

3.1.8 DOSE- EFFECT RELATIONS FOR BODY MOVEMENTS 
DURING SLEEP 

In Passchier-Vermeer et a l. (2002) motility is registered in 15-second intervals. A dis
tinction is made between two variables: 

• the presence of motility in the interval (indicated by m) and 
• the onset of motility, meaning the presence of motility when there was no motili

ty in the preceding interval (indicated by k ). 

Rela tions between a noise-induced increase in motility (m ) or a no ise-induced 
increase in the onset o f motility (k} in the 15-second interval w ith the maximum 
sound level of an overflight, and LAmax inside or SELinside have been approximated by 
quadratic functions with the following' format: 

m = b*(LAmax,inside - a} + c*(LAmax,inside - a}2 [6]. 

The coefficients a, b and c are given in Table 3.1. The value of a is the value below 
which m or k is zero. Fig. 3.2 shows the relationship between m and LAmax,inside 
together with the 95% confidence interval. Relations apply t o LAmax,insiJe and 
SELinside values of at most 70 and 80 dB(A}, respectively. 
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Table 3.1. 
Coefficients of the quadratic equation (formula (6)) of m and k as a function 

of LAmax,inslde or SEL1nslde for the 15-second interval in which an indoor maximum 
sound leve l of an aircraft noise event occurs. The equations are applicable 

in the LAmax,lnsld• range from a up to 70 dB(A), or SEL;nside range from a up 
to 80 dB(A). Below a, m and k are zero. 

range 

a 
b 
C 

range 
a 
b 
C 

Fig. 3.2 
Probability of (air· 

craft) noise-Induced 
motility (m) at the 15· >

second interval in ~ 
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interval, as a function 

of LAmax,inslde bedroom 
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The study report also gives the upper boundaries for motility, based on the relation
ship between LAmax• SEL and Lnighr (Fig. 3.3). This figure is m athematica lly derived 
from relation [6] as J esaibed in Appendix 2. 

This area of study is sti ll under development. M iedema, Passchier-Vermeer and Vos 
(2003) give a detailed account in their study report of the relation betw een the study 
used for the data presented here {Passchier-Vermeer et al. , 2002), earlier studies like 
the much quoted Civil Aviation Authority study {Olle rhead et al., 1992; O llerhead, 
1994) and earlier work done in the United States. 
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3.1.9 INDIVIDUAL SENSITIVITY 
Sensitivity to noise may va ry greatly from one individual to another. Primary self-eval
uation of sensitivity to noise has been used as a factor to evaluate highly sensitive and 
non-sensitive groups and to compare their rea..:rions to noise exposure during daytime 
and night-time (Di Nisi et a l. , 1990). In this study, self-declared highly sensitive individ
uals had a higher cardiovascular response rate to noise than non-sensitive people dur
ing their waking exposure, while there was no difference in sensitivity to noise between 
these two groups during their night-time exposure while they were asleep. 

The physio logical sensitivity to noise depends a lso on the age of the sleeper. Thus, while 
EEG modifications and awakening thresholds are, on average, 10 dR(A) higher in chil
dren than in adults, their cardiovascula r sensitivity to noise is similar, if not higher, than 
the older group (Muzet and Ehrhart, 1980; see also Appendix 4 ). Elderly people com
plain much more than younger adults about environmental noise. However, their spon
taneous awakenings occurring during night sleep are also much more numerous. 
Therefore, it is difficult to conclude if elderly people arc more sensitive to noise or if they 
hear noise because they are often awake during the night. This natural fragmentation of 
their night sleep tends also to lengthen their return to the sleeping state and this accounts 
fo r a significant pa rt of their subjective complaints. 

Differences in sensitivity to noise have been found between the sexes. Thus, young men 
seem to complain more about noise-disturbed sleep than young females (Muzet et al., 
1973). However, this difference seems to reverse for populations over 30 years of age 
and then females (often mothers) appear to be more sensitive to noise than males 
(Lukas, 19726). 

3.1.10 USE OF INSTANTANEOUS EFFECTS IN PREDICTIONS 
OVER A LONGER TIME PERIOD 

It is tempting to use the relations between single exposures and measured effects in long
term predictions. Although this is perhaps possible, a word of cautio n is appropriate. 

In general, the react ions a re calculated by looking at a certa in time frame around an 
exposure, usually in the order of a few minutes. The second limita tion is that order 
and follow-up effects are neglected. Time and o rder effects of identica l events on 
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motility have been described by Brink, Wirth and Schierz (2006). Only if the situa
tion that is modelled resembles the one that was used in the single exposure analy
sis, are no major deviations ro be expected. Reactions to noise events are generally 
not independent from each other. Each event may a lter a subject 's tendency to awake 
a t the next event, even if no awakening reaction is detected for that particular event. 
If, for example, each event would additionally increase the probability of awakening 
at the next event, the total probability of awakening per night would be greater than 
predicted by mere summation of the single event probabilities. Most likely, this 
underestimatio n of probability will occur when events in the rea l situation follow in 
close succession, whereas events in the single exposure analysis did not. Such limita
tions can to some degree be overcome through applying advanced statistical meth
ods such as those put forward by Basner (2006). A third limitation is that an over
all increase in the base line could go undetected. 

If the situation that is calculated resembles the one that was used in the single expo
sure analysis, probably no major deviations are ro be expected. Care should be taken 
to extrapo late outside the boundaries given in the number of events or LAmax· 
Calculations for Amsterdam Schiphol Airport show a good agreement between the 
number of calculated awakenings per year (based on the actual SEL data) and the 
self-reported number of awakenings. This number is a factor 2 lower than the worst 
case scenario presented in section 3.1. 7 above. 

3.2 CHRONIC EFFECTS: CHRONIC INCREASE OF 
MOTILITY 

Mean motility - a ll body movements counted together - during sleep is strongly 
related to age and is also a function of noise exposure during the sleep period. The 
relationships between mean motility and Lnighr,inside are shown in Fig. 3.4. Mean 
motility during sleep is lowest at the age of 45 years, and greater at higher and lower 
ages. The relation between mean motility, Lnighr,inside and age is: 

Mean motility = 

0.0587 + 0.000192 *Lnighr,inside - 0.00133 *age + 0.0000148 *age2 [7]. 

The relation between the increase in mean noise-induced motility, mnight> and 

Lnighr,inside is: 

mnight = 0.000192 *Lnight,inside [8], 

assuming, as described in Chapter 1, section 1.3.4, that Lnight,inside = Lnigh1-21: 

mnight = 0.000192 '" Lnigh1-0.004032 [Sa]. 

Source: Mied11ma, Passchier-V,•rmea and Vos, 2003. 
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Fig. 3 .4 
Increase In mean motility (body movements dur· 
Ing sleep). Converted from inside relation with [3] 

The increase in mnighr is 22% over the baseline motility (0.03 on average) if inJoor 
Lnighr,insidc increases from O (absence of aircraft noise) to 35 dB(A) (living close to a run
way). This increase is independent of age, a lthough the absolute level varies. 

Other chronic effects like the use of sleeping pills, changes in BP and changes in lev
els of stress hormones are discussed in the next chapter. 

3.3 CONCLUSIONS 
During sleep the auditory system remains fully functional. Incoming sounds an: 
processed and evaluated and although physiological changes continue to rake place, 
sleep itself is protected because awakening is a relatively rare o ccurrence. Adaptation 
to a new noise or to a new sleeping environment (for instance in a sleep labora to ry) 
is rapid, demonstrating this active protection. The physiological reactions do not 
adapt, as is shown by the heart ra te reaction and the increase o f average motility 
with sounJ level. T he autonomous physiological reactions are a normal reaction ro 
these st imuli, but the question is whether prolonged " abuse" of this system leads to 
adverse consequences for the organism. The next chapter tries to answer that. 
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CHAPTER 4 

EFFECTS OF NIGHT-TIME NOISE ON 
HEALTH AND WELL-BEING 

The sick die here because they can't sleep, 

for when does sleep come in rented rooms? 
It costs a lot merely to sleep in this city! 

That's why everyo11e's sick: carts clatteri11g 
Through the winding streets, curses hurled 

At some herd standing still in the middle of the road, 
Could rob Claudius or a seal of their sleep! 

(Juvenal, 1st century AD) 

4.1 INTRODUCTION 

In Chapters 2 and 3, suffic ient evidence was presented to support the hypothesis for 
the simplified model presented in Chapter 1: sleep disturbance is connected to health 
impairment, and noise is an important factor that causes sleep disturbance. The full 
model (Fig. 2.1, Chapter 2) showed why it is difficult to find evidence for a direct 
relation between noise exposure at night and health outcomes. Noise is but one of 
the internal and external factors that cause sleep disturbance and feedback loops 
obscure the view of the cause and effect chain. In this chapter the evidence for the 
direct rela tion is presented. 

4.2 SELF-REPORTED (CHRONIC) SLEEP 
DISTURBANCES 

Self-reported sleep disturbance is investigated by means of a questionnaire containing 
questions regarding sleep disturbance. Often, sleep disturbance is not the main focus 
of the questionnaires used in studies of self-reported noise effects. This means that 
considerable effort is needed to harmonize the different response categories. The rela
tionships for self-reported sleep disturbance are based on analyses of the 15 data sets 
with more than 12 000 individual o bservations of exposure-response combinations, 
from 12 field studies (Miedema, 2003; Miedema, Passchier-Vermeer and Vos, 2003). 

The curves are based on data in the Lnight (outside, most exposed facade) range 
45-65 dB(A). The polyno mial functions are d ose approximations of the curves in 
this range and their extrapolatio ns to lower exposure (40-45 dB(A)) and higher 
exposure (65- 70 dB{A)). The formulae of these polynomial approximations are as 
follows {SD = sleep disturbance; H = high; L = low): 

for road traffic: 

¾ HSD = 20.8 - 1.05"Lnight + 0.01486'-·(L0 ight)2 

¾SD= 13.8 - 0 .85 ''Lnight + 0.01670*{L11ighr)2 

% LSD= -8 .4 + 0.16"Lnight + 0.01081 *(Lnigh1) 2 

(9) 

(10) 

(11] 
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for aircraft: 

%HSD = 18.147- 0.956''Lnight + 0.01482 *(L
11
ight)2 

%SD= 13.714- 0.80TL11ight + 0.01555*(L11ight)2 

%LSD = 4.465 - 0.411 * Lnight + 0.01395* (L11ight)2 

anJ for railways: 

%HSD = 11.3 - 0.55'Lnight + 0.00759*(L11ight)2 

%SD= 12.5 - 0.66*L11ight + 0.01121 ''(L11ight)2 

%LSD= 4.7 - 0.31 '' Lnight + 0.01125*(L11ight)2 

(12] 

(13) 

[14] 

(15] 

(1 6] 

(17). 

The above relations represent the current best estimates of the influences of Lnight on 
sdf-reported sleep disturbance for road traffic noise and for railway noise, when no 
other factors are taken into account. Fig. 4.1 illustrates the relations [9] (12) and 
[15 ] for persons highly disturbed by road, aircraft and rail noise. 

25--.------ - - - ------,------- ----

Fig. 4 .1 °al 20-
..c High s leep disturbance by 2 noise at night u, 15_ 
'6 
>, 

:c 
Soura: f 10-

European Commission, 2004. '$._ 

-- Air traffic 

Road traffic 

Rail traffic 

■ .- ... ... 

.... ..... . 

-~ 
•. 

•.. 
. .. . . . .. •r _:,---·- ······ · 

O I I I I I I I I I I I I I I I 
40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 

Lnight, outside, facade 

With regard to the relations for aircraft noise it sho uld be noted that the variance in 
the responses is large compared to the variance found for rail and road t raffic. This 
means that the uncertainty regarding the respo nses for night-time aircraft noise is 
large, and such responses can be considered as indicative only. Miedema (2003) sug
gests the following ca uses. 

• The time pattern of noise exposures around different airports varies considerably 
due to specific night-time regulations. 

• The sleep disturbance questions for aircraft noise show a large variation. 
• The most recent studies show the highest self-reported sleep disturbance at the 

same Lnight level. This suggests a time trend . 

For industrial noise there is an almost <.:omplete la..:k of information, a lthough there 
are some indications (Vos, 2003) that impulse noise may cause considerable distur
bance at night. 
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4 .3 COMPLAINTS 
According to the Health Council of the Netherlands (2004), the submission of a 
complaint about noise is symptomatic of reduced well-being. 

Complaints about noise are widespread, and night noise seems to cause more com
plaints than daytime noise at the same level. Hume, Morley and Thomas (2003) found 
that around Manchester Airport complaints per 1000 aircraft traffic movements rose 
from an average of 10 in daytime hours to up to 80 in the night. When linking part of 
the complaints to measured noise levels, they found an increase from an average of 1 
complaint at 70 PNLdB (circa 58 LAmaxl to 2 at 114 PNLdB (circa 102 LAmax). 

Due to differences in complaint cultures and registration practices, it is difficult to 
make comparisons between complaint registrations. Around Amsterdam Schiphol 
Airport a relation between complaints and LAeq was found (Ministerie Verkeer en 
Waterstaat, 2005). The threshold for complaints is around 45 Lden, and increases to 
7 % of the po pulation at 72 Lden- Night-time complaints follow the sam e pattern, 
a nd the threshold for night complaints is 35 Lnight· In Fig. 4.2 the mean percentage 
shows a definite relationship with Lnight· The 95 percentile indicates that the thresh
old is 35 Lnight· 

Fig. 4.2 i 
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Source: 
Ministerie Verkeer en 
Waterstaat /2005). 

4 .4 NEIGHBOURHOOD NOISE AND NOISE FROM 
NEIGHBOURS 

Inventory studies in the Netherlands indicate that sleep disturbance attributable to 
the most annoying forms of neighbourhood noise and noise from neighbours (con
tact noise and human noises in the environment) is on a similar scale to disturbance 
attributable to the most annoying sources o f road traffic noise (mopeds and passen
ger cars). It is reasonable to assume that chronic sleep disturbance is, in the lo ng 
term, liable to have consequences for hea lth and well-being. The sound pressure level 
a nd other noise characteristics are liable to determine the nature of the influence to 
some extent, but certain other facto rs p lay a mo re prominent role than is the case 
with traffic noise. T hese fa..:tors include appreciation of the noise and of the party 
responsible for the noise, as well as the hearer's personal circumstances. However, 
scientific understanding of the relative importance of and interaction between 

NIGHT NOISE GUIDELINES FOR EUROPE 

 
016052



EJ EFFECTS ON HEALTH 

acoustic and non-acoustic factors is not sufficient for the committee to draw any 
definitive conclusions regarding the relationship between, on the one hand, exposure 
to night-time neighbo urhood noise and noise from neighbours and, on the other, 
health and well-being. 

Leidelmeijer and Marsman (1997) carried out an interview-based study of 1242 
households in the Netherlands, in which subjects were asked about daytime and 
night-time noise from neighbours and any associated annoyance. A distinction was 
made on the basis of the part of the house in which the noises were audible and any 
associated annoyance was experienced. Subjects proved least tolerant of noise from 
their neighbours that was audible in the master bedroom. The researchers distin
guished five types of noise, which are listed below (Table 4.1), along with the per
centage o f subjects who indicated hearing the relevant type of n oise from a neigh
bouring dwelling at night in the master bedroom. 

Table 4.1 
Daytime and night

time noise from 
neighbours 

Source: 
Leidelmei1er and 
Marsma11. I 997. 

Type of noise 

Contact no ise 
Noise from sanitary fittings, 
central heating, etc. 
N oise from radio, TV and hi-fi 
Do-it-yourself noises 
Pets 

% subjects hearing noises 
at night in the bedroom 

22% 

19% 
12% 
8% 
6% 

Where each of the five investigated types of noise was concerned , roughly 10-15% 
of subjects indicated that they felt it was unacceptable for the noise to be audible 
during the day. Overall, nearly 30% of subjects said that sanitary fittings should not 
be audible at night, while approximately 50% felt each of the other fo ur types of 
noise was unacceptable at night. 

In 1993, Kranendonk, Gerretsen and van Luxemburg produced a synthesis of the 
research conducted up to that point in time into the annoyance associated with noise 
from neighbours. Subsequently, in 1998, van Dongen et al. published a report on the 
relationship between noise from neighbouring dwellings and the airborne and con
ta<.:t noise attenuating in<li..:es 1111 , l1u;k• and l00, drawing on d ata from a question
naire-based survey of the residents of 600 dwellings, whose acoustic quality was 
determined in 202 cases. The results of the two studies are reasonably consistent. 
Both found that the chief causes o f annoyance were loud radios, hi-fis and TVs, 
audible and sometimes intelligible voices, the slamming of doors and footsteps on 
floors and staircases. In both cases, it proved that, when Ilu had a value of O (the 
minimum req uirement for new homes), 10% of subjects reported high annoyance 
and 15% reported annoyance caused by noise from neighbouring dwellings. These 
figures are not specific to night-time noise, but apply to annoyance over a 24-hour 
period. 

On the basis of the findings o utlined above, the <.:ommirree concludes that the stan
dard of inter-dwelling sound attenuation presently require<l does not provide suffi
cient protection to prevent annoyance caused by noise from neighbours. Since people 
are less tolerant of the noise their neighbours make at night-time than of their neigh
bours' evening or daytime noise, it may be assumed that much of the annoyance asso
ciated with noise from neighbours relates to the influence of such noise on sleep. 
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4.5 CARDIOVASCULAR EFFECTS OF NOISE -
FINDINGS FROM EPIDEMIOLOGICAL STUDIES 

4.5.1 INTRODUCTION 

It is a common experience that noise is unpleasant and affects the quality of life. It 
disturbs and interferes with activities of the individual including concentration, com
munication, relaxation and sleep (WH O Regional Office for Europe, 2000; Schwela, 
2000). Besides the psychosocial effects of community noise, there is concern about 
the impact of noise on public health, particularly regarding cardiovascular outcomes 
(Suter, 1992; Passchier-Vermeer and Passchier, 2000; Stansfeld, H aines and Brown, 
2000). Non-auditory health effects of noise have been studied in humans for a cou
ple of decades using laboratory and empirical methods. Biological reaction models 
have been derived, which are based on the general stress concept (Selye, 1956; Henry 
and Stephens, 1977; Ising et al. , 1980; Lercher, 1996 ). Amongst other non-auditory 
health end points, short-term changes in circulation including BP, heart rate, cardiac 
o utput and vasoconstriction, as well as stress hormones (epinephrine, norepineph
rine and corticosteroids) have been studied in experimental settings for many years 
(Berglund and Lindvall, 1995; Babisch, 2003). Various studies have shown that clas
sical biological risk factors are higher in subjects who were exposed co high levels of 
traffic noise (Arguelles et al., 1970; Eiff et al. , 1974; Verdun di Cantogno et al., 
1976; Algers, Ekesbo and Stromberg, 1978; Knipschild and Salle, 1979; Manninen 
and Aro, 1979; Eiff et al. , 1981a; Rai et al., 1981; Marth et al., 1988; Babisch and 
Gallacher, 1990; Babisch et al., 1990; Lercher and Kofler, 1993; Schulte and Otten, 
1993; Dugue Leppanen and Grasbeck, 1994; Yoshida et al., 1997; Goto and 
Kaneko, 2002). Although controls for other risk fac tors were not consistent in all 
these studies, the hypothesis emerged that persistent no ise stress increases the risk of 
cardiovascular disorders including high BP (hypertension) and IHD. 

• Sound/noise is a psychosocial stressor that activates the sympathetic and endocrine 
system. 

• Acute noise effects do not only occur at high sound levels in occupational settings, 
but also at relatively low environmental sound levels when, more importantly, 
intended activities such as concentration, relaxation or sleep are disturbed. 

The following questions need to be answered. 

• Do these changes observed in the laboratory habituate or persist under chronic 
noise exposure? 

• If they habituate, what are the physiological costs? If they persist, what are the 
long-term health effects? 

The answers to these questions come from epidemiological noise research. Large
scale epidemiological studies have been carried out for a long time (Babisch, 
2000). The studies suggest that transportation noise is associated with adverse 
cardio vascular effects, in particular IHD. The epidemiological evidence is con
stantly increasing (Babisch, 2002, 2004a) . The biological pla usibility of the asso
ciation derives from the numerous noise experiments that have been carried out 
in the laboratory. There is no longer any need to prove the noise hypothesis as 
such. Decision-making and ri sk management, however, rely on a qua ntitative risk 
assessment which requires an established dose-response rela tionship. Since many 
of the stress indicators and ri sk factors that have been investigated in relation to 

NIGHT NOISE GUIDEL INES FOR EUROPE 

 
016054



EJ EFFECTS ON HEALTH 

Fig. 4 .3 
Noise effects 

reaction scheme 

Source: 
Bahisch , 2002. 
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noise a re known to be classical cardiovascular risk factors, the hypothesis has 
emerged that chronic noise exposure increases rhe risk of h ypertension , arte
riosclerosis and !HD. Its relevance for public health comes from the h igh preva
lence of card iovascular diseases in developed and industria lized countries. It is 
unclear as to what extent chronically repeated no ise-induced sleep disturbance 
contributes to the development of somatic health disorders. Only a few epidemi
o logical studies address this particula r issue. Epidemiological noise research has 
seldom distinguished between day and night exposures, or between the exposure 
of the living room and the bedroom. However, some deduction can be made from 
d aytime to night-time exposure. 

4.5.2 NOISE AND STRESS-REACTION MODEL 

The auditory system is continuously analysing acoustic information, which is filtered 
and interpreted by different cortical and subcortical bra in structures. The limbic sys
tem, including the hippocampus and the amygdala, plays an important role in the 
emotiona l processing pathways (Spreng, 2000). It has a d ose connection to the 
hypothalamus that controls the autonomic nervous system and the hormo nal bal
ance of the body. Laboratory studies found changes in blood flow, BP and heart rare 
in reaction to noise stimuli as well as increases in the release of stress hormones 
including the catecholamines adrenaline and noradrenaline, and the corticosteroid 
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cortisol (Berglund and Lindva ll, 1995; Maschke, Rupp and Hecht, 2000; Babisch, 
2003). Such changes also occur during sleep without the involvement of cortical 
structures. The amygdala has the capacity ro learn due to irs plasticity, particularly 
with respect to the meaning of sound stimuli (for example, danger of an approach
ing lorry) (Spreng, 2000, 2004 ). Acoustic stimulation may act as an unspecific stres
sor that arouses the autonomous nervous system and the endocrine system. The gen
eralized psychophysiological concept given by Henry and Stephens can be applied 
directly to noise-induced stress reaction (Henry, 1992). The stress mechanism as such 
is generically determined but ir may be modified by experience and environmental 
factors. Its biological function is to prepare the organism to cope with a demanding 
stressor. The arousal of the sympathetic and endocrine system is associated with 
changes in physiological functions and the metabo lism of the organism, including 
BP, cardiac o utput, blood lipids (cholesterol, triglycerides, free fatty acids, phos
phatides) , carbohydrates (glucose), electrolytes (magnesium, calcium), blood clotting 
factors (thrombocyte aggregation, blood viscosity, leukocyte count) and others 
(Friedman and Rosenman, 1975; Cohen, Kessler and Underwood Gordon, 1995; 
Lundberg, 1999). In the long term, functional changes a nd dysregulation may occur, 
thus increasing the risk of manifest diseases. 

Fig. 4.3 shows the principal reaction schema used in epidemiological noise research 
for hypothesis testing (Babisch, 2002). It simplifies the cause-effect chain, that is: 
sound - annoyance (noise) - physiological arousal (stress indicators) - (biological) 
risk factors - disease - and mortality (the latter is not explicitly considered in the 
graph). The mechanism works " directly" through synaptic nervous interactions a nd 
" indirectly" through the emotional and the cognitive perception of the sound. Ir 
should be noted t hat the "direct" pathway is relevant even at low sound levels par
ticularly during sleep, when rhe organism is at its nadir of arousal. The objective 
noise exposure (sound level) and the subjective noise "exposure" (annoyance) may 
serve independently as exposure variables in the statistical analyses of the relation
ship between no ise and health end points. 

Principally, rhe effects of environmental noise cannot directly be extrapolated from 
results of occupational noise studies. The rwo noise environments cannot simply be 
merged into one sound energy-related dose-response model (for example, a simple 
24-hour average noise level measured with a dose-meter). Noise effects are not only 
dependent on the sound intensity but also on the frequency spectrum, the rime pat
tern of the sound and the individuals' activities which are disturbed. Therefore, epi
demiological studies carried out under real-life cond itions can provide the basis for 
a quantitative risk assessment provided that there is adequate control over con
founding and exposure variables. Other noise sources might act as confounders 
and/or effect modifiers on the association of interest. The effects o f road traffic noise 
{at home) were shown to be stronger in subjects who were also exposed to high noise 
levels at work (Babisch et al. , 1990). 

4.5.3 PREVIOUS REVIEWS ON ENVIRONMENTAL NOISE AND 
CARDIOVASCULAR RISK 

Causality in epidemiology can never be completely proven (Schlesselman, 1987; 
Christoffel and Teret, 1991; Weed, 2000). It is a gradual term for which evidence is 
increasing with the increasing number of facts. However, the magnitude of effect, the 
presence of a dose-response relationship and consistency with other studies in dif
ferent populations and with different methodology and biological plausibility are 
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commonly accepted arguments for a causal relationship (Bradford Hill, 1965; Evans, 
1976; Morabia, 1991; Weed and Hursting, 1998). Classical, systematic and quanti
tative reviews have been published in the past, summarizing the results of studies 
that have been carried our up to the end of the last century, and assessing the evi
dence of the relationship between community noise and cardiovascular d isease out
comes (Health Council of the Netherlands, 1994, 1999, 2004; Berglund and 
Lindvall, 1995; IEH, 1997; Morrell, Taylor and Lyle, 1997; Porter, Flindell and 
Berry, 1998; Babisch, 2000; Passchier-Vermeer and Passchier, 2000), including a 
classical review and synthesis report by Babisch (2000) and a systematic review 
(meta-analysis) by van Kempen er al. (2002). 

In a meta-analysis it was concluded that the ri sk of hypertensio n due to aircraft 
noise was 1.26 per increase of 5 dB(A) (95% Cl: 1.14-1.39, Lday = 55-72 dB(A)) 
(van Kempen et a l. , 2002). But , only one study (Knipschild ,' l 977a) was consid
ered in the meta-analysis. With respect to road traffic noise and hypertension a 
pooled estimate o f 0.95 per 5 dB(A) (95% Cl: 0.84-1.08, Lday = <55-80 dB(A)) 
was calculated (van Kempen et a l. , 2002). Two cross-sectional st udies (Knipschild 
and Salle, 1979; Knipschild, M eijer and Salle, 1984) were considered in this cal
culation. T he highest degree of evidence was for the association between commu
nity noise and !HD. Across the studies there was not much indication of an 
increased risk for subjects who lived in areas with a daytime average sound pres
sure level of less than 60 dB(A). For h igher noise categories, however, higher risks 
were rela tively consistently found amo ngst the studies (Babisch, 2004a). 
Statistical sign ifica nce was rarely achieved . 

Some srndies permit reflectio ns o n dose- response rela tio nships. T hese mostly 
prospenive studies suggest an increase in risk for outdoor noise levels above 
65- 70 dB(A) during the daytime, the rela tive risks ranging from 1.1 to 1.5. Noise 
effects were larger when mediating factors like years in residence, room o rienta
tion and window-opening habits were considered in the analyses. In a meta
ana lysis it was concluded that the r isk o f !HD increased by 1.09 per 5 dB(A) of 
the road t raffic no ise level (95% CI: 1.05-1.13, Lday = 51-70 dB(A)) (van 
Kempen et al. , 2002), when two cross-sectional stud ies (Babisch et al., 1993a) 
were considered. However, the pooled estimate o f two prospective studies 
(Babisch et al. , 1999) was calculated to be 0.97 per 5 dB(A) (95% Cl: 0.90-1.04, 
Lday = 51-70 dB(A)) (van Kempen et al. , 2002). When the diagnosis of !HD was 
limited to myocardial infarction, three studies (Babisch er a l. , 1999, 1994) were 
considered in this meta-analysis. Then the linear effect estimate was 1.03 per 5 
dB(A) increase in road traffic noise level (95% CI: 0.99-1.09, Lday = 51-80 
dB(A)). New studies have appeared in the meantime which are included in the 
present updated review (Matsui et al., 2001; Bluhm, Nordling and Berglind, 
2001; Evans e t a l. , 2001; Rosenlund er al. , 2001; Belojevic and Sar ic-Tanaskovic, 
2002; Goto a nd Kaneko, 2002; Lercher er al. , 2002; M aschke, 2003; Franssen et 
a l. , 2004; Matsui et al., 2004; Niemann and Maschke, 2004; Babisch et al. , 
2005). Others are on the ir way or have not yet been finalized and published, for 
instance the pan-European HYENA project (Jarup et a l. , 2003 ). 

4.5.4 UPDATED REVIEW OF EPIDEMIOLOGICAL STUDIES 

Sixty epidemiological studies were recognized as having either obj ectively or sub
jectively assessed the relat ionship between transportation n oise and cardiovascu
lar end points. The identification of studies was based o n the author's expert 
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knowledge of the topic and respective literature. Details a re given in the major 
report (Babisch, 2006). Information particularly on night-time exposure (Lnight: 
22.00-06.00 or 23.00- 07.00) was seldom ava ila ble. Newer studies used non
weighted or weighted averages of the 24-hour exposure (Leq, Ldn, Ldenl• Some air
craft noise studies used national calculatio n methods (for example, Dutch Kosten 
Units). For comparisons of study results and the pooling of data (meta-analysis), 
sound levels were converted on the basis of best guess approximations to Lday 
(Matschat and Mi.iller, 1984; Passchier-Vermeer, 1993; Bite and Bite, 2004; 
Franssen et al., 2004 ). It sho uld be noted in this context tha t doubling/halving of 
road traffic volume resu lts in a 3 dB(A) higher/lower average sound pressure 
level. Not all stud ies allowed dose- response reflections beca use some of them 
considered very broad exposure categories. Besides objective noise measuremenrs, 
subjective measurements of exposure have been used in some epidemiological 
noise studies, which is in accordance with the noise- stress model. Type of road 
(for example, busy street, side street, etc.), disturbances a nd annoyance were 
ra ted by the study subjects from given sca les. 

4 .5.5 MEAN BP 

Table A2 of the major report (Babisch, 2006) lists the major find ings o f epidemi
ological traffic noise studies in which mean BP was considered as the outcome. 
It indica tes mean systo lic and d iastolic BP differences as obtained from extreme 
group comparisons of noise exposure. T he effects in children and in adul ts are 
discussed separa tely. The find ings in children are difficult to interpret with 
regard to possible health risks in thei r later life. The effect may be of a tempo
rary nature and may not be relevanr to permanent health damage. There is evi
dence dur ing childhood (Gillman et a l. , 1992), adolescence (Yong et al., 1993) 
and adulthood (Tate et al. , 1995) that the BP level at an early age is an impor
tant predictor of the BP level at a later age. Studies over the full age range a re 
missing (tracking). Growth and body weight are important factors in BP devel
opment. T he impact of body size was no t adequately considered in some of the 
studies. A crude hint regarding reversible effects on BP came from one study 
(Morrell et al. , 2000). Results of the Munich intervention study on the effects of 
a reduction of aircraft noise have o nly been reported regard ing cogn itive per
formance but no t with respect to change of BP (Hygge, Evans a nd Bullinger, 
2002). It was concluded from the available data on the length of exposure that 
children do not seem to adapt to high levels of road traffic noise but to some 
extent to aircraft noise (Passchier-Vermeer, 2000; Bistrup et al. , 2001). However, 
the database appears to be too poor to draw final conclusions. Aircraft noise 
studies focused on exposure at school, while road traffic no ise studies mostly 
considered noise exposure at home. The conclusions given by Evans and Lepore 
(1993) seem still to hold true: 

"We know essentially nothing about the long-term consequences of early noise 
exposure on developing cardiovascular systems. The degree of blood pressure 
elevations is small. The clinical significance of such changes in chi ldhood blood 
pressure is difficult to determine. The ranges of blood pressure among noise
exposed children are within the normal levels and do not suggest hypertension. 
T he extent of BP elevations found from chronic exposure are probably not sig
nificant for children during their youth, but could portend elevations later in life 
that might be health damaging." 
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Regarding mean BP, no consistent findings in the relationship between traffic noise 
level and mean systolic or diastolic BP can be seen in adults across the studies. In 
longitudinal studies, problems arose from migration of subjects, which had a consid
erable impact on sample size. The latter problem also applies to cross-sectional stud
ies, in general. Sensitive subjects may tend to move out of the polluted areas, which 
dilutes the effe..:r of interest. Medi..:ation due to high BP may affect the BP readings. 
However, the exdusion of subjects with hypertension or hypertension treatment 
dilutes the true effect on BP diffe rences, if the hypothesis (noise causes high BP) is 
true. In principle, hypotension - a fall in BP - can also be a stress reaction. All this 
makes it more reasonable to look at manifest hypertension (defined by a cut-off cri
terion} as a clinical outcome rather than a t mean BP readings (Ising, 1983; Winkleby, 
Ragland and Syme, 1988). To date, there is no evidence from epidemiological data 
that community noise increases mean BP readings in the adult population. However, 
this does not discard the noise hypothesis as such. Studies suffered from insufficient 
power, narrow exposure range or other difficulties in the study design. 

4 .5.6 HYPERTENSION 

Table A3 of the major report (Babisch, 2006) gives the results of epidemiological 
traffi..: noise studies on the relationship between ..:ommunity noise level and the 
prevalence or incidence of hypertension. Hypertension in these studies was either 
defined by WHO criteria (WHO-ISH Guidelines Subcommittee, 1999), similar cri
teria based on measurements of systo lic and diastolic BP, from information which 
was obtained from a dinical interview, or a social survey questionnaire about hyper
tension diagnosed by a doctor. Most studies refer to road traffic noise. However, in 
recent years some new air..:rafr noise studies entered the darabase. The subjects stud
ied were the adult male and female population , sometimes restricted to certain age 
ranges. With regard to the association between community noise and hypertension, 
the picture is heterogeneous. With respect to aircraft noise and hypertension , stud
ies consistently show higher risks in higher exposed areas. The evidence has 
improved since a previous review (Bahisch, 2000). The relative ri sks found in four 
signifo:antly positive studies range between 1.4 and 2.1 for subjects who live in high 
exposed areas, with approximate daytime average sound pressure level in the range 
of 60-70 dB(A) or more. Swedish studies found a relative risk of 1.6 at even lower 
levels >55 dB(A). With respect to road traffic noise, the picture remains unclear. New 
studies, more tha n older studies, tend to suggest a higher risk of hypertension in sub
jects exposed to high levels of road traffic noise, showing relative risks between 1.5 
a nd 3 .0 . H owever, the earlier studies cannot be negb.:red in the overall judgement 
process. Across all studies no consistent pattern of the relationship between commu
nity noise and prevalence of hypertension can be seen. Dose-response relationships 
were considered in new studies. Subjective ratings of noise or disturbances due to 
traffic noise seem to consistently show a positive association with prevalence of 
hypertension. The relative risks found here range from 0.8 to 2.3. These studies, 
however, are of lower validity due to principal merhodologirnl issues regarding over
reporting (Babisch et al., 2003). 

4.5 .7 IHD 

Table AS of the ma jor report (Ba bis..:h , 2006) gives the resu lts of cross-sectional 
epidemiological traffic noise studies on the relationship between noise level and 
prevalence of IHD. Table A6 of the major report gives the results of case-control 
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and cohort studies o n the association between noise level and incidence of IHD . In 
cross-sectional studies, !HD prevalence was assessed by cl inical symptoms of angi 
na pectoris, myocardial infa rction , ECG a bnormalities as defined by WHO crite
ria (Rose and Blackburn, 1968), o r from self- repo rted questio nnaires rega rding 
doctor-diagnosed heart attack. In longitudinal studies, !HD incidence was assessed 
by clinical myocardia l infar..:rion as obtained from hospital records, ECG measure
ments or clinical interviews. T he majority of studies refer to road traffic no ise. 
With regard to IHD, the evidence of an association between community noise and 
!HD risk has increased since a previo us review (Babisch, 2000). There is not much 
indication of a higher IHD r isk for subjects who live in areas with a daytime aver
age sound pressure level of less than 60 dB(A) across t he studies. For h igher no ise 
categories, a h igher IHD risk was relatively consistently found amongst rhe stud
ies. Statistica l significance was rarely achieved. Some studies permit reflections on 
dose-response relationships. These mostly prospective studies suggest a n increase 
in IHD risk a t noise levels above 65-70 dB(A) , the rela tive risks ranging from 1.1 
to 1.5 when the higher exposure categories were grouped together. Noise effects 
were large r when mediating factors like res idence time, room orientation and win
dow-opening habits were considered in the analyses. This accounts for an induc
tion period (Rose, 2005) and improves exposure assessment. The results appear as 
consistent when subjective responses of disturbance and a nnoyance a re consid
ered , showing relative risk s ranging fro m 0.8 ro 2. 7 111 highly 
annoyed/disturbed/affected subjects. However, these findings may be o f lower 
validity d ue to methodo logica l issues. 

4.5.8 MEDICATION AND DRUG CONSUMPTION 

Table AS of the major report (Babisch, 2006 ) gives the results of stud ies on the 
relationship between drug consumptio n and community no ise. !vledication was 
primarily investigated with respect to aircraft noise. A significant prevalence ratio 
for medication with cardiovascula r drugs of 1.4 was found in the sample of 
Amst erdam Schiphol Airport (Knipschild, 1977a). The results of the " drug sur
vey", where the annual data of the pharmacies regarding the purchase of card io
vascula r drugs were analysed (repeated cross-sectio nal survey), supported this 
finding. An increase in drug purchase over time in t he exposed areas and not in 
the less exposed was found. This refers to the purchase of cardiovascular and 
antihypertensive drugs, a s well as the purchase o f hypnotics, sedatives a nd 
antacids (Knipschild and Oudshoorn, 1977). Furthermore a dependency with 
changes in night fl ight regulatio ns was found (decrease after reduction o f night 
flights). A large recent study around Amsterdam Schiphol Airport found only a 
slightly higher risk of self-reported medication with cardiovascular d rugs, includ
ing antihypertensive drugs (rela tive ri sk 1.2 ), in subjects exp osed to aircraft no ise 
where the n oise level Lden exceeded 50 dB(A) (Franssen et al. , 2004). 
Dose- response relationships across noise levels (Lden = <50-65 dB(A)) with 
respect to prescribed and non-prescribed sedatives/sleeping pills were found (rel
ative risk 1.5 and 2.0, respectively) in the highest noise category of Lden = 61-65 
dB(A). The preliminary results of an ongoing aircraft noise study from Sweden 
carried our around Stockholm 's airport are in line with the Dutch studies (Bluhm 
et al., 2004). A sign ificant relative risk of 1.6 for the use o f antihypertensive 
drugs was fo und in male subjects, where the noise level according t o the Swedish 
calculation standard exceeded FBM = 55 dB(A). The road traffic no ise studies, 
where medication/purchase of d rugs was investigated also t end to show a higher 
use in higher exposed subjects (Eiff and Neus, 1980; Schulze et a l. , 1983; Lercher, 
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1992). The relative risk for cardiovascular drugs was 1.3 in the Bonn study and 
5.0 in the Erfurt study. The results for other drugs including sleeping pills, seda
tives, tra nquillizers a nd hypnotics ranged between 1.2 and 3.8 in these studies. 
All in all , the stud ies on the relationship between the use of medication or pur
chase of drugs and community no ise support the general hypothesis of an increase 
in sleep disturbance and cardiovascular risk in no ise-exposed subjects. 

4 .5.9 EVALUATION OF STUDIES 

T his section refers only to studies where the prevalence or the incidence of man
ifest cardiovascular diseases was considered as a potential h eal th o utcome of 
chronic exposure to environmental noise. The focus here is on a quantitative risk 
assessment with respect to manifest diseases. Furthermore, studies on the effects 
of low-altitude jet-fighter noise are also excluded, because this type of noise 
includes o ther dimensions of stress (for instance, fear). Thirty-seven studies have 
assessed the prevalence o r incidence of manifest diseases, including hypertension 
and IHD (angina pectoris, myocardial infarction, ECG abnormal ities). 

4.5.9.1 Criteria 
Epidemiological reasoning is largely based on the magnitude o f effect estimates, 
dose-response re lationships, consistency of findings, biological plausibility of the 
effects and exclusion of poss ible bias. Internal (the role of chance) and external 
validity (absence of bias and confounding) are important issues in thi: evaluation 
of studies (Bradford Hill, 1965). Analytic studies (for example, cohort or case
control studies) are usually considered as having a higher validity and cred ibility 
than descriptive studies (for example, cross-sectional o r i:cological studies) 
(Hcnnckcns and Buring, 1987), a lthough many of the reservations against cross
sectional studies seem to be of minor importance when considering noise. For 
example , it does not appear co be very likely that diseased subjects tend co move 
differentially more often into exposed areas. Rather the opposite may be true, if 
no ise stress is recognized as a potential cause of the individua l's health problem. 
T hus, a cross-sectional study design may act conservatively on the resul ts. T he 
presem:e of a dose-response relationship is not a necessary criterio n of causality. 
Non-linear relationships, including " u-" or "j-" shaped, saturation and threshold 
effects may refli:c.:t true associations (Calabrese and Baldwin, 2003; Rockhill , 
2005). With respect to the derivation of guideline values in public health policy, 
the assessment of a dose- response relationship enables a quantitative risk assess
ment on the bas is o f continuous or semi-continuous (for instance 5 dB(A) ca te
gories) exposure data . Dichotomous exposure data, on the other h and, tha t refer 
to a cut-off criterion which splits the enti re exposure range into t wo halves, can 
be used to evaluate the hypo thesis o f an association (qualitative interpretation), 
but not a quantitative assessment. The objective or subjective assessment of expo
sure and/or health outcomes is a n important issue when judging the validity of a 
study (Malmstrom, Sundquist and Joha nsson, 1999; Cartwright and Flindell , 
2000; Hatfield et al. , 2001 ). The objective prevalence of hyper tension was found 
to be higher in a population sample than the subj ective prevalence of hyperten
sion (Schulte and Otten, 1993) . In a telephone survey more than h alf of the 
hypertensives classified themselves as no rmotensive (sensitiv ity 40% for men and 
46% fo r women ) (Bowlin et a l. , 1993). In a representative health survey, the 
validity of the self- reported assessment o f morbidity (subjective morbidity) was 
found to be "low" w ith respect to hypercholesterolaemia, "intermediate" w ith 
respect to angina pectori s, hypertension and stroke and " high " w ith respect to 
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myocard ia l infarction (Bormann et a l. , 1990). Myocardial infarction is a very d ef
inite and severe health 01ttcome which subjects would clearly k now about if they 
had experienc.:ed it. !rs assessment by q1testionnaire tends to be more credible than 
that regarding hypertension. Test-retest reliability was found to be good with 
respect to " harder" 01ttcomes, incl1tding high BP and heart attack (L1tndberg a nd 
Manderbacka, 1996; Lipworth et al., 2001) . Over-reporting, on the other hand, 
may be a source of potentia l bias, particularly when both exposure and outcome 
are assessed on a s1tbjective basis (Winkleby, Ragland and Syme, 1988; Babisch 
et al., 2003). The subjects may be more prone to blame their environment for 
their health problems, or may even tend to exaggerate adverse effects or exposure 
in order to influence noise policy. Therefore, a higher credibility and ranking was 
given to studies where exposure and o utcome were assessed objectively (for 
example sound level versus subjective ratings, and measurement of BP or a clini
ca l interview versus sel f-reported hype rtension in a self-administered question
naire). T his means that the sound level must have been measured or calculated on 
the basis of the traffic counts, and clinical interviews or measurements must have 
been carried out hy medically tra ined personnel (no self-administe red question
naire data) to give a study a high ranking. Studies which have been adequately 
controlled (for insta nce stratification, model adjustm ent (regression), matching) 
for a reasonable set of confounding variables in the statist ica l analyses, besides 
age and sex, were given a high ranking. 

4.5.9.2 Assessment 
The evaluation concerning the epidemiological studit!s was made with respect to 
the identification of good quality studies that can be feasibly considered for the 
derivation of guideline val1tes. These studies can either be used for a sta tistica l 
meta-analysis, for a combined interpreta tion (synthesis) or for singular interpreta
tio ns. All the studies were evaluated with respect to the following cr iteria for inclu
sion or exclusio n in the synthes is process. Necessa ry criteria were: (1 ) peer
reviewed in the international literature; (2) reasonable control of possible con
founding; (3) objective assessment of exposure; (4) objective assessment of out
come; (5) type of study; and (6) dose-response assessment. All six criteri a were fu l
filled by the two prospective cohort studies c.:arried o ut in Caerphilly and Speedwell 
(Babisch et al., 1999; Babisch, Ising and Gallacher, 2003 ), the two prospective case
control studies carried 0 1tt in t he western part of Berlin ("Berlin I" and "Berlin II") 
(Babisch et a l. , 1992, 1994 ), and the new prospective case-control st1tdy carried out 
in the whole of Berlin ("NaRoMI" = "Berlin III") (Babisch, 20046; Babisch et a l., 
2005). The studies refer to road traffic noise and the incidence of myoca rdial 
infarction. T hey were a lso the only ones considered in an earlier meta-analysis on 
this issue (van Kempen e t al., 2002), with the exception of the "NaRoMI" stud y, 
which was not ava ilable at that time. All these studies a re observational analytic 
studies (Hennekens and Buring, 1987). If descriptive studies on individuals - name
ly cross-sectional studies - are a llowed, another two studies fr om Caerphilly and 
Speedwell on the association between road traffic no ise and the prevalence of IH D, 
myocardial infarction and angina pec.:toris can be taken into account (Babisch et a l., 
1988, 1993a, 19936) . These studies were also considered in the meta-ana lysis by 
van Kempen et a l. (2002). H owever, the results o f the Berlin study on the preva
lence of myocardial infarct ion (Babisch et al. , 1994 ) - which was a lso considered 
in tha t meta-analysis - are not considered here, because the outcome was assessed 
subjectively with a self-administered questionnaire (an exclusion criterion). All the 
studies suggest an increase in !HD, in particular myocardial infarc tion. T hese stud
ies are used for a new meta-analysis (section 4.5.10). 
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Regarding aircraft noise, the cross-sectional Okinawa study (Matsui et al. , 2001; 
M atsui et al., 2004) on the associa tion between aircraft noise and hypertens ion 
fulfils the inclusion criteria. When studies are included that <lid not assess 
dose-response relationships but only compared dichotomous categories of expo
sure in the analyses, two more studies appear on the list. The studies were carried 
o ut in the vicinity of Amsterdam Schiphol Airport. They suggest a higher r isk of 
cardiovascular diseases in general (Knipschild, 19776), and - specifically - for 
hypertension and !HD {angina pectoris, ECG abnormalities, heart trouble) 
{Knipschild, 1977a} in subjects from areas exposed to high ai rcraft no ise. These 
studies were considered in the meta-analysis by van Kempen et al. (2002). 
However, they do not fu lfi l the strict cr iteria set here. Finally, if the inclusion cri
teria are widened to include peer-reviewed studies that assessed dose-response 
relationships between objective indicators of exposure and the subjective {self
reported) prevalence o f diseases, a further two studies can be considered. These 
are the cross-sec tio nal study carried o ur in Stockholm regarding the association 
between aircraft noise and hypertension {Rosen lund et al., 2001 ), and the cross
sectional part of the study in Berlin regarding the association between road traf
fic noise and myocardial infarction {Babisch et al., 1994 ). Fig. 4.4 shows the 
results of the three aircraft noise studies carried out in Amsterdam, Okinawa and 
Stockholm {Knipschild, 1977a; Rosenlund et a l. , 2001; Matsui et al., 2004 ). The 
graph d early indicates that the results a re too heterogeneous to derive a pooled 
dose-response curve. However, a ll three studies show an increase in risk with 
increasing no ise level. 

Studies that are not given a high ranking accord ing to the above mentioned cri
ter ia, however, may serve as additional sources of information to support the evi
dence of the conclusions being made on rhe basis of this review. This is illusrrar
ed in Fig. 4 .5. The entries are rela tive r isks {centre of the bars} with 95% confi
dence interva ls (the bars} for d ichotomous comparisons of no ise exposure 
{extreme groups or high vs. low}. A rela ti ve consistent shift of the bars to relative 
ri sks greater than 1 can be seen. The dark-shaded bars in the diagram refer to 
studies where the no ise exposure was determined o bj ectively {noise levels), the 
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light-shaded ba rs wh ere it was determined sub1ectively (annoyance). Road tr affic 
and a ircraft n oise studies are here viewed together. No cor responding results are 
available for rail t raffic stud ies. If different subgroups of the population 
(males/females ) o r differ ent health end points were taken into account , specific 
studies appear more than once in the ill ustration. 
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Captions: sex : 
f = female, 
m = male; 
noise m easurement: 
o = objective (so11nd level), 
dark-shaded beam; 
s = subjective (annoyance). 
lig/,t-shaded beam; 
type of noise: 
a = aircraft noise; 
r = road traffic noise; 
ischaemic heart disease: 
e = ECG·ischaemic signs. 
I, = heart complaints, 
i = isch:umic heart disease. 
p = :111gi11a pectoris, 
v = cardiovascular complaints 
in gmaal, y = heart attack. 

So11rce: Babisch, 2002, 
modified according to the 
r,sults of Babiscb, 2004b. 
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4.5.10 DOSE-RESPONSE CURVE: META-ANALYSIS 

For a quantitative risk assessment and the derivation of guidelines for public health 
noise policy a common dose- response curve is required. The risk estimates obtained 
from different noise studies can be summarized using the statistical approach of a 
meta-analysis. Based on rhe judgement criteria discussed in section 4.5 .9.2, five ana
lytic and rwo descriptive studies emerged that can be used ro derive a common 
dose-response curve for rhe association between road traffic noise and the risk of 
myocardial infarction. Two separate meta-analyses were made by considering the 
ana lytic studies that were carried our in Caerphilly and Speedwell (cohort studies) 
and Berlin (case-control studies) on rhe one hand, and the descriptive studies that 
were carried om in Caerphilly and Speedwell (cross-sectional studies) on the other 
hand. It turned out, as a result of the evaluation, rhat a ll these studies referred to 
road traffic noise during rhe day (LdaY: 06.00-22.00) and rhe incidence or prevalence 
of myocardial infarction as the o utcome. Study subjects were men. In all analytic 
studies the orientation of rooms was considered for the exposure assessment (facing 
the street or not). With respect to the Caerphilly and Speedwell studies, the six years 
of pooled follow-up data provided the respective information. In all descriptive stud
ies the traffic noise level referred ro the facades rhar were facing the street and did 
not consider the orientation of rooms/windows. All individual effect estimates were 
adjusted for the covariates considered in each of the studies. Different sets of covari
a tes were considered in each study. However, this pragmatic approach accounts best 
for possible confounding in each study and provides the most reliable effect esti
mates derived from each study. The concept of meta-analysis was used to aggregate 
and summarize the findings of the different studies (Olkin, 1995; Blettner et al., 
1999). The program "meta" was downloaded from the "STATA" web site for use in 
the statistical package STATA (version 8.0), and for calculating the pooled random 
effect estimates. 

Table 4 .2 
Sinqle and pooled (meta-analysis) effect estimates (odds ratios and 95% confidence intervals) of 

descriptive and analytic studies on the relationship between road traffic noise level (Ldayl and the 
Incidence/prevalence of myocardial infarction 

DescrtpUv• 
sti.M:IIU 

Caerphllly 

Spetdwtll 

Poded 

0-THt 
Analytic 
studlH 
Curphllly• 
SpeedwtU 

Bertini 

S.ttln ll 

8tr11nlll 

Pooled 

Q-Tut 

Road traffic noise level • dB/A\\ 

51-55 ..... 11-65 6&-70 

1.00 1.00 (0 .51-1.111 , [13. 29) 0 .90 10. s,-1. .u1. 1n . 2JJ 1 . 22 {0.63-2.35),( 1.tl ) 

1.00 1.02 (0 . 5'1-1.83), [ll.U) 1.22 (0 . '10-2 . 21) , (12 .62) l.07 (0. 59-1. 94), (10, U) 

1.00 1 . 01 (0 . 68-1.50) l.02 (072-l.4'1} l .U (0 . 73-1. 76) 

p .. 0.96 p .. o . o pa0 . 71 

so 11-65 66•70 71-75 70-a0 

1.00 0.65 ( 0.27-1.S'J), [ 4.95 ) 1.18 (0 , H -1. 89) , (1'1 , 41) --- ---
l.00 1 .48 (0 . 57-3.85), [ 4 . 21) 1.19 (0 . 49-2. 87 ) , I 4 . 94 ) 1.25 (0 . 41- 3.81) , ( 3 .09) l .76 (0 . 11-28.5), [0.50) 

l.00 l.1' f0 . 12•1 . 65), Ill.OJ 0.94 (0 . 62-1.42), (22 . 7' ) 1.07 f0 .H•l . 68) , ( 11. 92) l.4' (0. 7'1-2. 71), (9.27 ) 

1.00 1.01 (0 . 77 - 1.32), [54 . 42 ) l. ll (O .H•l. 49), [50. l'JJ 1.27 10 . aa-1. 80, (21. 24 J ---
1.00 1.05 ( 0 , 86-1.29) 1.09 (0 . 90-1.34) 1.19 (0. 90-l. 57) 1 . n (0 , 79-2.76) 

p • O. 57 p .. o.n p><0.14 p • O. 90 

Table 4.2 shows individual and pooled effect estimates with confidence intervals 
(ro unded brackets), statistical weights (squa re brackets) for the individual studies, 
and the Q-test of heterogeneity between studies. According to the Q-test, the nil 
hypothesis o f non-heterogeneity was never discarded. Figs 4.6 and 4.7 sho w odds 
ratios of individual studies and the pooled estimates for the descriptive and analytic 
studies. 
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Fig. 4.6 and Fig. 4.7 
Single and pooled effect estimates (odds ratios) for the descriptive and analytic studies 
of the association between road traffic noise level and the prevalence (left graph) and 
incidence (right graph), respectively, of myocardial infarction 
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Support for any noise- effect relationship may come fro m subgroup analyses that are 
in line with the noise hypothesis. This refers to effect modification with respect to 
residence time, window-opening behaviour and other determinants that affect the 
noise exposure and cumulative no ise dose. In the Amsterdam aircraft no ise studies, 
a steady increase in the purchase of ca rdiovascular and antihypertensive drugs at 
local pharmacies was found over the period o f eight years in a community newly 
exposed to aircraft noise. No such increase was found in a control community that 
was not exposed to aircraft noise (Knipschild and Oudshoorn, 1977). Positive asso· 
ciations between the prevalence of cardiovascular diseases and residence time in 
exposed areas (but not in unexposed) were also found in the road traffic noise stud
ies carried out in Bonn with respect to hypertension (Eiff and Neus, 1980; N eus et 
al. , 1983) and in Caerphilly and Speedwell with respect to !HD (Ba bisch et al. , 1999; 
Babisch , Ising and Gallacher, 2003). When the analyses of the road traffic noise stud
ies carried out in Berlin, Caerphilly and Speedwell were restricted to subjects who 
had not moved within a retrospective period o f 10-15 years, the effect estimates 
turned out to be la rge r than for the tota l samples o f each study (Ba bisch et al. , 1994, 
1999, 2005). Similarly, a larger effe..:t was found in the study in Sollentuna with 
respect to hypertension (Bluhm, N ordling and Berglind, 2001). N o such effect w as 
found in the Lubeck study (Hense, Herbold and Honig, 1989; Herbo ld, Hense a nd 
Keil, 1989 ). The cross-sectional data of the study carried out in Los Angeles on chil
dren regarding mean BP indicated some habituation to aircraft n oise (Cohen et a l., 
1980). The lo nger the children were enrolled in the school, the smaller was the di f
ference in BP between exposed and non-exposed children. 

However, the fo llow-up study suggested that this may also be an effect o f a ttrition 
(Cohen et al., 1981). The longer the fa milies experienced the noise, the more likely 
tha t they moved away from the exposed areas (selection bias). In contradiction to 
this, BP differences between children exposed and not exposed to road traffic noise 
increased with school grade (Karsdorf and Klappach, 1968). Intervention studies 
were conducted with r espect to changes in BP and changes in a ir traffic operation 
(for example the o pening/closing of a irports o r runways). In the Munich study, a 
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larger increase in BP was found in children from a noisy area (Evans, Bullinger and 
Hygge, 1998). Other studies suggested reversible effects on BP when the exposure 
was lowered (Wolke et al., 1990; Morrell et al., 1998, 2000). In the Tyrol study, sig
nificantly lower BP read ings were found in subjects who kept the windows closed 
throughout the night (Lercher and Kofler, 1993, 1996). When the subjects lived close 
to the highway (within a distance of approximately 500 metres), the prevalence of 
hypertension was higher in subiects whose bedroom was facing the main road than 
in those whose bedroom was not facing the main road. The orientation of rooms and 
window opening was also found to be an effect modifier of the association between 
road traffic noise and IHD in the Caerphilly and Speedwell studies (Babisch et al., 
1999). The relative risk with respect to the noise level was slightly higher in subjects 
with rooms facing the street and subjects keeping the windows usually open when 
spending time in the room. A much greater relative risk of hypertension was found 
in subjects who slept with open bedroom windows in the Spandau Health Survey 
(Maschke, 2003; Maschke, Wolf and Leitmann, 2003). Hearing impairment was 
found to be an effect modifier on the association between aircraft noise and hyper
tension (Rosenlund et a l. , 2001 ). Amongst the exposed subjects, a higher ri sk asso
ciated with the noise was only found in subjects without hearing loss. 

4 .5.12 EXPOSURE DURING THE NIGHT 

Unfortunately, epidemio logical noise research provides nearly no information 
regarding the particular impact of no ise exposure during the n ight on cardiovas
cular health outcomes. The Spandau Health Survey explicitly distinguished 
between the exposure of the living room (during the day) and the exposure of the 
bedroom (during the night). There, a slightly higher relative risk o f hypertension 
was found with respect to the traffic no ise level during the night (relative risk 1.9 
vs. 1.5) compared with the noise level during the day (Maschke, 2003; Maschke, 
Wolf and Leitmann, 2003). Furthermore, sleeping with open bedroom windows 
was associated with a large increase in risk. However, due to the small sample 
size, the confidence intervals were very large. In the drug surve)' of the 
Amsterdam aircraft noise studies, a steady increase in purchase of hypnotics 
(sleeping pills) and sedatives was found (Knipschild and Oudshoorn, 1977). T his 
trend decreased considerably when night flights were la rgely banned. Such a 
decrease was not found regarding cardiovascula r drugs for which the purchase 
a lso increased over time. H owever, this may partly be due to the fact that ather
osclerotic manifestations o f high BP were less reversible (in contrast to vasocon
striction, which is more related to acute or semi-acute effect s, for instance in chil 
dren). It was mentioned in the previous section that closing the windows had a 
protective effect on BP readings in the Tyrol study (Lercher and Kofler, 1993). 
This was only found regarding dosing the windows during the night and n ot d ur
ing the day. Furthermore, subjects who had switched the bedroom and the living 
room because of the noise had a significantly lower BP than those who did not 
do so. The findings are discussed in a broader context of coping strategies 
(Lercher, 1996). When subjective responses to community noise were considered, 
higher relative ri sks of cardiovascu lar diseases were found for noise-related dis
turbances of sleep and relaxation, rather than for other disturbances or subjective 
descriptors of noise exposure, which did no t refer to the night-time . This was 
found in the Caerphilly and Speedwell studies (Babisch, Isin g and Ga llacher, 
2003), the NaRoMI study (Babisch et a l. , 2005), the Spandau H ealth Survey 
(Maschke, Wolf and Leitmann, 2003) and a general population sample of 
Germany (Bellach et a l. , 1995) . The LARES study (Niemann and Maschke, 

NIGHT NOISE GUIDELINES fOR EUROPE 

 
016067



EFFECTS ON HEALTH 11a 

2004 ), in which noise-induced sleep disturbance was assessed, did no t show a 
higher relative risk compared with the general annoyance. 

4.5.13 RISK GROUPS 

Most epidemiological noise studies looked at the cardiovascular effects of communi
ty noise in men. This may simply be due to the fact that the prevalence of cardiovas
wlar diseases in middle-aged subjects is higher in men than in women. Statistical 
power is an important issue for the design of a study. Furthermore, in noise experi
ments, physiological reactions controlled by the autonomic nervous system were less 
pronounced in females than in males (Neus et al. , 1980; Ising and Braun, 2000). 
Improper control for possible differential effects of the intake of sex hormones, 
including contraceptives, which may prevent or promote adverse (noise) stress effects, 
may act conservatively on the results (Cairns et al., 1985; Eiff, 1993; Farley et al., 
1998). The studies carried out in Lubeck (Hense, Herbold and Honig, 1989; Herbold, 
Hense and Keil, 1989), Pancevo (Belojevic and Saric-Tanaskovic, 2002), Berlin 
(Babisch et al., 2005), Stockholm (Rosenlund et al., 2001), a German population 
sample (Bellach et al., 1995), Bonn (residence time) (Eiff and Neus, 1980; Eiff et al., 
19816) and in Amsterdam (angina pectoris} (Knipschild, 1977a) found higher preva
lences of hypertension, !HD and the use of cardiovascular drugs in noise-exposed men 
than in women. The studies carried out in Bonn (sound level) (Eiff and Neus, 1980; 
Eiff et al. , 19816), Sollentuna and Amsterdam (heart trouble) (Knipschild, 1977a; 
Bluhm, Nordling and Berglind, 2001) found the opposite. In the studies carried out 
in the former Soviet Union, it was reported that noise effects on the cardiovascular 
system were more pronounced in young and middle-aged subjects (Karagodina et al. , 
1969). Swedish noise studies (Bluhm, Nordling and Berglind, 2001, 2004) and the 
LARES study (Niemann and Maschke, 2004) found similar results. The opposite 
{larger effects in elderly subjects) was reported from the Amsterdam study 
(Knipschild, 1977a ) and the Stockholm study (Rosenlund et al., 2001 }. The available 
database on cardiovascular effects of noise in children is poor. No data are available 
that refer, in particular, to noise and sleep. The quantitative impact of transportation 
noise on the cardiovascular system is still a matter of research. A quantitative health 
risk assessment for children cannot be made at the moment. 

Based on the ava ilable information from noise studies, it must be concluded that 
children do not appear to be a particular risk group with respect to cardiovascular 
outcomes, especially BP. This does not mean that the literature does not suggest high
er BP readings in children. It only means that the effect in children does not appear 
to be different than that in adults. However, children may be exposed longer to noise 
throughout their lifetime than the adults that have been studied. No long-term fol
low-up studies are known that focus o n noise exposure. Most studies o n children 
considered noise in schools rather than noise at home, which implies d ifferent mech
anisms about how noise could contribute to a rise in BP (raised effort in learn
ing/speech perception vs. disturbed relaxation/sleep). The prospective part of the 
Caerphilly and Speedwell studies gave a small hint that health status could be a mod
ifying factor. In subjects with prevalent chronic diseases, road traffic noise was asso
cia ted with a slightly larger increase in the incidence (new cases) of !HD than in sub
jects without prevalent diseases - when the o bjective noise level was considered 
(Babisch et a l. , 2003). Surpri singly, when a nnoyance and disturbances due to traffic 
noise were considered for exposure, the opposite was found. Noise effects were only 
seen in subjects without prevalent diseases. This was discussed w ith respect to 
reporting bias. 
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4.5.14 RISK EVALUATION 

The process of risk assessment (risk evaluation) comprises hazard identi fication 
("Which health outcome is relevant for the exposure?"), exposure assessment 
("How many are affected?") and dose-response assessment (" threshold of 
effect " ). This informatio n is summarized in "risk characterization" (" h ealth haz
ard characterization"). It involves the interpretatio n of the available evidence 
from the ava ilable da ta and other scientific disciplines, and is subject to discus
sion of the uncertainties. These include chance, bias and validity of studies as well 
a s transparency, replicability and comprehensiveness of reviews. As a result of the 
ri sk evaluation process, a quantitative estimate about the likelihood that the haz
a rd will affect exposed people will be derived . Usually, attributable risk percent
ages are calculated (Walter, 1998). This wi ll serve as key information for any kinJ 
of risk management including regulatory options (Jasanoff, 1993). The term 
"adverse" is essential in this context of environmental standard setting. Risk 
management should ensure that "adverse" health effects do nor occur. T he fact 
that an organism responds to noise does not have to be per se "adverse". T he 
severity o f a health o utcome is an important determinant o f the adversity of an 
effect and implies variable action levels for public health policy (Babisd1, 2002, 
2004a; Griefahn et al., 2002; H ealth Council of the Netherlands, 2003). Since 
considerable parts of the population are exposed to hig h noise levels (EEA, 
2004), noise policy can have a significant impact on public health (Neus and 
Boikat, 2000). Due to the increas ing number of people affected with the decreas
ing severity of rhe effec t, even small individual risks and less severe health out
comes can be relevant for public health and decision-making. It has been shown 
that moderate noise exposures implying a small individual risk may cause more 
noise-induced cases of health-impaired subjects than higher noise exposures. 
Franssen et al. (2004) pointed o ur rhar rhe number of people suffering from poor 
health due ro aircra ft noise is do minated by the larger number of people that is 
exposed ro relatively moderate-to- low noise levels and not by those exposed to 

high noise levels . This means that more emphasis should be put on the reduction 
of noise in moderately exposed areas. However, public health policy cannot only 
consider populatio n attributable risks (risk percentages) , but must also consider 
individual risks (lifetime risk). 

In practice, it seems to be reasonable that no ise policy should reduce noise, begin
ning with the highest exposures and ending with the lowest ones. Decision-mak
ing will have to find commo n standa rds of acceptable risks, which may vary 
according to the cost-benefit considerations within and between communities 
and countries. Such practical standards may, however, vary due to economic 
develo pment and abi lit ies, cost-benefit considerations and priority settings of a 
community or country. H ealth quality targets derived from scientific research are 
usually intended to minimize risks; decision-making in the political process is 
only partly scientifically based due to economic limitations and concurring inter
ests (Nij land et a l. , 2003 ). Different health o utcomes or indicators of well-being 
and quality of life imply di fferent action levels. Environment and health policy 
must determine acceptable noise standards that consider the whole spectrum 
from subjective well -being to somatic health (for example a nnoyance, physiolog
ical arousal, health risk). The evidence for a causal relationship between commu
nity or transportatio n noise and cardiovascular risk appears to have increased 
over recent years due to new studies that accomplish the database. 
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4 .5.15 CONCLUSIONS 

The evaluation process used in this paper considered the "necessary" criteria: peer
reviewed publicarion in an international journal, reasonable quantitative control of pos
sible confounding, objective assessment of exposure and outcome, type of study (analyt
ic vs. descriptive), and dose-response assessment (not only dichotomous "high" vs. 
" low"). The approach differs from that of an earlier meta-analysis (van Kempen et al., 
2002) in that there regression coefficients were calculated for the entire dose- response 
curve within a single study (for instance the increase in risk per 5 dB(A)), w hich were then 
pooled between studies. Since higher exposure categories usually consist of smaller num
bers of subjects than the lower categories, regression coefficients across noise levels tend 
to be influenced by rhe lower categories. This may lead to an underestimation of the risk 
in higher noise categories. The approach presented here pooled the effect estimates of sin
gle studies within each noise category, thus giving more weight to the higher noise cate
gories and accounting for possible non-linear associations. 

Fig. 4.8 and Fig. 4.9 
Pooled effect estimates (meta analysis) of descriptive and analytic noise studies of the 
association between road traffic noise level and the prevalence (left graph) and incidence 
(right graph), respectively, of myocardial infarction (odds ratio ± 95% confidence interval). 
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r ig . 4 .8 and rig. 4.9 show the two risk curves for descriptive and analytic studies 
(Hennekens and Buring, 1987). The graphs show the pooled effect estimates (odds 
ra tios) and the 95% confidence intervals for each noise category. Whereas the cross
sectional studies (Fig. 4.9) cover the sound level range of Lday from >50 to 70 dB(A), 
the cohort and case-control studies (Fig. 4.8) cover the range from S60 to 80 dB(A). 
Both curves together can serve as a basis for a quantitati ve risk assessm ent. From 
Fig. 4.8 it can be seen that below 60 dB(A) for Ld.,y no noticea ble increase in risk of 
myocardial in farction is to be detected. Therefore for the time being, Lday = 60 dB(A) 
can be seen as NOAEL {no observed a dverse effect level) for the relat ionship 
between road traffic noise and myocardial infarction (Babisch, 2002). for noise lev
els greater than 60 dB(A), the risk of myocardia l infarction increases continuously, 
and is greater than 1.2 for noise levels of 70 dB(A). This can be seen in Fig. 4.9. It 
should be mentioned that the risk estimates, in general, were found to be higher in 
subjects that had lived in the exposed areas for a longer ti111e (Babisch et a l. , 1994, 
1999, 2005) . This is in accordance with the noise hypothesis a nd the effects of 
chronic no ise stress (Lercher and Kofler, 1996; Thompson, 1997) . However, for the 
calculation of population attributable risks the figures for the whole p opu lation are 
relevant due to unknown information a bo ut residence time. 
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No particular risk groups could be identified on the basis of epidemiological research on 
cardiovascular effects of community noise. The assessment of dose-effect relationships 
sometimes suggested a rnt-off levd, above which the risk rends to increase. From a bio
logical point of view, one would expect a continuous increase in risk with increasing noise 
level. However, adaptation, habituation and coping may be reasons for an empirical 
threshold of effect. Dt:cisions with respect to guideline values usually refer to a quantita
tive risk assessment of populations (for example population attributable risk percentage). 
However, prevention strategies - for ethical reasons - should not ignore the individual 
risks of highly exposed subjects, even if their number may be small. 

With respect to night noise exposure, nea rly no information is available from epidemio
logical studies on the cardiovascular efb:rs of long-term noise exposure of the bedroom 
dur ing the night. O nly one study distinguished between the exposures of the bedroom and 
the living room in the statistical analyses (M aschke, Wolf and Leitmann, 2003). T he 
results suggested slightly higher effect estimates for the prevalence of hypertension with 
respect to the noise exposure of the bedroom (during the night) compared with the expo
sure of the living room (during the day). However, the difference was small (odds ration 
1.9 vs. 1.5), which means that it still remains an open question whether the night expo
sure or the overall exposure throughout the whole day is the driving force. The study has 
some methodological limitations that were addressed in the summary of the major tech
nii:al report and in a recent advisory report of the Health Cou1Kil of the Netherlands 
(2004). They a re mainly concerned with the fact that the study population consisted of a 
selected, predominantly older and health conscious group of persons that might have 
already suffered from regular health problems (risk group). A few studies that looked at 
the association between subjective responses to community noise and cardiovascular out
comes suggest a closer relationship with sleep-related annoyance/disturbance reaction 
rather than with non-sleep-related annoyance/disturbance (Bellach er a l., 1995; Babisch et 
al. , 1999, 2005; Maschke, Wolf and Leitmann, 2003; Niemann and Maschke, 2004). 
Closing the bedroom window or, vice versa, sleeping with the bedroom window open, was 
associated with a lower or higher risk, respectively (Lercher, 1996). The same was found 
with respect to changing the bedroom to the living room because of noise. These findings 
may indicate that night-time noise may be more a determinant of noise-induced cardio
vascular effects than daytime exposure. However, daytime activity patterns and expecta
tions of the individuals are much more inhomogeneous than during the night, which tends 
to dilute the statistical association of true effects with the day noise exposure. 

Given the situation that only a few data are available from epidemiological studies with 
respect to effects on sleep (exposure of the bedroom during the night), there does not 
seem to be any other way of reasoning than inferring night noise recommendations or 
guidelines from the results of studies that refer to noise exposure during the daytime peri
od (Ldayl or the whole day (Ldn, L24h)- Ldcm in this context, appears to be a useful noise 
indicator for decision-making and regulatory purposes. Penalties of 5 JB(A) and 10 
dB(A) arc usually given to the evening period and the night period, respectively. It can be 
used for noise mapping and refers normally to the most exposed facade, which incorpo
rates a certain degree of exposure misclassification regarding cause-effect relationships. 
This weighted indicator was introduced to assess the relationship between sound level 
and noise annoyance (European Commission, 2002a). However, it may not be adequate 
for research into (somatic) health-related noise effects. Non-weighted separate exposure 
indicators, such as Lday, Levening or Lnight> may be more appropriate when assessing phys
iological responses to the noise. In urban settings, night-rime average noise levels 
(22.00-06.00) for road traffic tend to be approximately 7- 10 dB(A) lower than daytime 
average noise levels - relatively independent (no freeways) of the traffic volume of the 
street (Utley, 1985; Ullrich, 1998; Evans et al., 2001). In such cases, Lden is approximate-
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ly 2-3 dB(A) higher than Lday (Bite and Bite, 2004). Therefore, in epidemiological stud
ies in which the relative effects of road traffic noise are sn1died, the sound emission dur
ing the daytime can as well be viewed as an approximate relative measure of the overall 
sound emission including the night. This seems to be further justified because existing 
noise regulations usua lly consider a 10 dB(A) difference between the day and the night. 
The NOAEL of 60 dB(A) for Lday corresponds, in this respect, w ith 50 JB(A) for L11;ghr· 
This approximation can only be made with respect to road traffic noise. 

Aircraft noise has been less intensively studied in noise epidemiology. The studies focused 
on high BP. Dose-response curves were hardly considered. A large European study on the 
association between aircraft noise a nd road traffic noise on BP is currently being conduct
ed (Jarup et al., 2003). Regarding aircraft noise - and particularly the ongoing debate on 
night flight restrictions in the vicinity of busy airports - no other alternative exists at pres
ent than to take the myocardial infarction risk curves derived from road traffic noise 
studies as an approximate for aircraft noise. Since a ircraft noise acts on a ll sides of a 
building, that is, different to road traffic noise, the suspicion exists that the effects induced 
by aircraft noise could be greater than those induced by road traffic (Ortscheid and 
Wende, 2000; Babisch , 2004a). This may be due to the lack of evasive possibilities with
in the home and the greater annoyance reactions to aircraft noise, which are usually 
expressed in social surveys (Miedema and Vos, 1998). More research is needed regard
ing the association between aircraft noise and cardiovascular end points. 

This section is clea rly focused on ill health as an outcome of the adverse effect of noise. 
A common dose-effect curve for the relationship between road traffic n oise (outdoors) 
and the risk of myocardial infarction was developed. This curve can be used for a quan
titative risk assessment and the calculation of attributable cases in a community. 
However, decisions regarding limit values have to be made within the spectrum between 
discomfort (annoyance) and ill health (disease) (Lindstrom, 1992; Babisch, 2002). 
Whereas quality targets at the lower end of the effects scale may be more flexible, qual
ity targets at the upper end may be more obligatory. For example, for ethical reasons 
(equality principle) it does not seem to be justified if (ill) health-based limit values are var
ied according to the type of living area as expressed in land development plans (for exam
ple residential, mixed or commercial). 

4.6 INSOMNIA 
A group of Japanese researchers carried out a questionnaire-based survey of 360 0 adult 
Japanese women (aged between 20 and 80) to gather information about the factors that 
contribute to insomnia (Kageyama et al., 1997). Some 11 % of subjects were found to be 
affected by insomnia (as defined on the basis of WHO's International Statistical 
Classification and Related Health Problems, 10th revision - ICD10). Analysis of the sur
vey data took account of various distorting variables, such as age, number of (small) chil
dren in the family, social status, receipt of medical treatment, regularity of bedtimes, 
apnoea-like problems and serio11s 11npleasant experiences in the six months prior to com
pleting the questionnaire. W hen the percentage of insomniacs in each of the three areas 
with the highest exposures was compared with the percentage in the low-exposure areas, 
the ratios worked out at, respectively, 1.4 (2100 vehicles per hour, Lnighr of around 65 
dB(A)), 2.1 (2400 vehicles per hour, L11;ghr of around 67 dB(A)) and 2.8 (6000 vehides per 
hour, Luighr of around 70 dB(A)) . The most frequently reported problem was difficulty get
ting to sleep. 
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Research into the effects of exposure to air and road traffic noise has shown that increas
es in night-time noise exposure or in noise exposure during the sleep latency period have 
a statistica lly significant adverse impact on subjects' ability to get off to sleep and on sleep 
inception periods. 

4.7 EFFECTS ON PERFORMANCE 

4.7.1 COGNITION AND SWS 

Jan Born and co-workers at the University of Lubeck (Wagner, Gais and Born, 2001; 
Benedict et al., 2004; Born and Wagner, 2004; Gais and Born, 2004; Drosopoulos, 
Wagner and Born, 2005) have reported interesting research and put forward intriguing 
hypotheses on the relation between noise exposure, sleep loss and subsequent cognitive 
performance. They conclude that declarative memory benefits mainly from sleep peri
ods dominated by SWS, while there is no consistent benefit for this memory from peri
ods rich in REM sleep. This points to the importance of SWS for declarative memory. 

Since sleep in the early night is dominated by SWS, in contrast to late night when REM 
sleep dominates, this would imply that noise in the early night, for example aircraft 
noise before midnight, would be particularly damaging to memory and related cogni
tive functions. However, this implication has not yet been explicitly tested. That is, there 
seems to be a certain risk for impoverished memory due to noise in the early night, bur 
tht:re:: is as ye::t no grade::d quantification about whe::the::r ordinary pre::-111id11ight noise lev
els around large airports are sufficient to make a difference to SWS. We also lack grad
ed quantification about the relationship between impoverished SWS and the resulting 
effect on different aspects of declarative memory. 

Thus, in terms of Fig. 1.1 we have evidence for the arrow marked (b), but we do not 
have enough information to say whether the strength of arrow (a) is sufficient to cause 
reduced SWS in field settings. 

Furthermore, since children's memory systems pass through developmental changes and 
a re not structured in the same way as for adults, it would be interesting to know to what 
extent the Born group results are also valid for d1ildren, and whether the depth of chil
dren's sleep counteracts or enhances SWS dominance in the early night. 

4 .7.2 COMPARING DAYTIME AND NIGHT-TIME NOISE 
EXPOSURE 

As implied by Fig. 1.1, the relatio n between noise exposure a nd resu lt ing effects on 
cognition should be analysed somewhat differently depending on whether the noise 
exposure takes place during the day or night. Analysing the cognitive effects of day
time noise exposure is fairly straightforward. For night-time noise exposure, howev
er, an y effects on cognition can either be a more or less direct effect of the no ise 
exposure, or an indirect effect mediated by reduced sleep or sleep quality. 

Also, comparing, for example, rnemory and learning functions when exposed to 
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night-time noise, in contrast to daytime noise, shifts the focus of analysis away from 
encoding (in memory) or acquisition (in learning) while experiencing noise, to a 
focus on storing the material to be remembered or learnt while asleep (compare to 

daytime noise effects on cognition as reported by Hygge, Evans and Bullinger, 2002; 
Stansfeld et a l., 2005). Thus, assuming that people a re mainl)' asleep at night, all cog
nitive work that relies on the intake of information, listening or reading is not relevant. 
In all, this suggests that studies of daytime noise levels cannot be used much to give 
rough estimates of the effects of night-time exp osure. 

4.7.3 COMPARING CHILDREN AND ADULTS 

How far can effects of daytime noise levels on children be generalized to give a rough 
estimate of the effects on adults? Are children more sensitive? Judging from earlier day
time studies of children and adults doing the same cognitive tasks while exposed to noise, 
children are not more sensitive than adults to noise (Boman, Enmarker and Hygge, 
2004), but the)' perform at a lower level than the adu lts both in noisy and in quiet envi
ronments. Thus, it could be sa id that children are not more vulnerable to (daytime) noise 
in relation to cognitive performance, but since so much more cognitive work is expected 
from children while in school, their learning environment and their cognitive tasks can 
be sa id to be more noise vulnerable than corresponding environments for adults. 

4.7.4 NOISE AND AFTER-EFFECTS 

An argument can be made for noise as a st ressor leading to reduced motivation 
{Glass and Singer, 1972), which in turn may act as a mediator of impaired cognitive 
performance. Along this line of reasoning, night-time noise may be more potent in 
inducing reduced motivation than daytime noise, but for the time being this is only 
a conjecture and has not been tested. 

4. 7.4.1 The role of restoration 
Noise can be viewed both as a source of stressful demands and as a constraint on 
restoration. Noise levels and noise sources that are not by themselves particularly 
demanding during the waking hours of the day, may nevertheless be quite effective 
in blocking and constraining when they appear in periods meant to be restorative, 
such as sleep (Hartig, 2004). To what extent this idea is applicable to night-time 
noise exposure has not yet been explored. 

4. 7.4.2 Noise and communication 
Some of the difficulties with children's responses to noise are related to problems in 
speech perception. A metric that weights night-time exposure more heavily is, in fact , 
less useful since children's auditory processing w ith parents and teachers is obvious
ly more critical during waking hours. 

4.8 EFFECTS ON PSYCHIC DISORDERS 
Noise exposure at night may be more disturbing than daytime noise because it inter
feres with rest and sleep at a time when people want to relax. It seems plausible that 
night-time noise might have a particular effect on mental health. However, there is lit-
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tie direct research into night-time noise and mental health and it is first necessary to 
consider the evidence for environmental noise and mental health in genera l. The asso
ciation between noise and mental health has been examined using a variety of out
comes including (at the simplest level) individual symptoms, as well as psychiatric hos
pital admission rates, use of health services and psychotropic medication, and commu
nity surveys. 

4 .8 .1 TRANSPORTATION NOISE AND MENTAL HEALTH 

Sources of transportation noise that have been studied in relation to mental health 
include road traffic noise and aircraft noise. Studies relating to each type of noise 
will be considered in turn. 

4.8.1.1 Road traffic noise 
The association between road traffic noise exposure and psychological distress has 
been studied in the small town of Caerphilly, South Wales. In the cross-sectional 
results, no association was found between the initial level of road traffic noise based 
on traffic noise maps, in terms of L,q referring to the period 06 .00-22.00, and minor 
psychological distress, measured by the General H ealth Questionnaire (GHQ), a 
screening questionnaire for depression and anxiety, even after adj usrment for socio
demographic factors (Stansfeld et al, 199 3 ). In longitudinal analyses in the 
Caerphilly Stndy, no association was found between road traffic noise and psycho
logical distress, even after adjustment for sociodemographic factors and baseline 
psychological distress, although there was a small non-linear association of noise 
with increased anxiety scores (Stansfeld et al, 1996). 

The disadvantage of the Caerphilly study is that it relied on one location with not 
very high levels of traffic noise. In a secondary ana lys is of a large British road traf
fic noise study, which rook into account multiple noise exposure sires, the noise level 
in dB(A) exceeded for 10% of the time was weakly associated with a menta l health 
symptoms scale of five items adjusting for age, sex, income and length of residence 
(Halpern, 1995). Weaker associations between traffic density and the mental health 
symptoms scale may relate to the skewed distribution of this traffic density variable. 
It seemed that traffic noise was more impo rtant than traffic flow. The scale used 
included some clear mental health items but also some that were less obviously relat
ed to mental health. It may be questioned whether the reported association between 
no ise level and mental health symptoms was actually due to noise exposure; adjust
ment for the amount of "noise heard" reduced the association very little, suggesting 
no causal association with noise, but it is likely that there was a good deal of error 
in the measurement of this variable, reducing its validity. 

Ir may be that the peak noise level is a better indicator of environmental noise hea rd 
indoors than noise measures averaged over time and that peak levels are a crucial 
indicator for mental health. Furthermore, in a road traffic noise study in Belgrade, 
253 residents exposed to road traffic noise levels of >65dB(A), with high levels both 
day and night (Leq 76.5 in the day, 69.5 at night in the noise-exposed area), experi
enced significantly more fatigue, depression, nervousness and headaches, compared 
to residents exposed to <55dB(A) (Belojevic and Jakovlj evic, 1997). Sleep quality 
was also found to be worse among the inhabitants of noisy streets, compared to 
inhabitants of quiet streets, and those living in noisy streets had more difficulties 
falling asleep, more night awakenings and more pronounced tiredness after sleep. 
However, there were no differences in rime taken to fa ll asleep or to go back to sleep, 
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duration of sleep or consumption of sleeping pills between noise-exposed and non
exposed residents. A great methodological advantage o f this study was that the high 
and low noise exposure areas were homogenous for age, sex, employment and sub
jective noise sensitivity. A community study in 366 Japanese women suggests that 
road traffic noise only has effects on depression, fatigue and irritability above a 
threshold of 70 dB(A) (Yoshida et al., 1997). H owever, it is difficult to be confident 
of the results of these ana lyses as they were unadjusted for age or social deprivation. 
Milder psycho logical states such as health functioning and well-being have also been 
examined in the first srage of an intervention study on the effect of introducing a 
bypass to relieve traffic congestion in a small town in North Wales (Stansfeld, Haines 
and Brown, 2000). Health functioning was measured by the SF-36 General Health 
Survey (Ware and Sherbourne, 1992), includ ing dimensions of general health status, 
physical functioning, general mental health and social functioning. Ninety-eight 
respondents were studied who lived on a busy high street with traffic noise levels 
varying between 72 and 75 dBA o utdoor Leq· These respondents were compared 
with 239 control subjects living in adjacent quieter streets (noise level 55-63 dB(A) 
o utdoor Leq). Although subjects were well-matched on age, sex, housing insulation, 
rnr ownership and employment status, they were not so well-marched on proportion 
of manual workers, household crowding, depriva tion and home ownership. There 
was no evidence that respondents exposed to higher levels of road traffic noise had 
worse health functioning than those exposed to lower levels of the noise, adjusting 
for levels of deprivation. 

Another method o f assessing mental health effects related to noise exposure is to use 
an indirect indicator such as medication use. In five rural Austrian communities 
exposed to road traffic noise, noise levels above 55 dB(A), including increasing 
night-time exposure to noise from trucks, were associated with increased risk of tak
ing sleeping tablets (OR = 2.22 [CI, 1.13-4.38]) and overall prescriptions (OR = 

3.65 IC!, 2.13-6.26]) relative to road traffic noise exposure less than 55 dB(A) 
(Lercher, 1996). This suggested effects at fairly low noise levels. In this case mental 
ill health may be secondary to sleep disturbance, which is li kely to occur at lower 
nocturnal noise levels than mental health symptoms resulting from daytime noise 
exposure. As this occurred in a rural setting where road traffic was the predominant 
source of noise it would be interesting to replicate these findings in other settings. 

4.8.1.2 Road traffic noise and mental health in children 
Noise exp osure and mental health has also been studied in children w here child self
reported mental health on a standard scale and teacher ratings of classroom adjust
ment in response to motorway, road and rail noise were measured in a large sample 
of 8-1 1-year-old Austrian primary school children and in a second stage sample of 
extreme noise-exposed groups. Noise exposure was significantly associated with 
classroom adjustment scores but, intriguingly, child self-reported mental ill health 
was only impaired in noisy settings for children o f low birth weight and preterm 
birth (Lercher et a l. , 2002). 

4.8.1.3 Aircraft noise 
Community surveys have found t hat high percentages of people reported 
" headaches", "restless nights", and "being tense and edgy" in high aircraft noise 
areas (Kokokusha, 1973; Finke et al., 1974; Ohrstrom, 1989 ). An explicit link 
between aircraft noise and symptoms emerging in such studies raises the possibility 
of a bias towards over-reporting of symptoms (Barker and Tarnopolsky, 1978). 
Notably, a study around three Swiss airports (Grandjean et al. , 1973 ), did not men
tion that it was re lated to aircraft noise and did not find any association between the 
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level of exposure to aircraft noise and symptoms. In the West London Survey, "tin
nitus" , "burns, cuts and minor accidents", "ear problems" and "skin troubles" were 
all more ..:ommon in areas of high noise exposure (Tarnopolsky, Watkins and Hand, 
1980). Acute symptoms such as "depression", "irritability", " difficulty getting off to 
sleep", " night waking", "skin troubles", "swollen ankles" and "burns, cuts a nd 
minor ac..:idents" were particularly ..:ommon in high noise areas. However, apart 
from "ear problems" and "tinnitus", 20 out of 23 chronic symptoms were more 
common in low noise environments. Symptoms did not increase w ith increasing lev
els of noise. This is possibly related both to more social disadvantage and associat
ed ill health among residents in low aircraft noise exposure areas and the possible 
unwillingness of chroni..:ally unhealthy individuals to move into potentially stressful 
high noise exposure areas. Nevertheless, it would not exdude an effea of noise in 
causing some acute psychological symptoms. As the majority of aircraft noise expo
sure is during the day, daytime exposure is likely to have greater effects than night
time exposure. Many of the effects of noise in industrial and teaching settings may 
be related primarily to disturbances in communication. 

4 .8 .2 NOISE EXPOSURE AND MENTAL HOSPITAL ADMISSION 
RATES 

Much of the concern with the possible effects of noise on mental health began with 
the study of admissions to psychiatric hospitals from no isy areas. Early studies found 
associations between the level of aircraft noise and psychiatri..: hospital admissions, 
both in London (Abey Wickrama et al. , 1969) and Los Angeles (Meecham and 
Smith, 1977). These results have been criticized on methodological grounds 
(Chowns, 1970; Frer ichs, Beeman and Coulson, 1980) and a replication study by 
Gattoni and Tarnopolsky (1973) fa iled to confirm these findings. Jenkins et al., 
(1979) found that age-standardized admission rates to a London psychiatric hospi
tal over four years were higher as the level of noise of an area de..:reased, but lower 
noise areas were also central urban districts, where high admission rates would be 
expected. In a further extensive study of three hospitals (Jenkins, Tarnopolsky and 
Ha nd, 1981 ), high aircraft noise was associated with higher admission rates in two 
hospitals , but in all three of them, admission rates seemed to follow non-noise fac
tors more closely; the effect of noise, if any, could only be moderating that of other 
causal variables but not overriding them. Kryter (1990), in a re-analysis of the data, 
found "a more consistently positive relation between level of exposure to aircraft 
noise and admissions rates". Undoubtedly, the route to hospital admission is influ
en..:ed by many psy..:hoso..:ial variables that are more potent than exposure to noise. 
Therefore, whether or not noise causes psychiatric disorder is more suitably 
answered by studying a community sample. 

4.8.3 NOISE EXPOSURE AND PSYCHIATRIC MORBIDITY IN 
THE COMMUNITY 

In a community pilot study carried out in West London, Tarnopolsky et al. {1978) 
found no association between aircraft noise exposure anJ either GHQ scores 
(Goldberg, 1972) (dichotomized 4/5, low scorers/high scorers) o r estimated psychiatric 
cases (Goldberg ct al., 1970). This was the case even when exposure to road traffic 
noise was ..:ontrolled, ex..:ept in three subgroups: persons "aged 15-44 of high edu..:a
tion" (41 %, 14% p<0.05), "women aged 15-44" (30%, 13% n.s.), and those in "pro
fessional or managerial occupations". The authors expressed the guarded opinion that 
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noise might have an effe<.:t in causing morbidity within certain vulnerable subgroups. 
In the subsequent West London Survey of Psychiatric Morbidity {Tarnopolsky, 
Morton-Williams and Barker, 1980), 58 85 adults were randomly selected from with
in four aircraft noise zones, according to the Noise and Number Index. No overall 
relationship was found between aircraft noise and the prevalence of psychiatric mor
bidity either for GHQ scores or for estimated numbers of psychiatric cases, using var
ious indices of noise exposure. However, there was an association between noise and 
psychiatric morbidit)' in two subgroups: "finished full-time education at age 19 years 
+", and "professionals" . These two categories, which had a strong association with 
each other, were combined and then showed a significant association between noise 
and psychiatric morbidity {X2 = 8.18, df 3 p<0.05), hut only for the proportion of high 
GHQ scorers. Tarnopolsky, Morton-Williams and Barker (1980) concluded that their 
results "show so far that noise per se in the community at large, does not seem to be 
a frequent, severe, pathogenic factor in causing mental illness but that it is associated 
with symptomatic response in selected subgroups of the population". 

More recent studies have examined the effects o f higher levels of military aircraft 
noise. Exposure to higher levels of military aircraft noise around the busy Kadena 
military airport in Japan was related in an exposure-effect association to depressive
ness and nervousness measured by questionnaire using the Todai Health Index, 
based on the Cornell Medical Index {Ito et a l. , 1994 ; Hiramatsu et al., 1997). Mental 
health subscales included in this study measured depressiveness, nervousness, neuro
sis, and mental instability. Noise level was expressed as WEC PNL (the power aver
age of the maximum perceived noise exposure level in dB(A) ) from 75-79, 80- 84, 
85- 89, 90-94 and over 95). In unadjusted analyses, statistically significant differ
ences were found in scores of depressiveness, nervo usness and neurosis between the 
non-noise exposed control group and the pooled group exposed to 75- 95 WECPNL. 
In multivariate analysis adjusting for age, sex, marital status, type of house and 
length of residence, noise exposure greater than 95 WECPN L was associated with 
higher s..:ores on depressiveness and neurosis (Hiramatsu et al., 1997). Clear expo
sure-effect relationships were not found between scale scores and noise exposure, as 
expressed in five unit steps. However, using more broadly defined groups, an expo
sure- effect association was evident. This highlighted differen<.:es between the h ighest 
noise exposure group and lower exposure groups and indicated a threshold effect 
rather than a linear relationship - that mental health effects are more likely to be 
found at higher noise levels. In general, psychologi..:a l rather than somatic sympto ms 
were more related to noise in this study. Furt her analyses of the Japanese studies sug
gest that high levels of military aircraft noise may have effects on mental health. In 
a cross-se..:tional study of 5963 inhabitants aro und two air bases in Okinawa, those 
exposed to noise levels of Ldn 70 or above had higher rates o f " mental instability" 
and depressiveness (Hiramatsu et al., 2000). Those who were more annoyed showed 
a higher risk o f mental or somatic symptoms. A further survey using similar method
ology on 6486 respondents found exposure-effect associations between aircraft 
noise exposure, nervousness and mental health {lv1iyakita et al. , 1998). These are 
important studies because of the opportunity to examine the effect of high noise
exposure levels and the probability that vulnerable people migrating out of noisy 
areas and thus biasing the sample was small. 

The use of health services has also been taken as a measure of the relationship 
between noise and psy..:hiatric disorder. Grandjean et al. (1973) reported that the 
proportion of the Swiss population taking drugs was higher in areas with high lev
els of aircraft noise and Knipschild and Oudshoorn (1977) found that the purchase 
of sleeping pills , antac ids, sedatives and antihypertensive drugs all increased in a vii-
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lage newly exposed to aircraft noise, but not in a "control" village where the noise 
level remained unchanged. In both studies, there was also an association between the 
rate of contact with genera l practitioners and level of noise exposure. In the 
Heathrow study (Watkins, Tarnopolsky and Jenkins, 1981 ), various health care indi
cators were used - use of drugs, pa rticula rly psychiatric or self-prescribed, visits to 
the GP, attendance at hospital , and contact with various community services - but 
none of these showed any clear trend in relation to levels of noise. A recent study 
found that the use of sleeping tablets and sedatives was elevated with increasing 
night-time noise exposure, especially in the elderly (Passchier-Vermeer et a l. , 2002). 
This has been judged to be "sufficient" evidence of a noise effect (Health Council of 
the Netherlands, 2004 ). 

4.8.4 AIRCRAFT NOISE EXPOSURE AND MENTAL HEALTH IN 
CHILDREN 

Poustka, Eckermann and Schmeck (1992) studied the psychiatric and psychosomat
ic health of 1636 children aged 4-16 in two geographical regions that d iffered 
according to the noise made by jet fighters frequently exercising at low altitude. 
Psychological and neurological o utcomes were not related to noise exposure. They 
found that associations between no ise exposure and depression and anxiety could be 
demonstrated, but only beneath the threshold of clinical significance. These results 
are less convincing because the areas differed socioeconomically and the results were 
not adjusted for these factors and also because of lack of precision of the measures 
of noise exposure. However, in Munich, children living in areas exposed to high air
craft noise had lower levels of psychological well-being than children living in qui
eter environments (Evans, Hygge and Bullinger, 1995). The longitudinal data from 
around Munich showed that after the inauguration of the new airport, the newly 
noise-exposed communities demonstrated a significant decline in self-reported qual
ity of life measured on the Kindl scale, after being exposed to the increased aircraft 
noise for 18 months (third wave of testing) , compared with a control sam ple (Evans, 
Bullinger and H ygge, 1998). Impairment of "quality of life" is a less severe d istur
bance than impairment of mental health. Further studies have examined the effects 
of noise on child psychiatric disorders. 

Chronic aircraft noise exposure was not associated with anxiety and depression 
(measured with psychometrically valid scales), after adjustment for socioeconomic 
factors, in the Schools Health and Environment Study around Heathrow Airport 
(H aines et al., 2001a) . In a further larger study of children's health around Heathrow 
Airport - the West London Schools Study (Haines et al., 2001 b) - an association was 
found between aircraft noise exposure level and increased hyperactivity scores on the 
hyperactivity subscale of the Strength and Difficulties Questionnaire (Goodman, 
1997). These studies suggest that noise influences child mental health in terms of 
hyperactivity and that it may affect child stress responses and sense of well-being. 

4.8.5 NEIGHBOURHOOD NOISE AND MENTAL HEALTH 

Noise from neighbours is the commonest source of noise complaints to local author
ities in the United Kingdom (Chartered Institute of Environmental Health, 1999). 
Noise which is continuous, apparently indefinite, of uncertain cause or source, emo
tive o r frightening or apparently due to thoughtlessness or lack of consideration is 
most likely to elicit an adverse reaction (Grimwood, 1993). ln the 1991 BRE survey, 
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people most objected to barking dogs, banging doors, noise from radio, television, 
or hi-fi and human voices (Grimwood, 1993). In this survey, two types o f emotion
al response to noise were observed: outwa rdly directed aggression, characterized by 
feelings of annoyance, aggravation, bitterness and anger towards the source of the 
noise, and a more emotional response of tension, anxiety and feelings of pressure. 
These responses are reminiscent of the distinction between internalizing and exter
nalizing disorders. Whether noise from neighbours can induce psychiatric disorder 
has been little studied in community research, bt1t this is an area that deserves fur
ther study (Sransfeld, Haines and Brown, 2000) . 

Undouhtedly, prolonged exposure ro noise can be very upsetting, intrusive and inter
fering for sleep and everyday activities. In poorly built dwellings, especially apart
ments, even low intensity noises may be clearly audible through walls, floors, or ceil
ings (Raw and Oseland, 1991 ). In this situation, noise is destructive of privacy, espe
cially for those living alone, and may be associated with pen;eptions of threat or 
increase a sense of isolation. This may be especially the case among people who are 
chronically anxious and likely to complain of sensitivity to noise; prolo nged no ise 
exposure may make them more anxious and unhappy. Often, this leads ro arguments 
with neighbours, leading to a breakdown of neighbourly relationships and further 
isolation which may well in itself have a bad effect on mental health. Occasionally, 
this may be a sign of feelings of persecution associated with psychotic illness in 
which noise exposure is just an external trigger of an internally generated condition. 

4.8.6 MECHANISMS F'OR CAUSAL LINKS BETWEEN NOISE 
AND MENTAL HEALTH 

What might the m echanism be for the effects of noise on mental health? One way to 
approach this is through the effects of noise on cognitive performance where the lab
oratory evidence of effects is fairly robust (Smith and Broadbent, 1992). Effects of 
noise on mental health might be expected because there is evidence that noise 
impairs other aspects o f human functioning, such as performance (Loeb, 1986) and 
sleep, that are important in maintaining normal functioning, and that noise causes 
adverse emotional reactio ns such as annoyance. In general, it seems that noise expo
sure increases arousal, and decreases attention through distraction (Broadbent, 
1953), increases the need for focusing attention to cur out irre levant stimuli (Cohen 
and Spacapan , 1978), as well as altering choice of task strategy (Smith and 
Broadbent, 1981). Even relatively low levels of noise may have subtle ill effects, and 
in this respect, the state o f the person at the time of performance may be as impor
tant as the noise itself (Broadbent, 1983). Individuals' perception of their degree of 
control over noise may also influence whether it impairs memory (Willner and 
Neiva, 1986) while perception of lack of control over environmental conditio ns may 
be an important mediator of health effects. 

Additionally, noise may a lso affect social per formance as: (1 ) a stressor causing 
unwanted aversive changes in affective state; (2) by masking speech and impairing 
com munication; and (3) by distracting attention from relevant cues in the immedi
ate. social environment (Jones, Chapman and Auburn, 1981). It may be that people 
whose performance strategies are already limited for other reasons (for instance 
through high anxiety) and who are faced with multiple tasks may be more vulnera
ble to the masking and distracting effects of noise. 

The mechanism for the effects of noise on health is generally conceptualized as fi r-
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ting the stress-diathesis model, in which noise exposure increases arousal, and 
chronic exposure leads to chronic physiological change and subsequent health 
effeas. It is not dear, however, whether this model is appropriate for mental health 
effects. A more sophisticated model (Biesiot, Pulles and Stewart, 1989; Passchier
Vermeer, 1993) incorporates the interaction between the person and their environ
ment. In this model, the person readjusts their behaviour in noisy conditions to 
reduce exposure. An important addition is the inclusion of the appraisal of noise (in 
terms of danger, loss of quality, meaning of the noise, challenges for environmental 
control, etc.) and coping (the ability to alter behaviour to deal with the stressor). 
This model emphasizes that dealing with noise is an active not a passive process. 

4.8.7 HABITUATION TO NOISE AND MENTAL HEALTH 

It is likely that mental health effects arise from persistent exposure to noise over a long 
period of time. But do people habituate or adapt to noise over time? In some studies peo
ple do seem to adapt to noise and no longer notice noise that they are frequently exposed 
to. On the other hand, in some studies of annoyance there seems to be little evidence of 
adaptation (Cohen and Weinstein, 1981). It may be that, as in physiological studies, a 
fai lure of adaptation occurs if the stimulus is novel, salient or implies threat. The devel
opment of mental health symptoms implies a fa ilure to habituate to noise, or at least to 
adapt to noise. In some studies control over noise or active coping with noise rather than 
passive emotion-focused coping is related to lower levels of symptom (van Kamp, 1990). 
Habituation has not been formally studied in relation to noise and mental health . 

4.8.8 RISK GROUPS FOR MENTAL HEALTH EFFECTS FROM 
NOISE 

One way to look at susceptibility to noise is to think about groups in the population 
who may be more susceptible to noise, for instance people with existing physical or 
mental illness tend to be more highly annoyed by noise and potentially could be vul
nerable to mental health effects. Similarly, people with hearing impairment may be 
vulnerable to communication difficulties in noisy environments that could increase 
the risk of mental health symptoms. People who report that they are sensitive to 
noise tend to be more prone to noise annoyance and may be more at risk for com
mon mental disorders (Stansfeld et al. , 2002). 

4.8.9 POPULATION GROUPS AT RISK FOR MENTAL HEALTH 
EFFECTS FROM NOISE 

There is some evidence that children are more vulnerable to the menta l health effects 
of noise than adults in terms of prematurity, low birth weight and through scoring 
higher on hyperactivity. There is no consistent evidence of age, social dass, ethnic or 
gender differences in susceptibility to mental health effects from environmental noise. 

4.8.10 NOISE SENSITIVITY 

Noise sensitivity, based on attitudes to noise in general (Anderson, 1971; StansfelJ, 
1992), is an intervening va riable which explains much of the variance between expo
sure and individual annoyance responses (Weinstein, 1978; Langdon, Buller and 
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Scholes, 1981; Fields, 1993 ). Individuals who are noise-sensitive are also likely to be 
sensitive to other aspects of the environment (Broadbent, 1972; Weinstein, 1978; 
Thomas and Jones, 1982; Stansfeld et al., 1985a}. This raises the question as to whether 
noise-sensitive individuals are simply those who complain more about their environ
ment. Certainly, there is an association between noise sensitivity and neuroticism 
(Thomas and Jones, 1982; Ohrstrom, Bjorkman and Rylander, 1988; Jelinkova, 1988; 
Belojevic and Jakovljevic, 1997; Smith, 2003), although it has not been found in all 
studies (Broadbent, 1972). On the other hand, Weinstein (1980) hypothesized that noise 
sensitiviry is part of a critical/uncritical dimension, showing the same association as 
noise sensitivity to measures of noise, privacy, air pollution and neighbourhood reac
tions. He suggested that the most critical subjects, including noise-sensitive people are 
not uniformly negative about their environment, but more discriminating than the 
uncritical group, who comment uniformly on their environment. 

Noise sensitivity has also been related to current psychiatric disorder (Bennett, 1945; 
Tarnopolsky, Morton-Williams and Barker, 1980; Iwata, 1984). Stansfeld et al. 
(1985) found that high noise sensitivity was particularly associated with pho bic dis
orders and neurotic depression, measured by the Present State Examination (Wing, 
Cooper and Sartorius, 1974). Similar to this association with phobic symptoms, noise 
sensitivity has also been linked to a coping style based on avoidance, which may have 
adverse health consequences (Pulles, Biesiot and Stewart, 1988) and a tendency to 

report health complaints rather than take a more active coping approach to noise 
(Lercher and Kofler, 1996). Noise sensitivity may be partly secondary to psychiatric 
disorder: depressed patients followed over four months became less noise-sensitive as 
they recovered (Stansfeld, 1992). These "subjective" psychological measurements 
were complemented by an "objective" psychophysiological laboratory investigation 
of reactions to noise in a subsample of depressed patients. Noise-sensitive people 
tended to have higher levels of tonic physiological arousa l, more phobic and 
defence/sta rtle responses and slower habi tuation to noise (Stansfeld, 1992). Thus, 
noise-sensitive people attend more to noises, discriminate more between noises, find 
noises more threatening and out of their control, and adapt to noises more slowly 
than people who are less sensitive. Through its association with greater perception of 
environmental threat and its links with negative affectivity and physiological arousal, 
noise sensitivity may be an indicator of vulnerability to minor psychiatric disorder, 
although not necessarily psychiatric disorder caused by noise {Stansfeld, 1992). 

In analysis of a subset of noise-sensitive women, compared to less sensitive women in 
the West London survey, there was no evidence that aircraft noise exposure predict
ed psychiatric disorder in the sensitive women {Stansfeld et al., 1985). In the 
Caerphilly study, noise sensitivity predicted psychological distress at follow-up after 
adjusting for base line psychological distress, but did not interact with the noise level , 
suggesting that noise sensitivity does not specifically moderate the effect o f noise on 
psychological distress {Stansfeld et al., 1993). However, in further analyses, a statisti
cally significant association between road traffic noise exposure and psychological 
distress, measured by the General Health Questionnaire (GHQ), w as found in noise
sensitive men, that was not found in men of low noise sensitivity (Stansfeld et al., 
2002). In the original analyses, after adjusting for trait anxiety at baseline, the effect 
of noise sensitivity was no longer statistically significant. This suggests that much of 
the association between noise sensitivity and psychological distress may be account
ed for by the confounding association with trait anxiety. Constitutionally anxious 
people may be both more aware of threatening aspects of their environment and mo re 
prone to future psychiatric disorder. It seems possible that these traits might be linked. 
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In a United Kingdom community study, associations were examined between noise 
exposure, noise sensitivity, subjective symptoms and sleep disturbance in a random 
sample of 543 adults (Smith, 2003). Perceived noise exposure was related to subjec
tive health, but this association became non-significant after adjustment for negative 
affectivity. In a similar way, adjustment for negative affectivity eliminated the associ
ation between noise sensitivity and subje..:tive health. Thus, it was suggested that noise 
sensitivity was merely a proxy measure of negative affectivity or n euroticism. 
However, although this means that noise sensitivity is not specific to noise, the more 
recent analyses suggest that high levels of trait anxiety or neuroticism may be an indi
cator of vulnerability to noise effe..:ts and could put people at risk of adverse psycho
logical effects from noise, even if they do not increase the risk of physica l ill hea lth. 

4.8.11 MENTAL HEALTH CONSEQUENCES OF INSOMNIA 

Transient insomnia is usually accompanied by reports of daytime sleepiness and per
formance impairment the next day. Chronic insomnia is generally associated with 
poorer emotional and physical health. Several large-s..:ale epid emiologi..:al studies of 
the general adult population have shown that between one third and one half of peo
ple who complain of chronic insomnia are also diagnosable with primary psychiatric 
disorders, mostly anxiety and mood disorders. M ellinger, Balter and Uhlenhuth 
(1985) found that 17% of adults reported "a lot" of trouble falling asleep or stay
ing asleep over the past year; 4 7% of them had high levels of psychological distress, 
with symptom complexes suggestive _of depression and anxiety disorders. In con
trast, only 11 % of individuals with no history of insomnia showed elevated levels of 
psychiatric symptoms. In a survey of almost 8000 individuals, Ford and Kamerow 
(1989) reported that 10% had suffered from signifi<:ant insomnia for at least a two
week period during the previous six months; 40% of the insomniacs met criteria for 
psychiatric disorders, with the majority being anxiety disorders and depression; only 
16% of those with no sleep complaints had psychiatric illness. 

Breslau et a l. (1996) found a strong correlation between lifetime prevalence of sleep 
problems and psychia tri<.: disorders, with anxiety, depression, and substan<.:e abuse 
d isorders being the most common. Similar results have been found by Vollrath, Wicki 
and Angst (1989), Chang et al. (1997) and Dryman and Ea ton (1991). In a large-scale 
European population-based study (Ohayon and Roth, 2003), it was found that 
insomnia more often precedes ra ther than follows incident cases of mood disorders. 

Insomniacs nor only have higher rates of psychiat ric disorders, but they also have 
increased rates of various kinds of psychological symptoms: p atients with insomnia 
reported increased psychological stress and/or decreased ability to cope with stress 
a..:cording to surveys of the Ameri..:an (Roth and Ancoli-lsrael, 1999) and Japanese (Kim 
et a l., 2000) population. Almost 80% of insomniacs had a significant increase on one or 
more clinical sca les on the Minnesota M ultiphasic Personality Inventory (MMPI) 
(Kalogjera-Sackellares and Cartwright, 1997). Even people whose insomnia was due to 
identified medical factors showed elevation on the M.iVIPI, suggesting a possible causal 
relationship or specific association between insomnia and psychiatric symptomatology. 
Compared to good sleepers, severe insomniacs reported more medical problems, had 
more GP offi..:e visits, were hospitalized twice as often and used m ore medication. Severe 
insomniacs had a higher rate of absenteeism, missing work twice as often as did good 
sleepers. They also had more problems a t work (including decreased con..:entration, dif
fi..:ulty performing duties and more work-related accidents) (Leger et al., 2002). 
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4 .8 .12 INSOMNIA AS A MENTAL HEALTH SYMPTOM 

Insomnia is a sympto m of many psychiatric disorders, especially depression and 
anxie ty. In stud ies o f depressed patients compared to control subjects, there was 
prolonged latency to sleep, increased wakefulness d uring sleep, ea rly morning 
wakening, decreased sleep efficiency a nd reduced total sleep t ime. There is also 
evidence tha t inso mnia may be a risk factor for developing depression (Riemann, 
Berger and Voderholzer, 2001; Roberts, Roberts and Chen, 2002). This ra ises 
the questio n as to whether prolo nged noise exposure lead ing to insomnia pro
vo kes the onse t o f depression in suscep tible people ? This seems theoretically 
possible, but there is little evidence to support it. In a longitudinal study of a do
lescents, it was the ot her way round - that depressive symptoms preceded the 
o nset of insomnia (Parro n et al, 2000 ). Delayed sleep latency in children has 
been linked to increased externalizing symptoms including aggressive behaviour, 
a nd impa ired attentio n and social problems (Aronen et al. , 2000) . In this cross
sectio na l study, the direction of association was uncertain , bur it seems most 
pl ausible that the sleep disturbance is a fea ture of the behavioural disturbance 
rather than a ca use o f it. T hree criteria have been suggested for sleep di sturbance 
to be environmentally determined: (1 ) the sleep problem is tempo rally associat
ed with the introd uction o f a physically measurable stimulus or definable set of 
environmental ci rcumsta nces; (2) the physical rather tha n the psycho logical 
p roperties o f the environmental factors are the critical causative elements; a nd 
(3 ) remo va l of the responsible factors resu lts in an immediate or gradua l retu rn 
to norma l sleep and wa kefuln ess (Kraenz et a l. , 2004 ). Most s tudies d o not ful
fil these criter ia. In a German school-based st ud y of 5- 6-year-old child ren, sleep 
d isturbance by no ise, largely from road traffic, was repo rted "sometimes" in 
10°/,, by pa ren ts of children and 2% "often" . C hildren's rep orts were s lightly 
higher: "sometimes" in 12% and 3% "often" (Kraenz er al. , 2004). Further lon
gitudinal research is needed to ascerta in whether noise-induced insomnia leads 
on to overt psychi atric disorder. 

In summary, popula tion as well as clinic-based studies have demon strated a high 
ra te of psychiatric mo rbidities in patients with chronic insom nia. It has t rad i
tionally been assumed that insomnia is secondary to the p sychiatric disorders; 
however, it is possible that in some cases the insomnia preceded the psychiatric 
disorder. 

4.8.13 DEPRESSIVE EPISODE AND ANXIETY DISORDERS 

A mild depressive episode is diagnosed by clinical interview. T he criteria fo r a 
mild depress ive episode include two or more symptoms of depressed mood, loss 
of interest or fati gue lasting a t least two weeks, with two or three symptoms sui:h 
as reduced co ncentra tion , reduced self-esteem, ideas of guilt , pessimism about the 
future, suicida l ideas or acts, disturbed sleep, diminished appetite and social 
impairment, and fewer than four symptoms including lack of normal pleas
ure/interest, loss o f normal emotional reactivity, wa king =>2 ho urs early, loss o f 
libido, diurna l va riatio n in mood, diminished appetite, loss of =>5% bod y 
weight, psychomotor agitation or psycho mo tor retardation. 

Anxiety disorders are similar ly diagnosed by clinical interview. The criteria for 
"generalized anxiety disorders" include d uration of a t least six months o f free
floating anxiety and autono mic overactivity. 
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4.8.14 ASSOCIATIONS BETWEEN INSOMNIA AND 

Table 4 .3 
Insomnia as a 

predictor of 
psychiatric 

disorder 

PSYCHIATRIC DISORDERS 

At the present time, exposure- effea associations have not been establ ished between 
parameters of sleep disturbance (number of behavioural awakenings, body move
ments or EEG awakenings) and the onset of depressive a nd anxiety disorders, 
although there is some evidence that insomnia is a risk factor for developing depres
sion (Riemann, Berger and Voderholzer, 2001; Roberts, Roberts and Chen, 2002). A 
number of longitudinal prospective studies in different age groups have found asso
ciations between self-reports of insomnia and the subsequent onset of psychiatric 
disorder, in particular major depression. A selection of the most important studies 
and their findings are outlined in Table 4.3 below. 

Study 

Ford and 
Kamerow, 
1989 

Breslau et 
al., 1996 

Chang et 
al. , 1997 

Roberts, 
Roberts 
and Chen, 
2002 

Sample 
size 

7954 

1200 

1053 

3136 

Sample 

Community 
sample 

21- 30 years 
members of 
health 
maintenance 
organization 

M ale 
medical 
students 

11- 17 years 
from 
managed 
care rosters 

Follow-up Depression Results 
interval measure 

1 year Diagnostic Risk of 
interview developing new 
schedule depression for 

insomnia o n two 
occasions: 
[OR=39.8, 95% 
CI 19.8-80.0) 

3 years Diagnostic RR for new 
interview onset major 
schedule depression 

associated 
with baseline 
insomnia 
[RR=4.0, 95% 
CI 1.5-5.6] 

34 years Clinical RR for clinical 
(median) depression depression for 

those who 
reported insom-
nia at medical 
school [RR= 2.0, 
95% CI 1.2-3.3) 

1 year Diagnostic Fully adjusted 
interview OR for insomnia 
schedule in waves 1 and 2 
for children for depression 
major at follow-up 
depression [OR=l.92, 95% 
module CI 1.30-2.82) 

4 .8 .15 CONCLUSIONS: ASSOCIATIONS BETWEEN NOISE AND 
PSYCHIATRIC DISORDERS 

The effects of noise a re strongest for those outcomes that, like annoyam:e, can be 
classified under "quality of life" rather than illness. What they lack in severity is 
made up for in numbers of people affected, as these responses are very widespread. 
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Current evidence does seem to suggest that environmental noise exposure, especially at 
higher levels, is related to mental health symptoms and possibly raised anxiety and 
consumption of sedative medirntion, but there is little evide1Ke that it has more seri
ous effects. Further research is needed on mental health effects at very high noise lev
els. Existing studies may be confounded either by prior selection of subjects out of (or 
into) noisy areas as a result of noise exposure, or by confounding between noise expo
sure, socioeconomic deprivation, and psychiatric disorder. It is also possible that peo
ple underestimate or minimize the effects of noise on health through optimism bias 
(Hatfield and Soames Job, 2001) and that this is particularly protective for mental 
health. 

The evidence is not strong for the association between noise exposure and mental ill 
health. What evidence there is suggests that noise exposure may be responsible for psy
chological symptoms above 70 dB{A) Leq· Almost all studies have only examined the 
effects of daytime noise on mental health, but it is possible that night-time noise, dur
ing sleep time, may have effects on mental health at lower levels than daytime noise. 

The most powerful evidence of noise on mental health comes from studies of military 
aircraft noise. There is also some evidence that intense road traffic noise m ay lead to 
psychological symptoms. There is no evidence of any effects of railway noise on men
tal health. 

4.9 THE SEVERITY OF SELF-REPORTED SLEEP 
DISTURBANCE 

4 .9.1 INTRODUCTION 

In section 2.1.2 of Chapter 2 of this report, it is stated that sleep disturbance caused 
by noise may either be diagnosed {Environmental Sleep Disorder: ICSD 780-52-6) or 
self-reported. Although self-reported sleep disturbance is subjective by definition, its 
observed occurrence correlates with noise levels as wel l as with important diagnostic 
criteria for ICSD 780-52-6. It appears justified to consider self-reported sleep distur
bance as an impairment of health, especially if indicated by representative population 
samples in social surveys. Furthermore, section 4.1 of Chapter 4 of this report gives a 
quantitative relationship between noise level Lnight and the percentage of population 
that reports a disturbed sleep of high, medium or low disturbance intensity. 

But an open question concerns severity: even if night-time noise causes la rge percentages 
of the population to declare themselves as highly sleep-disturbed, this could neverthe
less represent an a lmost negligible loss of health, if the mean severity of self-reported 
sleep disturbance were negligible in comparison with commonly accepted diseases. 
Attempts have been made to give an answer to this important question, using WHO's 
concept of disability weights (Murray et al., 1996) as a basis for severity comparisons. 

4 .9.2 AN ASSESSMENT OF DISABILITY WEIGHTS 

A Swiss study {Miiller-Wenk, 2002) aimed at determining a disability weight for 
sleep disturbance due to road traffic noise. For this purpose, a description of road-
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noise-related sleep disturbance was set up: essentially, this stare of health was 
assumed to be present if a person indicated that, due to traffic noise, he or she, 
almost every night, had problems with falling asleep, with continuing sleep during 
the night or with early o r non-restorative waking in the morning. In addition, a list 
was established with already available disability weights (Murray et al., 1996; 
Stouthard et al. , 1997) for a selection of 28 diseases of various types, rnvering a 
range from very light severity to high severity (Miiller-Wenk 2002:65-66). All 64 
members of the medical staff of the Swiss Accident Insurance Institute (SUVA) were 
then asked in a written questionnaire to determine the hitherto unknown disability 
weight of sleep disturbance by interpolation, that is, by inserting sleep disturbance 
at the appropriate place between the presented 28 diseases that were sorted accord
ing to ascending disability weight. These participants were chosen because the physi
cians of the SUVA, besides being medical doctors, have a particularly high profes
sional know-how in comparing the severity of different types of disability. Forty-two 
questionnaires were completed, of which 41 were usable. 

From these questionnaires, an arithmetical mean of 0.055 of the d isability weight for 
sleep disturbance could be calculated, with a 95% confidence lim it of 0 .039 at the 
low end and 0.071 at the high end. This result can be illustrated by mentioning dis
eases from the catalogues of Murray et al. (1996) or Stouthard et al. (1997) with the 
same disability weight: hence the disability weight of the road-noise-related sleep dis
turbance is roughly the same as the disability weight of "chronic hepatitis B infec
tion without active viral replication", the latter having a mean disa bility weight of 
0.06 and a 95% confidence interval from 0.034 to 0.087. The low-end estimate of 
0.039 for sleep disturbance severity would correspond to the mean disability weight 
of "benign prostatic hypertrophy (symptomatic cases)", whilst the high estimate of 
0 .071 would correspond to the mean disability weight of "uncomplicated diabetes 
mellitus" . The conclusion is that the mean disability weight of road-noise-related 
sleep disturbance is not smaller (= less severe) than the disability weight of health 
impairments commonly recognized as diseases, and there is a strong overlap 
amongst the probability distributions of these disability weights. On the basis of the 
chosen disability weight 0.055 for self-reported sleep disturbance, and taking into 
account the current t raffic noise levels during the night in many European states, it 
is justified to consider noise-related sleep disturbance as a substantial loss of public 
health. 

4 .9.3 COMPARISON BETWEEN INSOMNIA AND SELF· 
REPORTED SLEEP DISTURBANCE 

T he original list of disability weights (Murray et al., 1996) did not contain any kind 
of non-normal sleep. In the meantime, WHO has published an extended list 
(Mathers et al., 2003, Annex Table 5a) containing a disability weight of 0.100 for 
insomnia (diagnostic code 307.42). This has opened a way to recheck the disability 
weight of 0.055 (Muller-Wenk, 2002), by asking a panel of medical professionals to 
compare, on the basis of disability weights, the mean severity of self-declared sleep 
disturbance due to road noise at night with the mean severity of insomnia. It may be 
debated whether it is more straightforward to compare two types of sleep anomalies 
with similar symptoms, or to compare self-declared sleep disturbance with various 
types of completely different diseases. But it makes sense anyway to use the compar
ison with insomnia as a second approach for determining the d isability weight of 
self-reported sleep disturbance. 
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This severity comparison between different sleep anomalies was made in 2005 by 
structured oral interviews, executed by a medical staff member of the sleep clinic of 
Kantonsspital St. Gallen (Switzerland), with 14 GPs sele..:ted at random from all GPs 
who had admitted patients to the sleep clinic during the nine preceding months. 
These patients were mainly suffering from OSAS. The question was as follows: 

"Could you p lease give us your opinion on the relative severity of three different 
cases of insomnia: 

1. (primary) insomnia, in our region usually called psychophysiological insomnia 
2. Obstructive Sleep Apnoea Syndrome (OSAS) 
3. traffic-noise-related sleep disturbance, that may occur with persons who are 

forced to sleep along through roads with nocturnal motor traffic. 

Your opinion should be based on the patients you have seen in your office late
ly, or on other persons of your social environment. When comparing the severi
ty of the health impairment, the focus should be above all on the person's condi
tion during the day after the sleep-disturbed night. The absolute value of the 
severity is less important for the current study than the relative severity amongst 
the three cases of insomnia. The opinion of the severity may be expressed on a 
linear scale from O (no impairment at a ll) to 10 (impairment almost unsupport
able). On the scale from Oto 10, you may give us your mean va lue of the sever
ity, or you may give us a span from a low to a high for the severity." 

All of the interviewed GPs gave their opinions, and the result is presented in Table 
4.4. 

Table 4.4 
Severity ratings (10 = almost insupportably disturbing, 0 = not in the least disturbing) 
by 14 GPs selected at random 

Primary insomnia OSAS (sleep apnoea) Sleep disturb.(noise) Ratio noise/ 
No Max Min Mean Rank Max Min Mean Rank Max Min Mean Rank nri 

10 6 4 5 3 8 6 7 1 8 6 7 1 1.40 
11 5 3 4 3 9 7 8 1 8 4 6 2 1.50 
12 5 3 10 1 7 8 7.5 2 1.50 
13 2 3 2.5 2 4 5 4.5 1 1 2 1.5 3 0.60 
14 3 2 6 1 1 2 1.5 3 0 .50 
15 8 2 9 1 6 3 0 .75 
16 8 1 7 2 4 3 0 .50 
17 5 1 5 1 3 3 0 .60 
18 2 3 2.5 2 6 1 1 2 1.5 3 0 .60 
19 8 1 3 2 2 3 0 .25 
20 6 2 7 1 4 3 0.67 
21 7 2 8 1 0 3 0.00 
22 4 3 5 2 6 1 1.50 
23 4 3 6 7 6.5 2 8 9 8.5 1 2 .13 

Mean 5.143 2.143 6.57 1.286 4.18 2.429 0.89 
Sioma 0.60 
Median 0.63 
Uo□er value 95% CJ. for mean 1.20 
Lower value 95% C.I. for mean 0.58 

Clearly, the severity judgements vary widely between the participating GPs. Apart 
from the differences in personal judgement, thi s variation is certainly influenced by 
the mix of patients visiting a particular GP. For instance, GP n umber 15 could have 
encountered one or two very serious cases of OSAS, whilst his/her experience with 
noise-rela ted sleep disturbance might refer to persons that were only moderately dis
turbed by night-time noise in their bedroom. On the other hand, number 22 could 

Noise/ 
J-.,A-., 

1.00 
0.75 
0.75 
0.33 
0.25 
0.67 
0.57 
0.60 
0.25 
0.67 
0.57 
0.00 
1.20 
1.31 

0.64 
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have had experience with persons suffering very much from sleep disturbance due to 

high traffic noise exposure, whilst his/her OSAS or primary insomnia patients 
happened to be light cases. One must accept that even GPs have a limited expe
rience with the whole range of cases o f each of the three types o f insomnia, so 
that their opinion on the mean severity of noise-related sleep disturbance, com
pared to the mean severity of OSAS or insomnia, is influenced by the randomness 
of their patient mix. 

Nevertheless, the table supports the fo llowing statements. 

• With respect to severity, the majority of GPs rank no ise-related sleep disturbance 
lower tha n insomnia and O SAS, while three of them put noise-related sleep dis
turbance in the first rank. Only one of the participants (number 21 ) considers 
noise-related sleep di sturbance as a fully negligible disturbance. 

• The severity ratio between noise-related sleep disturbance and insomnia varies 
between 0 and 2.1. Seven of the fourteen GPs indicate a severity ratio between 0.5 
and 0. 7 5, that is to say that half the participants are of the opinion that the sever
ity of no ise-related sleep disturbance amounts to 50-75% of the severity of 
msomma. 

• The mean of th is severity ratio is 0.89, with a standard deviation {sigma) of 0.60. 
The confidence interval (CI) for the mean goes from 0.58 to 1.20. The median of 
the severity ratio is 0.63. The distribution is skewed to the right. 

The severity ratio developed above can be used as a proportionality factor between 
the known disability weight for insomnia and the required disabilit)' weight for self
reported sleep disturbance. Bearing in mind that the already existing WHO d isabil
ity weight for insomnia is 0.10, a best guess for the mean disability weight for self
reported sleep disturbance due to road traffic noise a t night is therefore 0.089, with 
a CI from 0.058 to 0.12. 

4 .9.4 CONCLUSIONS 

According to the two groups of interviewed medical professionals, persons that 
declare themselves to be chronically deprived of normal sleep by road traffic noise 
have a health sta te whose mean disability weight is comparable to "chronic hepati
tis B infection without active viral replication" or higher. Irrespective of the question 
whether self-reported sleep disturbance is formally recognized as a disease or not, its 
severity is comparable to commonly accepted diseases. 

The best estimate for a mean disability weight for self-reported sleep disturbance due 
to road traffic noise was 0.05S (Cl: 0.039; 0.071) according to Muller-Wenk (2002), 
whilst our recheck based on a comparison with insomnia resulted in a disability weight 
of 0.09 (Cl: 0.06; 0.12). The higher disabili ty weight according to the second approach 
might be caused by the fac t that in this second approach, there was a stronger focus 
on "the person 's condition during the day after the sleep-disturbed night". 

The above figures compare reasonably with a study published by van Kempen 
( 1998 ), cited in Knol and Staatsen (2005 :46), where a severity weight of 0.10 for 
severe sleep disturbance was found, based o n the judgement of 13 medical experts 
according to the protocol of Srourhard er al. (1997). 
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In conclusion, a mean disability weight of 0.07 is proposed for sel f-reported sleep 
disturbance due to road noise or similar ambient noise. This disability weight can be 
used in connection with the equa tions of section 4.1 of this chapter for h ighly sleep
d isturbed persons. 

4.10 DISCUSSION: CAN CHRONIC SHORT-TERM 
EFFECTS CAUSE LONG-TERM EFFECTS 
ON HEALTH? 

EEG modifications, cardiovascular responses, body movements and awakenings due to 
noise occur within a few seconds after the stimulus. In addition ro the instantaneous effects 
related to single events, large field studies on aircra ft (Passchier-Vermeer et al. , 2002) and 
road traffic noise exposure during night-time (Griefahn et al., 2000; Passchier-Vermeer et al., 
2004) show rhat also sleep latency and average motility during the sleep period increased 
monotonously as a function of the noise exposure level. The increase in average motility was 
substantially higher than would be expected on the basis of the instantaneous extra motili
ty at the times of the noise events (Passchier-Vermeer et al., 2002) suggesting persistent 
arousal during the sleep related to aircraft noise. Furthermore, an internationa l fie ld study 
(Jmriens et al., 1983) found slightly reduced REM sleep, increased time being awake accord
ing to the EEG, increased average heart rate, and reduced performance on a reaction time 
test in people when exposed during the night to higher road traffic noise levels. 

The relationship between instantaneous effects and more global modifications of one night 
sleep, as well as chronic changes, is not simple, as illustrated by the find ings concerning 
motility. An increase in average motility that is substantially higher than would be expect
ed on the basis of the instantaneous extra motility at the rimes of the noise evenrs 
(Passchier-Vermeer et al. , 2002) suggests a persistent arousal during sleep relared in a dose
dependent way to the aircraft noise. 

Since EEG arousal and instantaneous motility are correlated, this finding suggests that a lso 
the number of (micro-)arousa ls may increase during noise exposure more than by the stun 
of the instanraneous (micro-)arousa ls that occur contingent upon a noise event. 

For overall motility during sleep, clear indications have been found of associations 
with further effects, a lthough the causal direction is not in all cases d ear. Mean 
(onset of) motility during sleep is associated with the following variables based on 
questio nnaires and diaries (Passchier-Vermeer et al., 2002): 

• frequency of conscious awakening d uring the sleep period: t he increase is 0 .8 con
scious; 

• awakenings per night, if motility increases from low to high ; 
• frequency of awakening remembered next morning: the increase is 0 .5 r emem

bered; 
• awakenings per night, if motility increases from low to high ; 
• long-term frequency of awakening attributed to specific noise sources assessed 

with a questionnaire; 
• sleep qua lity reported in a morning diary; 
• long-term sleep quality assessed with a questionnaire; 
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• number of sleep compla inrs assessed with a questionnaire; 
• number of general health complaints assessed with a questionnaire. 

The associations of mean motility with these variables are stronger than the corre
sponding associa tions of mean onset of mo tility. 

For evaluating the adverseness of the instantaneous effects, it is important to consid
er whether they bring the body into a more persistent state of higher arousal or not, 
although this is not the only criterion. Those effects whid1 are progressively disap
pearing with the repetit ion o f the stimulus may be less harmful than those which do 
persist over long exposure time, provided that the suppression of the effects do not 
require costs in another form. For example, short-term cardiovascular effects that 
appear not to habituate could lead to permanent cardiovascular system impai rment 
(Carter, 1996, 1998). 

The rela tions presented for motility and conscious awakening imply that motility is 
sensitive to noise and has a relatively low threshold, while conscious awakening, the 
strongest insranraneous interference of noise with sleep, has the highest threshold of 
the instantaneous effects considered. 

In one of the most sophisticated field studies (Passchier-Vermeer et al., 2002), 
increased probability of instantaneous motility was found for events with a maxi
mum sound level LAmax > 32 dB(A), while in a meta-analysis conscious awakening 
was found for events with Li\max > 42 dB(A) (Passchier-Vermeer, 2003a). Above 
their threshold, these effects were found to increase monotonously as a function of 
the maximum sound level dming a noise event (aircraft noise). Ir is important to note 
that in another recent sophisticated field study {Basner et al. , 2004), the threshold 
found for EEG awakening was LAmax = 35 dB(A), that is, on ly a little higher than 
the 32 dB(A) found for noise-induced awakenings. This strengthens the evidence t hat 
noise starts to induce arousals at Li\max values in the range 30- 35 dB(A). Given the 
night-time noise levels to which people are exposed, these results imply that instan
taneous effects are common. Although most studies concerned aircraft noise, the 
instantaneous effects can be assumed to occur a t similar levels for different types of 
transp ortation. 

The above observations can be used as a basis for setting limits with respect to night
time transportation noise. For transparency, it is useful to distinguish two steps in 
choosing actual limits: the first step is the derivation of a hea lth-based limit; the sec
ond step is the derivation of an actual limit that takes into account the health-based 
limit as well as feasibility arguments. Here the concern is with the first step. 

When deriving a health-based limit, two points need to be considered: the dose
dependent effects of a single no ise event, and the number of events. With respect to 
the dose-dependent effects of a single event, adverse effects can be distinguished from 
effects that by themselves need not be adverse but can contribute to an adverse srate. 
It is proposed to classify conscious awakenings as an adverse effect. Conscious 
awakenings have been estimated to occur at a baseline rate of 1.8 awakening per 
night. A substantial increment of conscious awakenings over this baseline is thought 
to be adverse. Since, in genera l, fa lling asleep after conscious awakening takes some 
time, and this latency is longer after noise-induced conscious awakening that will 
often also induce an emo tional reaction {anger, fea r), it will also reduce the time 
asleep and may affect mood and functioning next day. Altho ugh additional, more 
sophisticated analyses could be performed to refine this estimate, we p ropose LAmax 
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= 42 dB(A) is proposed as the currently best estimate of the thres hold for conscious 
awakening by transportation noise. This wo uld mean that the no o bserved effect 
level (NOELJ\maxl for transportation noise events is a t most 4 2 dB(A).The most sen
sitive instantaneous effect that has been studied extensively in fie ld studies is motil
ity. A single interval with (onset of) noise-induced motility by itself cannot be con
sidered to be adverse. 

However, no ise-induced motility is a sign of arousal, and frequent (micro-)a rousal 
and accompanying sleep fragmentation can affect mood and functioning next d ay 
and lead to a lower rating of the sleep quality. Therefore, motility is r elevant for 
adverse health effects, but more than a few intervals with noise-induced motility are 
needed for inducing such effects. Although additional, more sophisticated analyses 
could be performed to refine this estimate, we propose LAmax = 32 dB(A) as the cur
rently best estimate of the thresho ld for motility induced by transporta tion noise. 
The threshold found for EEG awakening was LAmax = 35 dB(A), that is, only a lit
tle higher than the 32 dB(A) found for noise-induced awakenings. This would mean 
that the NOELAmax for transportation noise events is most likely at m ost 32 dB(A), 
and definitely not higher than 35 dB(A). It is important to note that the above given 
NOELAmax - 32 dB(A) and NOELAmax - 42 dB(A) are indoor levels, in the sleeping 
room . Although events below 32 dB(A) are audible, and, hence, further research may 
show mo re sensitive effe<:ts than motility, on the basis of the present available evi
dence we pro pose to assume tha t NOELAmax = 32 dB(A) and set a health-based 
night-time noise limit that is to lerant for transportation noise events with LA,~ax -
32 dB(A). On the other hand, since adverse health effects need to be prevented by 
health-based limits and even though vulnerable groups may r equire lower limits, on 
the basis of the present available evidence we propose to assume that NOAELAmax 
= 42 dB(A) and set a health-based night-time noise limit that d oes not tolerate trans
portation noise events with LAmax > 42 dB(A). 

On the basis of the above proposal, it wo uld be possible to derive a n ight-time noise 
guideline va lue in terms of Lnighr· Such a guideline value would indicate the level 
below which no short-term effects are to be expected tha t would lead to temporary 
reduced health or chronic disease. Such a guideline value needs to be compared with 
guideline values d erived directly with a view to preventing temporary r educed health 
and chronic diseases. In particular, for self-reported sleep disturbance, which is an 
ex pression of reduced well-being and may be an indication of effects that could con
tribute to cardiovascular disease, exposure- effect relationships have been derived on 
the basis o f an extensive set of original data from studies from va rious countries 
(Miedema, Passchier-Vermeer and Vos, 2003; Miedema, 2004 ). The percentage of 
people reporting high noise-induced sleep disturba nce (%HS) levels off at 45 dB(A) 
but at a non-zero effect level. The remaining effect may be caused by events not 
incorporated in the exposure assessment and it appears that if all n oise contributions 
would be incorporated in the exposure metric, high no ise-induced sleep disturbance 
would vanish between 40 dB(A) and 45 dB(A), say at 4 2 dB(A). Since values found 
for other temporary reduced health effects or chronic diseases, in partirnlar cardio
vascular d iseases, will be higher, and co nsidering self-reported sleep disturbance as 
an adverse effect , this would suggest L0 ;ght = 4 2 dB(A) as the NOAEL to be com
pared with the va lue derived from the short-term effects. No te that this is an out
door level, which would, assuming partly opened windows and an actua l insulation 
of 15 dB(A), correspond to an indoor equivalent night-time sound level of 27 dB(A). 
The above disnission is based on mo tility, EEG awakenings, a nd conscious awaken
ing. In addition , EEG micro-/minor a rousals, and autonomic reactions have been dis
cussed above. 
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Furthermore, there are potential instantaneous effects, such as effects on memo
ry consolidation or restoration of the immune system, for which the information 
on a possible relatio n with noise exposure is so limited that they were no t con
sidered here . In order to acquire more insight into these effects, more field 
research is needed. Field research is needed because earlier studies have shown 
that estimates of effects on the basis of la boratory studies are much higher than 
es timates from field studies. Methodological differences between the different 
approaches certainly cannot be the o nly possible explanatio n. Research allowing 
the introduction of some specific bur light laboratory technique into the sleeper's 
own bedroom, should be encouraged, as, for example, used in the Swiss Noise 
Study 2000 (Brink, Mii lle r, and Schierz, 2006). T he key to better insight into 
effects of night-time noise, leading to mechanistic modds desaibing the relation
ships between noise exposure, instantaneous effects, effects at the level o f a 24-
hour period and chronic effects, appears to be epidemiological studies at home 
with well-designed instrumenta tion. 

The re lationships between noise exposure, instantaneous effects, effects at the 
level of a single 24-hour period and chronic effects is complex because the effects 
at a smaller time scale do not simply add up to effects at a larger time scale. For 
example, the noise-rela ted increase in night-time average motility was substan
tia lly higher than would be expected on the bas is of the instantaneous extra 
motility a t the times of the noise events (Passchier-Vermeer et a l. , 2002 ), suggest
ing persistent arousa l during sleep related to aircraft noise. It is likely that such 
shifts in the basic state are more important for the d evelopment of chronic effects 
than the instantaneous effects per se. A further complication is that some effects 
habituate. Habituation in some effect parameters can occur in a few days or 
weeks, but the habituation is no t always comple te. The measured modifications 
of the cardiovascular functions remain unchanged over long periods of exposure 
time (Muzet and Ehrhart, 1980; Va lier et a l. , 1983). Most striking is that none of 
the cardiovascular responses show habituation to no ise after a prolonged expo
sure, while subjective habituation occurs within a few days. It appears plausible 
that, in particular non-habituating effects lead to the develo pment of chronic 
effects, but a lso the disappearance of effects with continuing exposure may come 
at a cost associa ted with suppressing the effects. A third complication is that day
time noise exposure may contribute to the effects found in relation to nigh t-time 
noise. Large epidemiological studies are need ed that compare popula tions 
exposed to similar d aytime noise and d iffer in their night-tim e noise exposure 
only. A specific cha ll enge for mechanist ic models on the effects of noise o n sleep 
is the identification of factors that make subjects vulnerable to night-time no ise. 
The following groups may be hyp othesized to be more vulnerable to noise during 
sleep: o ld people, ill people, peopl e with chronic insomnia, s hift workers and peo
ple resting during daytime, people with a tendency to depression, light sleepers, 
pregnant women, people with high anxie ty and high stress levels. Furthermore, 
children need attention because of thei r re lative ly hig h exposure during sleep, and 
because they a re in a phase of neurocognitive development for which undisturbed 
sleep may be particularly important. 
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CHAPTER 5 

GUIDELINES AND RECOMMENDATIONS 

5.1 ASSESSMENT 
In Chapter 1 the need for a guideline document for night-rime exposure to noise was 
defended on the basis of the lack of existing guidance, the signs that a substantial 
part of the population could be exposed to levels of noise that might risk their health 
and well-being and the EU activities that compel the public and authorities to rake 
notice when noise maps showing Lnighr levels are made public. 

Where sufficient direct evidence concerning the effects of night-time noise on health 
could not be collected, indirect evidence was looked at: rhe effects of noise on sleep 
(quality) and the relations between sleep and health. 

In Chapter 2 the evidence was presented that sleep is a biolog ical necessity and dis
turbed sleep is associated with a number of health outcomes. Studies of sleep distur
bance in children and in shift workers clearly show the adverse effects. Unravelling 
the relations between sleep and health (Fig. 2.1) shows that sleep is an essential fea
ture of the organism, so that simple direct relations ..:an hardly be expected. 

In Chapter 3 it was shown beyond doubt that noise disturbs sleep through a num
ber o f direct and indirect pathways. Even at very low levels physiological reactions 
(hearr rare, body movement and arousals) can be reliably measured. It was also 
shown that awakening reactions are relatively rare, occurring at a much higher level. 

Chapter 4 summarized the known evidence for the direct effects o f night-time noise 
on health. The working group agreed that there is sufficient evidence that night noise 
is related ro self-reported sleep disturbance, use of pharmaceuticals , self-reported 
health problems and insomnia-like symptoms. These effects can lead to a consider
able burden of disease in the po pulation. For other effects (hypertension, myocardial 
infarctions, depression and o thers) , limited evidence was found: although the stud
ies were few or not conclusive, a biologically plausible pathway could be construct
ed from the evidence. 

An example of a health effect with limited evidence is myocardial infarction. 
Although evidence for increased ri sk of myocardial infarction related to Lday is suf
fic ient according to an updated meta-analysis, the evidence in relation ro Lnighr,oursi<le 

was considered limited. This is because Lnight,outside is a relatively new exposure indi
cator, and few field studies have focused on night noise when considering cardiovas
cular outcomes. Nevertheless, there is evidence from animal a nd human studies sup
porting a hypothesis that night noise exposure might be more strongly associated 
with cardiovascular effects than daytime exposure, highlighting the need for fut ure 
epidemiological studies on this topic. 

The review o f available evidence leads to the following conclusio ns. 

• Sleep is a biological necessity and disturbed sleep is associated with a number of 
health outcomes. 
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• There is sufficient evidence for biological effects of noise during sleep: increase 
in heart rate, arousals, sleep stage changes and awakening. 

• There is sufficient evidence that night noise exposure causes self-reported sleep 
disturbance , increase in medicine use, increase in body movements and (environ
m enta l) insomnia. 

• While noise-induced sleep disturbance is viewed as a health problem in itself 
(environmental insomnia), it a lso leads to further conseq uences for health and 
well-being. 

• There is limited evidence that disturbed sleep causes fatigue, accidents and 
reduced performance. 

• There is limited evidence that noise at n ight causes hormone level changes and 
cl inical conditions such as cardiovascular illness, depression and other mental ill
ness. It should be stressed tha t a plausible biological model is available with suf
ficient evidence for the elements of the causal chain. 

In the next section threshold levels are presented for the effects, where these can be derived. 

5.2 THRESHOLDS FOR OBSERVED EFFECTS 
The NOAEL is a concept from toxicology, and is defined as the greatest concentration 
which causes no detectable adverse a lteration of morphology, functional capacity, 
growth, development or lifespan of the target organism. For the topic of night-time 
noise (where the adversity of effects is not always dear) this concept is less useful. 
Instead, the observed effect thresholds are provided: the level above which an effect 
starts to occur or shows itself to be dependent on the dose. This can also be an adverse 
effect (such as myocardial infarcts) or a potentia lly dangerous increase in a natura lly 
occurring effect such as motility. 

Thresho ld levels a re important milestones in the process of evaluating the health conse
quences of environmental exposure. The threshold levels also delimit the study area, 
which may lead to a better insight into overall consequences. In Tables 5.1 and 5.2 all 
effects arc summarized for which sufficient or limited evidence exists (sec Table 1.2 in 
Chapter 1 for a definition). For the effects with sufficient evidence the threshold levels 
are usually well known, and for some the dose-effect relations over a range of exposures 
could also be established. 

5.3 RELATIONS WITH LNIGHT,OUTSIDE 
Over the next few years, the END will require that n ight exposures are reported in 
Lnight,ourside· It is therefore interesting to look into the relation between L nighr,outside 

and the effects from night-time noise. The relation between the effect s listed in 
Tables 5 .1 and 5 .2 and Lnight,outside is, however, not straightforward. Short-term 
effects are m ainly related to maximum levels per event inside the bedroo m: 
LAmax, inside. In order to express the (expected) effects in relation to the single EU 
indicator, some calculation needs to be done. 
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Effect 

Biological 
effects 

Sleep 
quality 

Well-
being 

Medical 
conditions 

GUIDELINES AND RECOMMENDATIONS ID 

Table 5.1 
Summary of effects and threshold levels for effects where 
sufficient evidence is available 

Indicator Threshold, Reference 
dB (chapter, section) 

Change in cardiovascular 3.1.5 
activity 

EEG awakening LAmax, 35 4.10 
inside 

Motility, onset of LAmax, 32 3 .1. 8, dose-effect 
motility inside relation for 

aircraft 

Changes in duration of LAmax, 35 3.1 
various stages of sleep, inside 

in sleep structure and 
fragmentation of s leep 

Waking up in the night and/ LAmax• 42 3.1.7, dose-effeL-r 
or too early in the morn ing inside relation for 

aircraft 

Prolongation of the sleep * 3.1 
inception period, difficulty 
getting to sleep 

Sleep fragmentation, l~ 3.1 
reduced sleeping time 

Increased average motility Lnight• 42 3.2, dose-effect 
when sleeping outside relation for 

aircraft 

Self-reported sleep Lnight• 42 4.2, dose-effect 
disturbance outside relation for 

aircraft/road/rail 

Use of somnifacient drugs Lnighr> 40 4.5.8 
and sedatives outside 

Environmental insomnia •• Lnighr> 42 3.1; 4.1; 4.2 
outside 

' Altho11gh the effect has been sl,ow11 lo ocwr or a f>la11sible brological f>alhway co11ld l,e constructed, 111d1ca· 
tors or 1/,reshold levels co11ld 1101 be determined. 

'" Note that "e11viro11111mtal insomnia'" IS the res11lt of diagnosis /,ya medical profess,onal wh,/st "se/f-ref>orl• 
ed sleep disturbance" 1s essentially the same, lmt reported m the conlexl of a social survey. NHmber of ques
tions and exact wordmg ma y differ. 
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Table 5.2 
Summary of effects and threshold levels for effects 

where limited evidence is available+ 

Effect Indicator 

Biological Changes in (stress) * 
effet:ts hormone levels 

Drowsiness/tiredness during 
the day and evening 

Increased daytime irritability 

Well- Impaired social contacts * 
being 

Complaints Lnigh1,0111siJc 

Impaired cognitive * 
performance 

Insomnia * 

Hypertension Lnigh1,ou1side 

Obesity 

Depression (in women) 

Myocardial infarction Lnight,musidc 

Reduction in life expectancy * 
(premature mortality) 

Psychiatric disorders Lnight,ouuidc 

(Occupational) accidents 

Estimated, Reference 
threshold dB (chapter, section) 

* 2.5 

* 2.2.3 

* 2.2.3 

* 2.2.3 

35 4.3 

2.2.3 

4.6 

50 2.2.3; 
4.5.6 

* 2.2.3 

4.8 

50 4.5.15 

* 2.2.3; 2.5 

60 4.8.15 

* 2.2.3; 2.4 

• Note that as th, evidence for th, ,((,ct, in this tab/, is limited, th, threshold lev,I, a lso have a limited 
111eight. I,, general th,y "" b<1sed 0 11 expert j11dg,111e11t of the ,vidwce. 

' J\ltho11gh the ,(feet has b,m sh o11111 to ocwr or a plau,ibl, biological path111ay could be constructed, indica
tors or thri•shold levels could not b, detn111i11,d. 

The calculation for the total number of effects from reaction data on events 
(arousals, body movements and awakenings) needs a number of assumptions. The 
first that needs to be made is independence: although there is evidence (Brink, 
Miiller and Schierz, 2006) that the order of events of different loudness strongly 
influences the reactions, the calculation is nearly impossible to carry out if this is 
taken into consideration. 
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Secondly, the reactions per event are known in relation ro levels at the ear of the 
sleeper, so an assumption for an average insulation value must be made. In this 
report a value of 21 dB (see Chapter 1, sections 1.3.4 and 1.3.5) has been sdecr
ed. This va lue is, however, subject to national and cultural differences. One thing 
that stands o ut is the desire of a large part of the population to sleep with win
dows (slightly) open. The rela tively low value of 21 dB already rakes this inro 
account. If noise levels increase, people do indeed close their windows, bur obvi
o usly reluctantly, as then complaints about bad air increase and sleep disturbance 
remains high. This was already po inted out in the WHO guidelines on communi
ty noise (WHO, 1999). 

From source to source the number of separate events varies considerably. Road 
traffic noise is characterized by relatively low levels per evenr and high numbers, 
while a ir and rail traffic are characterized by high levels per event and low num
bers. for rwo typical situations esrimares are made and presented in graphical 
form. The first is an average urban road (600 motor vehicles per nighr, which cor
responds roughly to a 24-hour use of 8000 m otor vehicles, or 3 million per year, 
rhe lower boundary the END sets) and the second case is for an average situation 
of air traffic exposure (8 flights per night, nearly 3000 per year). 

Fig. 5 .1 shows how effects increase with an increase of L nighr,outside values for the 
typical road traffic situation (urban road ). A large number of event s lead to high 
levels of awakening once the threshold of LAmax,inside is exceeded. To illustrate 
this in practical terms: va lues over 60 dB Lnighr,omside occur at less then 5 metres 
from the centre o f the road. 

In Fig. 5 .2 the same graph is presented for the typical airport situation. Due to a 
lower number of events there are fewer awakenings than in the road traffic case 
(Fig. 5.1), but the same or more health effects. 

In these examples the worst case figures can be factors higher: the maximum 
number of awakenings for an Lnight,outside of 60-65 dB is around 300 per year. 

A recent study suggests that high background levels (from mot orways) with low 
numbers of separate events can cause high levels o f average m otility (Passch ier
Vermeer, to be published). In Table 5.3 the full details are summarized. 

5.4 DEALING WITH SITUATIONS EXCEEDING THE 
THRESHOLDS 

Noise exposure data demonstrate that a large part of the population is over the no
effect levels. It is expected that this will exrend into the furure for quite some time. 
This means that circumstances may require that a risk assessment mu st be made. It 
is then recommended to apply the method laid out in Chapter 1, using the va lues 
given in Tables 5.1 and 5.2 and the dose-effect relations given in Chapter 4 . 

Typical actions requiring risk assessment are: 

• new infrastructure projects (if an environmental impact statement is required) 
• improvement programmes 
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• policy evaluation 
• national or international setting of limit values. 

In the EU Position Paper (European Commission, 2002a) an overview of national 
night-t ime noise regulations can be found. 
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• Average motility a11d infarcts are e.xpressed i11 percent i11crease (compared to baseline 1111mber}; the nr<mber 
of highly sleep disturbed people is expressed as percent of the pop11latio11; complai11ers are expressed as a 
percent of the 11eighbo11rhood pop11latio11; awakenings are expressed i11 1111mber of additionJI awakeni11gs 
per year. 
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Table 5.3 
Effects (yearly, additional with respect to the normal except odd ratio) O=below threshold, +=increase) 

Lnigh1,ouuidc Arousals Body movements Average body Awakenings % sleep Myocardial 

related to single movemems disturbed infarcts 

exposures (without single ( % highly sleep 

(15 sec intervals) exposures) disturbed) 

UNIT number number number number number number number % of exposed odd ratio 

average average aver age average air road rail 

air urban air urban 

traffic road traffic road 

NORMAL Children Adults 2 1 000 21 000 600 0 
2 555 3 650 

20-25 0 0 0 0 200 0 0 0 0 0 
25-30 0 0 7 0 875 0 0 <3 d <2 
30-35 + + 22 0 I 547 0 0 <3 d <2 
35-40 + + 37 0 2 220 0 0 4 3 2 
40-45 + + 58 243 2 900 2 0 4 3 2 
45-50 + + 85 6.U .1 600 5 0 6 5 2 
50-55 + + 111 1 145 4 200 9 0 9 7 3 
55-60 + + 145 1 770 4 900 12 54 12 9 4 1.1 

60-65 + + 180 2 520 5 500 17 155 17 14 6 1.2 

Source: Elfropean Commission, 2002 a 

s.s PROTECTION MEASURES AND CONTROL 

What is the best strategy to reduce sleep disturbance? The first tho ught should always be to 
reduce the impact, either by reducing the number of events or by reducing the sound levels, or 
both. For some effeas reducing the number of events may seem to be more effeaive (although 
that depends on the exact composition). Other effects are reduced by lowering overall noise 
level by either the number of events, the levels per event or by any combination. 

In combination with other measures, sound insulation of bedroom windows is an option, but 
care must be taken to avoid negative impact on inside air quality. Even then, many people may 
want to sleep with their windows open, thereby making the insulation ineffective. Although 
good instruction may go some way to helping to overcome this, it is still a matter well worth 
taking into account. In warmer climates, in particular, insulation is not a serious option for res
idential purposes and excessive exposure must be avoided either by removing the people 
exposed or removing the source if source-related measures fail. 

Although air conditioning of houses (or just bedrooms) is not commonplace in the EU, there 
are indications that its use is increasing, especially in the warmer parts of the Region. Although 
this still leaves the possibility that people may sleep with their windows open outside the sum
mer season, it is something to consider when discussing measures. 

Exposed areas could be a good choice for uses such as offices, where there will be no people at 
night, or where it is a physical impossibility to sleep with the windows open (fully air-condi
tioned buildings, for example hotels and sometimes hospitals). 
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A simple measure is the orientation of noise-sensitive rooms on the quiet side of the 
dwelling (this applies to road and rail traffic noise). 

Zoning is an instrument that may assist planning authorities in keeping noise-sensi
tive land uses away from noisy areas. In the densely populated areas of the EU this 
solution must often compete, however, with other planning requirements or a sim
ple lack of suitable space. 

5.6 RECOMMENDATIONS FOR HEALTH PROTECTION 

Sleep is an essential part of healthy life and is recognized as a fundamental right under the 
European Convention on Human Rights1(European Court of Human Rights, 2003). 
Based on the systematic review of evidence produced by epidemiological and experimen
tal studies, the relationship between night noise exposure and health effects can be sum
marized as below. (Table 5.4) 

Table 5.4 
Effects of different levels of night noise on the population's health2 

Average night noise level 

over a year Lnight,outside 

Up to 30 dB 

30 to 40 dB 

40 to 55 dB 

Above 55 dB 

Health effects observed in the population 

Although individual sensitivities and circumstances may 
differ, it appears that up to this level no substantial biolog
ical effects are observed. Lnight,outside of 30 dB is equiva
lent to the NOEL for night noise. 

A number of effects on sleep are observed from this range: 
body movements, awakening, self-reported sleep distur
bance, arousals. The intensity of the effect depends on the 
nature of the source and the number of events. Vulnerable 
groups (for example children, the chronically ill and the 
elderly) are more susceptible. However, even in the worst 
cases the effects seem modest. Lnight,outside of 40 dB is 
equivalent to the LOAEL for night noise. 

Adverse health effects are observed among the exposed 
population. Many people have to adapt their lives to cope 
with the noise at night. Vulnerable groups are more severe
ly affected. 

The situation is considered increasingly dangerous for 
public health. Adverse health effects occur frequently, a 
sizeable proportion of the population is highly annoyed 
and sleep-disturbed. There is evidence that the risk of car
diovascular disease increases. 

1 "Article 8: I. Everyone has the right to respect for his private and family life, his home and his correspondence." 
Although in the case against the United Kingdom the Court ruled that the United Kingdom Government was 
not guilty oi the charges, the right to undisturbed sleep was recognized (the Court 's consideration 96). 

1 LmRh,,o,,siJ, in Table 5.4 and 5.5 is the night-time noise indicator (LmRh,) of Directive 2002/49/EC of 25 June 
2002: the A-weighted long-term average sound le\·el as defined in ISO 1996-2: 1987, determined over all the 
night periods of a year; in which: the night is eight hours (usually 23.00 - 07.00 local time), a year is a relevant 
year as regards the emission of sound and an average year as regards the meteorological circumstances, the inci
dent sound is considered, the assessment point is the same as for Ldcn· See Official ] 011rnal of the European 
Cnmm1111ities, 18.7.2002, for more details. 
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Below the level of 30 dB Lnighr,ourside, no effects on sleep are observed except for a 
slight increase in the frequency of body movements during sleep due to night noise. 
T here is no suffic ient evidence tha t the biological effects observed at the level below 
40 dB Lnighr,ontside are harmful to health. H owever, adverse health effects are 
observed at the level above 40 dBLnighr,ourside, such as self-reported sleep distur
bance, environmental insomnia, and increased use of somnifacient drugs and seda
tives. Therefore, 40 dB Lnight,outside is equivalent to the LOAEL for night noise. 
Above 55 dB the cardiovascular effects become the major public h ea lth concern, 
which are like ly to be less dependent on the nature of the noise. Closer examination 
of the precise impact will be necessary in the range between 30 dB and 55 dB as 
much will depend on the detailed circumstances of each case. 

A number of instantaneous effects are connected to threshold levels expressed in 
LAmax (Table 5.1 ). T he hea lth relevance of these effects cannot be easily established. 
It can be safely assumed, however, that an increase in the number of such events over 
the baseline may constitute a subclinical adverse health effect by itself leading to sig
nificant clinical h ealth outcomes. 

Based on the exposure-effects relationship summarized in Table 5.4, the night noise 
guideline values are recommended for the protection of public health from night 
no ise as below (Table 5.5). 

Night noise guideline (NNG) 

Interim target (IT) 

L.,;~hr,onrsidc = 40 dB 

L.,;~h,,omsidc = 5 5 dB 

Table 5.5 
Recommended night noise 
guidelines for Europe 

For the primary prevention of subclinical adverse health effects related to night noise 
in the population, it is recommended that the population should not be exposed to 
night noise levels greater than 40 dB of Lnighr,outside during the part of the night when 
most people a re in bed. The LOAEL of night noise, 40 dB Lnight,ourside, can be con
sidered a health-based limit value of the night noise guidelines (NNG) necessary to 
protect the public, induding most of the vulnerable groups such as children, the 
chronically ill and the elderly, from the adverse hea lth effects of night noise. 

An interim target (IT) of 55 dB Lnighr,outside is recommended in the situations where 
the achievement of NNG is not feasible in the sho rt run for various reasons. It 
should be emphasized that IT is not a hea lth-based limit value by itself. Vulnerable 
groups cannot be protected at this level. Therefore, IT should be considered only as 
a feasibility-based intermediate target which can be temporarily considered by 
policy-makers for exceptional local situations. 

All Member States are encouraged to gradually reduce the proportio n of the popu
lation exposed ro ·levels over the IT within the context of meeting wider susta inable 
development objectives. It is highly recommended to carry out risk assessment and 
management activities at local and national levels targeting the exposed populat ion, 
and a iming at reducing night noise to the level below IT or NNG. IT and NNG can 
be used for health impact assessment of new projects (for example construction of 
roads, railways, airports or new residential areas) even before the achievement of IT, 
as well as fo r the risk assessment of the whole popula tion. In the long run the NN G 
would be best achieved by control measures aimed at the sources along with other 
comprehensive approaches. 
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5.7 RELATION WITH THE GUIDELINES FOR 
COMMUNITY NOISE (1999) 

The Guidelines for community noise (WHO, 1999) have been quoted a number of 
t imes in this paper, so one could rightfully ask what the relation is between the 1999 
guidelines and the present NNG. 

Impact of night-time exposure to noise and sleep disturbance is indeed covered in the 
1999 guidelines, and this is the full statement (WHO, 1999): 

"If negative effects on sleep are to be avoided the equivalent sound pressure level 
should not exceed 30 dBA indoors for continuous noise. If the noise is not con
tinuous, sleep disturbance correlates best with LAmax and effects have been 
observed at 45 dB o r less. This is particularly true if the background level is low. 
Noise events exceeding 45 dBA should therefore be limited if possible. For sen
sitive people an even lower limit would be preferred . It should be noted that it 
should be possible to sleep with a bedroo m window slightly open (a reduction 
from outside to inside of 15 dB). To prevent sleep disturbances, o ne should thus 
consider the equivalent sound pressure level and the number and level of sound 
events. Mitigation ta rgeted to the first part of the night is believed to be effective 
for the ability to fall asleep." 

It should be noted that the noise indicators o f the 1999 guidelines are LAeq and 
LAmax• measured inside for continuous and non-continuous noise, respectively. The 
present night noise guidelines adopt an harmonized noise indicator as defined by 
Environmental Noise Directive (2002/49/EC): Lnighr measured outside, averaged 
over a year. 

It should also be borne in mind that the 1999 guidelines are based on studies carried 
out up to 1995 (and a few meta-analyses some years later). Important new studies 
(Passchier-Vermeer et al., 2002; Basner et al., 2004 ) have become available since 
then, together with new insights into normal and disturbed sleep. 

Comparing the above statement with the recommendations, it is clear that new 
information has made more precise statements possible. The thresholds are now 
known to be lower than LAmax of 45 dB for a number of effects. The last three sen
tences still stand: there are good reasons for people to sleep with their windows 
open, and to prevent sleep disturbances one should consider the equivalent sound 
pressure level and the number of sound events. The present NNG allow responsible 
authorities and stakeholders to do this. Viewed in this way, the Night noise guide
lines for Europe complements the 1999 guidelines. This means that the recommen
dations on government po licy fra mework on noise management elaborated in the 
1999 guidelines should be considered valid and relevant for the Member States to 
achieve the guideline values of this document. 
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APPENDIC S 

APPENDIX 1. GLOSSARY OF TERMS AND 
ACRONYMS 

Term/acronym 

A-:timetry 

ADHD 
Behavioural awakening 

BP 
CAP 
EBD 
END 
EEG 

ECG 

EEG awakening 

H eart rate acceleration 

HPA axis 
ICSD 
!HD 
Insomnia 

L nighr 

M otility onset 

M g 
M otility 

O R 

Definition 

The measurement of accelerations associated with the 
movement of an actimeter 
Attention-deficit hyperactivity disorder 
Awakening that is registered by the subject by means of 
a conscious action 
Blood pressure 
Cyclic alternating patterns 
Environmental burden of disease 
Environmental Noise Directive (2002/49/EC) 
Electroencephalogram, recording of electric activity in 
the brain 
Electrocardiogram, recording of electric activity of the 
heart 
Transition from a state of sleep to a st ate of conscious
ness, as determined by a sleep EEG 
A temporary rise in heart rate relative to the average 
heart rate assessed shortly before a noise event 
Hypothalamus-pituitary-adrenal axis 
International Classification of Sleep Disorders 
Ischaemic heart disease 
Sleeping disorder consistent with an internationally 
accepted definition (see ICSD}, which takes account of 
difficulty falling or staying asleep, the daytime implica
tions and the duration of the problems 
Exposure to noise for the duration of a given time inter
val T (a 24-hour period , a night, a day, an evening) is 
expressed as an equivalent sound pressure level (mea
sured in dB(A)} over the interval in question 
M aximum outdoor sound pressure level associated with 
an individual noise event 
Refers to the EU definition in Directive 2002/49/EC: 
equivalent outdoor sound pressure level associated with 
a particular type of noise source during night-time (at 
least 8 hours), ca lculated over a period of a year 
The presence of movement in a short time interval, fol
lowing an interval without movement 
M agnesium 
The presence of movement in a short time interval, as 
recorded on an actigram 
Odds ratio: the ratio of the odds of an event occurring 
in another group, or to a sample-based estimate of that 
ratio 
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Term/acronym 

OSAS 
OTC 
Polysomnography 

REM 
RR 

SEL 

Sleep disturbance 

Sleep EEG 

Sleep fragmentation 

Sleep latency 

Sleep stage change 

SMR 
SROBD 
sws 
UARS 

NIGHT NOISE GUIDELINES FOR EUROPE 

Definition 

Obstructive sleep apnoea syndrome 
Over-the-counter (medicines sold without presaiption) 
The measurement during a subject 's time in bed of his 
o r her brain activity by means of EEG, EOG and EMG. 
The technique involves the use of electrodes to record 
electrical potentials in the brain 
Rapid eye movement (sleep phase) 
Relative risk: a ratio of the probability of the event 
occurring in the exposed group vs. the control (non
exposed) group 
Sound exposure level: equivalent outdoor sound pres
sure level associated with an individual noise event, 
with the equivalent level standardized at one second 
Disturbance of sleep by night-time noise, as perceived 
by a subject and described in a questionnaire response 
or journal entry 
Graph created using data from EEG scanning during a 
subject's time in bed, showing the various stages of sleep 
as a function of time 
Within a sleep period, the frequency and duration of 
intervals of wakefulness recorded on a sleep EEG or 
intervals of motility recorded on an actigram 
The length of time taken to fall asleep, i.e. the interval 
between the point at which a person begins trying to go 
to sleep or allowing him/herself to go to sleep and sleep 
inception time 
Change from a deeper stage of sleep to a less deep stage, 
as determined by a sleep EEG 
Standardized mortality ratios 
Sleep related obstructive breathing disorders 
Slow-wave sleep (sleep phase) 
Upper airway resistance syndrome 
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APPENDIX 2. RELATIONS BETWEEN LNIGHT AND 
INSTANTANEOUS EFFECTS 

STATEMENT 1 
Let f be a fum:tion of SEL that gives the expected number of instantaneous effects 
caused by a single event. With a given Lnight and a given number of events N , the 
expected number of times that an effect occurs in the night, n, is m axim al if all events 
have equal SEL, p rovided tha t f0 10lg is in.:reasing but negatively accelerated. 

STATEMENT 2 
If 

nmax = 10(Lnighr-SEL+70.2)/1 0_ f(SEL), 

has a maxim um over SEL and f is the quadratic function f(SEL) = a SEL2 + b SEL 
+ c, then the maximum occurs irrespective of Lnighr at 

SEL0 = 4 .34 - A ± ((A - 4 .34 )2 - (c/a) + 8.68A) 112, 

where A = b/(2a). (Only with + at the place o f± the value will come in the rea listic 
ra nge of SEL) 

STATEMENT 3A 
If the shape of the time pattern of the sound leve l has a block form , then SEL = LAmax 
+ l0lg(T), where LJ\max is the maximum sound level (integrated over 1-s) and Tis 
the duration of the noise event in seconds. 

STATEMENT 38 
If the sound level increases with rate a (in dB(A)/s) a nd after time point t = 0 d ecreas
es with rate - a, then SEL==LAmax - l 0lg(a) + 9.4. 
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APPENDIX 3. ANIMAL STUDIES ON STRESS 
AND MORTALITY 

INTRODUCTION 
Is noise a health risk or does it just annoy? This basic question needs to be careful
ly answered when establishing night noise guidelines. No one will deny that in the 
case of high noise levels there is a risk of inner ear damage, but what about the mod
erate levels of environmental noise? To approach this rather difficult question, all 
available methods must be combined. 

1. In animal experiments it is possible to assess the complete causal chain from noise 
exposure via physiological reactions and biological risk factors to morbidity or 
even mortality. H owever, a quantitative application of the results to humans is not 
possible. Instead, the method is useful in studying the pathomechanisms qualita
tively. 

2. Experiments on humans are, for ethica l reasons, restricted to the study of 
reversible physiological reactions. Bur as lo ng as there is no proof that reactions 
to chronically repeated noise exposures are increasing the risk of specific diseases, 
the results of such physiological studies are not considered conclusive. 

3. Epidemiological studies have the advantage of investigating health effects which 
are particularly caused by chronic noise exposure a lthough there is no possibi li ty 
to control a ll influencing factors. Additionally, epidemiological studies have to be 
based upon biologically evident hypotheses. 

A hypothetical model of noise-induced health effects is shown in Fig. 4.3 in Chapter 4 , 
section 4.5.2 of this report. This model is based on the results of no ise experiments 
with animals and humans. With animal experiments, the whole causal chain from 
noise exposure to health outcome can be traced as a direct pathway starting with a 
chronic high level noise exposure which, via endocrine stress reactions, leads, for 
example, to microcirculatory defects and to manifest hypertension. 

Physiological experiments on humans have shown that noise of a moderate level acts 
via an indirect pathway and has health o utcomes similar to those caused by high 
noise exposures on the direct pathway. The indirect pathway starts with noise
induced disturbances of activities such as communication or sleep. Since we are deal
ing with night noise guidelines, noise-induced sleep disturbances and any resulting 
persistent health effects are of primary interest here. 

In physiological studies with experimentally changed noise exposure, the increase of 
arousals and of hormone excretion was studied in sleeping people. If this model is 
correct then in the cause- effect chain the arousal ought to precede the endocrine 
reactions. This order was derived from the d ifferent reaction times of the effects. 
\Vhile arousals appear within 1 second after a noise stimulus, hormones like ca te
cholamines take several minutes, and cortisol about 10 m inutes to be increased. This 
observatio n, together with the fact that arousals are evoked by equa l or lower noise 
levels than the corresponding endocrine reactions, confi rms the correctness of the 
model and leads to an important conclusion: noise exposure which does not evoke 
arousals in sleeping people wi ll not induce adverse health effects. 

This conclusion is essentia l with regard ro night noise guidelines. However, the 
answers to the basic question as to whether certain health risks are connected with 
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environmental noise must be clarified by epidemiological studies based on noise 
experiments on both humans and animals. 

TYPES OF ANIMAL STUDIES 
Noise has often been used as a stressor in animal studies. Even Selye (1953), who intro
duced the psychophysiological stress concept, used noise stimuli in his animal studies. 
Most of the modern animal studies testing the pharmacological effects of drugs are car
ried out with and without various stressors. The typical noise exposure is to short and 
very intensive sounds. One such example is the study of Diao et al. (2003) who 
exposed guinea pigs to 4 kHz oaave band noise at 115 dB for 5 hours. But these exper
iments are of little value regarding the noise exposure types in question. 

The same is true for another type of animal study concerned with the prevention of 
noise-induced health effects in wild and domestic animals (for review of the former 
kind see Fletcher, 1983). One example for the latter kind is the study of Gcverink ct 
al. (1998) on stress responses of pigs to transport and lairage sounds. 

Since the subject of the present paper is noise-induced health effects in humans, the 
review addresses only those studies in which animals are used as a model for 
humans. 

The animal model for aural effects in humans has been established in great detail, so 
that even quantitative transference of results from animals to humans is possible. 
However, inner ear damage generally occurs at much higher noise levels than the 
environmental levels under discussion in this paper. Therefore interest focuses on 
animal models with respect to extra-aural noise effects. 

LIMITING ASPECTS OF ANIMAL MODELS 
Other than in studies on aural effects, the animal model does not allow quantitative 
comparisons in studies o f extra-aural noise effects. It may, however, be used for the 
qualitative investigation of pathophysiological mechanisms following exposure to 
acute and very short sounds. But an animal model for long-term noise effects as 
caused by chronically repeated noise exposures needs careful planning . First it has to 
be ensured that stress reactions in both humans and animals when activated by noise 
exposure are qualitatively comparable. Secondly, the stress effects of chronic noise 
exposure have to be assessed in humans, and the animal models should be designed 
correspondingly. However, in the animal model, influences from cortica l intercon
nections have to be excluded as a factor in these noise experiments. Naturally, one 
cannot expect to establish an animal model for indirect environmental noise effects 
which in humans may, for example, disturb activities such as verbal communication, 
which in turn may induce stress hormone increases. 

STRESS HORMONES IN NOISE-EXPOSED ANIMALS 

HABITUATION 
In short-term experiments any kind of exposure to loud noise will cause a cute 
increases of stress hormones. Long-term repeated noise exposure, however, will 
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cause a certa in habituation in the animal. Periodic repetitions of identical noise 
bursts lead to almost complete habituation. This was pro bably the main r eason why 
Borg (1981) found no adverse health effects in rats exposed for thei r whole lives to 
periodic noise pulses. Therefore, random series o f noise pulses are now applied in 
most long-term studies. 

Selye (1974) had already stared that no t a ll stages of a stress response are noxious, 
especially in the case of mild or brief exposures. Since environmental noise is a mild 
srressor, adverse health effects a re only to be expected under the condition that 
repeated noise exposures induce long-term stress hormone changes. According to the 
Allosta tic Load Model (McEwen, 1998), the normal response to an environmental 
stressor such as noise is the physiological activation of the end ocrine system enabling 
the body to cope with the stressor and , after the stress situatio n is term inated, to shut 
off the allostatic response. 

J.D. HENRY'S MODEL OF BEHAVIOURAL STRESS EFFECTS 

On the basis of the available litera ture on stress effects in animals and humans, 
Henry (1992) developed a model with regard to different biological effects and 
health risks associated with diffe rent coping styles. He explains that the neuroen
docrine response to various challenges and threats varies according to the type and 
d egree o f control a mammal can exert over it. T his in turn is strongly determined by 
the anima l's previous experience. In general, the sympathetic adreno medulla ry sys
tem is preferentially activated when the animal displays an act ive response to escape 
from or deal with an envi ronmental challenge. This is the fight/flight mo de of stress 
response. The adrenocortica l axis is preferentially activated as the subjects become 
immobile/passive when no control or threat of its loss is experienced. This is the con
servatio n/withdrawal mode of response. 

THE NOISE STRESS MODEL 

O n the basis of noise effect studies in animals and humans (for review see Ising and 
Braun, 2000), a noise stress model was developed. It describes a differentia t ion of 
prevailing "stress hormones" under noise exposure. Predominantly adrenaline - and 
to a lesser degree noradrenaline - are released from the adrenal medulla as the nor
mal response to novel noise st imuli of moderate intensity. Following long-term noise 
exposures of moderate intensity habituation will alter the respon se mode and p re
dominantly noradrenaline is released. As a response to extremely intensive noise, 
near the inner ear pain threshold, predo minantly cort isol is released from the adre
nal cortex induced by increased releases of adrenocorticotropic horm one (ACTH ), 
especially in the case of unexpected noise. 

The described d ifferentia tion will only be observed under specia l conditions. 
Unexpected exposure for three minutes to white noise at 75 dB leads, in dogs that 
are awa ke, to increased adrenal secretion of adrenaline and noradrena line and - fol
lowing a delayed increase in plasma ACTH - an increase in cortisol secretion 
(Engeland, Miller and Gann, 1990). 

The cortisol response as described is valid for animals and h umans in their active 
phases. During sleep , however, several studies in humans showed cortisol increases 
under exposure to t ra ffic noise of mo derate levels (M aschke, Arndt and Ising, 1995; 
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Evans et al.2001; Ising and Ising, 2002; Ising et al., 2004). It was hypothesized 
that noise stimuli signalling a danger, fo r example the noise of an approaching 
lorry, will , during sleep, normally generate a defeat reaction, which includes the 
release of cortisol from the adrenal cortex. Appropriate studies with sleeping an i
mals after conditioning them - for example with a specific noise stimulus followed 
by pain - sho uld be carried out to test this hypothesis. 

Rats were exposed for a period of 12 hours to low-altitude flight noise - repro
duced electro-acoustically once per hour on average at stochastically fluctuating 
intervals (L Amax 125 dB, 10 dB downtime: 1 s, Leq: 89 dB) (Ising et a l. , 1991; Ising, 
199 3 ). Adrenaline and noradrenaline excretions tended to decrease, whereas plas
ma cortisol increased significantly. Although in rats corticosterone is secreted 
rather than cortisol, we will simplify this paper by using cortisol for rats all the 
same. In this experiment, as well as in all others of our group, normally four rats 
were kept in one stainless steel cage, which was set on a funnel to collect their 
unne. 
These results show that exposure to noise levels approaching or exceeding the pain 
threshold of the inner ear leads to endocrine reactions qualitatively different from 
those induced by less intensive noise. 

The different endocrine reactions to acute and chronic noise exposure were stud
ied in rats by Gesi et al. (20026). They were exposed either to a single (6-hour) 
session of loud (100 dB(A)) noise, or to the same noise stimulus repeatedly every 
day for 21 consecutive days. Exposure to noise for 6 hours on one day induced 
parallel increases in dopamine, noradrenaline and adrenaline concentrations in tis
sue samples of the adrenal medulla. After 21 days of noise expornre, noradrena
line concentration was significantly higher than in controls, and that of adrenaline 
decreased significantly. Cortisol was not assessed in this study. 

In another subchronic noise experiment, rats were exposed to irregular w hite noise 
at 90 dB for 3 and 9 ho urs per day during 18 and 8 days respectively (van Raaij 
et al., 1997). In rats with 3 hours of exposure per day the blood concentrations of 
ad renaline, noradrenaline and cortisol did not differ from controls. Exposure for 
9 hours per day, however, resulted in significantly increased concentrations of 
noradrenaline and cortisol. At the end of the experiment all anima ls were subject
ed to restraint stress and their endocrine reactions were assessed . The authors sum 
up their findings as follows: these results indicate that chronic noise exposure at 
mild intensities induces subtle but significant changes in hormonal regulation. 

The results of another experiment with different levels of random white noise puls
es during 4 5 minutes per hour, 12 hours per day for 8 days demonstrate that cor
tisol responses to subchronic mild noise exposure do not m onotonously increase 
with the noise levels (Bijlsma et al., 2001). While in rats exposed to 95 dB pulses 
plasma cortisol concentrations were raised twofold against controls, the exposure 
to 105 dB pulses did no t increase cortisol significantly. 

The time dependency of cortisol increase in the blood of rats under exposure to 

white noise (100 dB, 6 hours per day for 21 days) was examined by Gesi et al. 
(2001). The authors found a progressive increase in cortisol which reached a 
plateau 9 days from the beginning of exposure. 

In summing up the results of these studies we can reach the following conclusions. 
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• Acute exposure to unexpected and novel noise of moderate intensities leads to acti
vation of both the sympathetic adrenal-medullary system w ith increased secretion 
of adrenal ine and noradrenaline, and the HPA axis with increased seaerion of 
ACTH and of cortisol from the adrenal cortex. 

• Under chronic exposure to unpredictable noise, adrenaline secretion is reduced to 
normal o r subnormal values while noradrenaline and ACTH/cortisol concentra
tions remain increased. 

• Extremely intensive unpredictable noise near the inner ear pain threshold triggers, 
in mammals that are awake, a defeat reaction with increases of ACTH/cortisol 
while the catecholamines adrenaline and noradrenaline remain normal or are 
slightly decreased. 

• Chronic noise exposure at mi ld intensities will induce changes in hormonal regu
lation, if the ind ividual threshold of a llostasis is exceeded. A chronic allostatic load 
leads to subtle but significant changes in hormonal regulation, which are at pres
ent not fully understood. 

EFFECTS OF PRENATAL NOISE EXPOSURE 
ON THE SENSITIVITY TO STRESS 

Pregnant rats were subiected to noise and light stress, three rimes weekly on an 
unpredictable basis throughout gestation (Weinstock et al., 1998). Blood concentra
tions of adrenaline, noradrenaline and cortisol at rest and after footshock were 
assessed. At rest cortisol was significantly increased in offspring of stressed rats in 
comparison to controls while adrenaline and noradrenaline did not differ in either 
of the groups. After footshock, noradrenaline was significantly higher in offspring of 
stressed rats, showing that prenatal stress can induce long-term changes in the sen
sitivity of the sympathicoadrenal system to stress . 

Pregnant monkeys were repea tedly exposed to unpredictable noise during days 
90-145 after conception (Clarke et a l. , 1994). Blood concentration of ACTH and 
cortisol were measured in offspring of stressed and control monkeys at rest and 
under four progressively stressful conditions. Prenatally stressed offspring showed 
higher ACTH than controls in all four stressful conditions while cortisol did not 
change under stress. These results indicate that p renata l stress may have long-term 
effects on the HPA axis regulation. 

EFFECTS OF NOISE EXPOSURE ON CORTISOL 
AND THE IMMUNE SYSTEM 

The effect of acute noise stress on rats was studied by assessing blood concentrations 
of cortisol and total as well as differentia l leukocyte count (Archana and 
Namasivayam, 1999). A significant increase in cortisol and a significant decrease of 
total leukocyte counts were found. 

Rats were exposed to " rock " music (80dB) for 24 hours (McCarthy, Quimet and 
Daun, 1992). In vitro stimulation of leukocyte subpopulations revealed several noise 
effects. Neutrophils and macrophages secreted significantly less superoxide anion 
and interleukin-!. Such effects may be detrimental to wound healing. 
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Pregnant rats were from gestation day 15 to day 21 daily exposed to the noise of a 
fire alarm bell (LAmax = 85-90 dB) delivered randomly for 1 hour (Sobrian et al., 
1997). In developing offspring mitogen-specifi<.: alterations in lympho pro liferatic 
activity and reduced immunoglobulin G levels were found at postnatal day 21. 
Aguas et al. (1999) exposed a specia l breed of mice to low frequency noise - a model 
of noise - for three months as described below (Castelo Branco et al. , 2003 ). These 
mice spontaneously developed an autoimmune disease at 6 m onths of age. Chronic 
low frequency noise exposure accelerated the expression of the autoimmune disease 
and affected the immune system, which was associated with kidney lesio ns and 
increased mortality. 

Embryotoxic effects 
Geber (1973) exposed pregnant rats day and night for three weeks to constantly 
changing sound mixtures between 76 and 94 dB for 6 minutes per hour, day and 
night, and demonstrated embryotoxic effects, no tably calcification defects in the 
embryos. 

Pregnant rats on a modera tely magnesium deficient diet were exposed to noise dur
ing their active phase from 20.00 to 08.00 for three weeks (stochastically applied 
white noise impulses LAmax: 87 dB, Leq: 77 dB, t: 1 s duration) (Gunther et al. 1981 ). 

As compared to controls on the same diet, there was no difference in bone mineral
ization. The only significant effect was an increased fetal resorption rate. 

The noise was changing in Geber's experiment but the noise level was comparable to 
the noise impulses stochastically applied by Gi.inther et al. (LAmax = 87 dB). Since 
these impulses were more frequent, their stress effect was at least as strong as the 
noise exposure employed by Geber. Therefore the major factor that differentiated the 
two exposure types in causing a reduced mineralizatio n of the rat skeletons (Geber, 
1973) must have been the additiona l noise exposure during sleep. 

Castelo Branco et a l. (2003) studied Wistar rats born under lo w frequency noise 
exposure. The third octave level of the applied broadband noise was> 90 dB for fre
quencies between 50 and 500 Hz. The broadband level was 109 dB(lin). The expo
sure schedule was chosen as a model for occupational noise: 8 ho urs per day, 5 days 
per week, and weekends in silence. Third generation rats born in low frequency 
noise environments were observed showing teratogenic malformations including loss 
of segments. 

Morphological alterations in the myocardium caused by acute noise 
Gesi et al. (2002a ) reviewed the literature and stated that in experimental animals 
undergoing noise exposure, subcellular myocardial changes have been reported, 
especially at mitochondrial level; in particula r, after 6 hours of exposure only the 
atrium exhibited significant mitochondria l alterations, whereas after 12 hours as 
well as subchronic exposure both atrium and ventricle were damaged. 

Exposure of rats to 100 dB(A) noise for 12 hours caused a significant increase of DNA 
damage accompanied by ultrastructural alterations and increased noradrenaline con
centrations in the myocardium (Lenzi et al., 2003). In another paper this group 
described an increase in mitochondrial calcium (Ca) influx caused by the same noise 
exposure. They described Ca accumulation at myocardial subcellular level. Summing 
up their results they wrote that: moreover, the present results joined with previous evi-
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dence indicate that calcium ac<.:umulation is the final common pathway responsible for 
noise-induced myocardial morphological alterations (Gesi et al., 2000). 

Connective tissue proliferation 
Hauss, Schmitt and Miiller (1971) described a proliferation of connective tissue in 
the myocardium of rats under acute exposure to noise. 

On the basis of these results a noise exposure experiment was carried out of 5 weeks 
with day and night exposure to stochastically triggered bells (LAmax: 108 dB, t (dura
tion of one signal):! s, Leq: 91 dB) (Ising, Noack and Lunkenheiner, 1974). We con
firmed the results of Hauss, Schmitt and Miiller (1971) using an electron microscope 
to demonstrate fibrosis in the interstitial tissue of the myocardium. Additionally elec
tron dense areas (visible as black spots) located within bundles of collagen in the 
myocardium were observed. According to Selye (1962), these dark areas were most 
probably ..:aused by high con..:entrations of ..:alcium (Ca ) ..:arbonate or ..:akium phos
phate deposits. This suggestion is consistent with the results of Gesi et al. (2000). 

Afrer publication of these findings, a reservation was correctly voiced that, as the noise 
exposure had not left intervals for sleep, it was not certain whether the myo..:ardial 
damage was provoked hy the noise stress as such or by a noise-induced lack of sleep. 
Fo r this reason, all subsequent experiments provided for noise-free intervals of 8 to 12 
hours during the rats' inactive phases to enable them to sleep. 

Rats were exposed for 28 weeks to a random series of white noise impulses from 
16.00 to 08.00 daily with an 8 hour rest in their inactive phase (Ising et al., 1979). 
The third octave spectrum of the noise was fl at between 5 a nd 25 kHz and had a 
third octave level of 88 dB (lin) (broadband LAmax = 97 dB(lin). Leq = 87 dB(lin)). 
The duration of noise impulses was 4 seconds and the noise to pause ratio 1: 10 on 
average. There was a small but significant increase in hydroxyproline as indicator of 
..:ollagen in the ra ts' left myo..:ardium. Ele..:tron mi..:rographs showed, similar ro the 
earlier experiment, collagen bundles in the otherwise empty interstitial space but no 
indi..:ation of calcium deposits. 

Respiratory effects 
Castelo Branco et a l. (2003) studied respirato ry epithelia in Wistar rats born under 
low frequency noise exposure and further exposed for up to 5403 hours during more 
than 2.5 years. The third octave level of the applied broadband noise was > 90 dB 
for frequencies between 50 and 500 Hz. The broadband level was 109 dB(lin). The 
exposure schedule was chosen as a model for occupational noise: 8 ho urs per day, 5 
days per week a nd weekends in silence. Rats were gestated and born under the 
described noise exposure with additional exposures from 145 to 5304 hours. 
Transmission electron mi..:rographs of the tracheal epithelium of rats exposed for 
2438 hours revealed a subepithelial layer of hyperplastic collagen bundles, several of 
them exhibiting a degenerative pattern. The results indicate an increased proli fera
tion as well as degenerative processes of collagen. 

Castelo Branco et al. (2003) observed sheared ci lia in the respiratory epithelia of 
Wistar rats born under and further chronically exposed to low frequency noise. As 
interpretation of their findings they stated that both mechanical and biochemical 
events may be responsible for this pattern of trauma. 

Electrolytes: Ca/Mg shift 
Acute exposure of rats to the fast rising overfl ight noise of low flying fighter planes 
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reaching levels of up to 125 dB(A)) {Ising et al., 1991; Ising, 1993) resulted not only 
in an increase of cortisol but also in a decrease of intracellular magnesium (Mg) and 
an increase of Mg excretion. 
In guinea pigs, acute stress - due to 2 hours of noise exposure (95 dB white noise) 
or to overcrowding in the cage - caused significant increases of serum ~1:g and 
decreases of erythrocyte Mg (Ising et al. , 1986). 

For chronic noise experiments an additional stress factor had been sought which 
would ai:t synergistically with unwanted noise, since in the above described noise 
experiment, half a year of exposure led to but relatively mild health effects (Ising et 
a l. , 1979). The justification for using two stressors derives from the fact that humans 
have to cope with a whole range of more or less synergistic stress factors and not 
with noise alone. 

Organic damage as a result of chronic stress is likely to occur only under the condi
tion that the overall exposure to stress exceeds a certain tolerance level during a rel
atively long period of time (Selye, 1974). For technical reasons, the two options 
ava ilable to supply a suitable additional stress factor were the cold or a magnesium 
(Mg) deficiency. Both factors, like habitual noise, cause an increased noradrenaline 
secretion. For practical reasons different degrees of a magnesium-deficient diet were 
selected as an additional stress factor. Noise exposure was provided by electro
acoustically reproduced traffic noise of LAmax: 86 dB, Le9: 69 dB over 12 hours dur
ing the rats' active phase. For one group the noise level was slightly increased (Leq: 
75 dB). The experiment lasted 16 weeks (Gunther, Ising and M erker, 1978). 
Magnesium deficiency combined with noise exposure led to dose-dependent increas
es in adrenaline and noradrenaline, which can be used to quantify the overall stress 
of the dietary treatment. As stress grew, the hydroxyproline (as an indicator of col
lagen) and calcium (Ca) content of the myocardium increased while the magnesium 
content decreased. Long-term stress therefore resulted in an intracellular Ca/~1:g 
shift. 

Altura et al. (1992) studied the relationship between microcirculation (measured sev
eral days after termination of noise exposure), hypertension and Ca/Mg shifts in vas
cular walls of noise-stressed rats on Mg deficient diets. Noise exposure during the 
first 8 weeks was set to an energy equivalent level of 85 dB(A) from 20.00 to 08.00. 
N oise impulses were randomly switched on at randomized peak levels of 80, 90 and 
100 dB(A). During the final 4 weeks the equivalent noise level was elevated to 95 
dB(A) and the da ily exposure increased to 16 hours with an 8 hour rest during the 
animals' inactive phase. In aortic and port vein smooth muscle the Ca content 
increased with rising noise exposure, with decreasing Mg uptake, and with the com
bination of both together, whi le the Mg content decreased. Parallel to this the reac
tivity of terminal arterioles to noradrenaline was increased (Fig.la). 

Stress-induced Ca/Mg shifts in smooth muscle cells have the potential to increase the 
risk of hypertension and myocardial infarction (Ising, Havestadc and Neus, 1985). 
Stress increases the membrane permeability of catecholamine-sensitive cells, which 
in turn raises Ca influx into cells and liberates intracellular Mg. A depression of cat
echolamine-induced vasoconstriction by stress-dependent hypermagnesemia (excess 
serum Mg concentration) has been demonstrated experimentally. However, the ben
efit from this stress-depressing hypermagnesemia is obtained at the expense of 
increased renal M g loss. In the long run, chronic stress combined with suboptimal 
Mg in diet will reduce the Mg release in acute stress situations, causing an increase 
of vasoconstriction and raising the risk of hypertension. 
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Fiq.1 
Effects of 12 weeks noise exposure, Mq deficient diet and the comblna· 
tion of both in Wistar rats. (a) Ca/Mq shifts in vascular smooth muscle, 
Mq concentration in blood and reactivity of arterioles to noradrenaline. 

(b) Systolic BP, capillary blood flow velocity and 
numbers of capillaries/volume. 
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Further analysis of the experimental results led to an interaction model between 
chronic stress and intracellular electrolyte shifts (Ising, 1981; Ising et al. , 1986) 
(Fig.2). Chronic stress caused a loss of extracellular and intracellular Mg and an 
increase in intracellular Ca (Gunther, Ising and Merker, 1978). A decrease of Mg was 
correlated with an increase in physiological noise sensitivity, that is, to more severe 
noradrenaline releases in animals and humans under noise exposure (Gi.inther, Ising 
and Merker, 1978; Ising, Havestadt and Neus, 1985; Ising et al., 1986). There was 
a positive feedback mechanism between stress - caused by noise and other stressors 
- and intracellular Mg/Ca shifts, which may end in a circulus vitiosus and increase 
cardiovascular risks. 
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Fig. 2 
Interaction between stress and 
Ca/Mg shifts and Its long term 
consequences 

Suboptimal 
Mg intake 

Decrease of extracellular 
Mg'·. increase of Ca 2• influx, 
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Rothlin, Cerletti and Emmenegger (1956) exposed rats for 1.5 years, day and night, 
to 90 dB "audiogenic stress" anJ o bserved a raising o f sysrolic.: BP values from 120 
mm H g to about 150 mm Hg. He used a cross-breed of Albino rats and wild 
Norwegian ra ts since Albino rats did not develop hypertension under noise expo
sure. After termination of exposure the BP returned to normal. 

Albino rats were exposed to noise during their who le lifespan (for review sec Borg, 
1981) to periodic noise impulses of 80 and 100 dB. This periodic exposure had no 
detrimental health effects, which can be understood on the basis o f the work of 
Glass, Singer and Friedmann (1969). Unpredictable noise presentation was shown to 
cause lasting cortisol increases in rats in contrast to periodic exposure to 100 d B, 
which led to adaptation (De Boer, van der Gugten and Slangen, 1989). T he unpre
dictability of a noise is a decisive precondition of long-term stress effects. 

Exposure of primates to traffic no ise for 10 hours per day during 9 m onths led to a 
significant BP increase, which persisted during 3 weeks after termination of exposure 
(Peterson et al., 1981). A replication of this experiment with a different species of 
primates failed to show an increase of their BP (Turkkan, Hienz and Harris, 1983). 

In the above-mentioned experiment of Altura et a l. (1992), exposure to unpre
dictable noise impulses led within 12 weeks to irreversible ch anges of microcircula
tio n and an increase o f systolic BP (Fig. lb). The observed rareficatio n of capillaries 
in the mesenrery can be interpreted as an indicator of accelerated ageing of the cir
culatory system. 

Ageing and lifespan 
T he cortisol response and recovery after immobilization stress was compared in 
young and old rats. T he results are demo nstrated in Fig. 3 together with Sapolsky's 
Glucocorticoid Cascade M odel (Sapolsky, Krey and McEwen, 1986). The stress 
response of young and o ld rats is more or less the same. However, while the young 
ra ts recover immed iately a fter termination the old ones recover only in part. 

NIGHT NOI SE GUIDELINES FOR EUROPE 

 
016140



APPENDICES 

50 

Young rats v-Old rats 
"-

Fig. 3 
Above: Recovery after stress 

(young and old rats). 
Below: Sapolsky ' s 

Glucocortlcold 
Cascade Model 

STRESS 

40 

~ 

10 

0 I I 
R est immobilization 

stress 
0 

DOWN - REGULATION 

~ ~--~--~ NEURONAL LOSS ---~ 

CORTICOSTERONE RECEPTOR 
HYPERSECRETION LOSS 

~ 
INSENSITIVITY 

i 
Recovery 

Time----

\ 
CONCOMITANTS O F 
HYPERADRENOCORTICISM 

lmmunosuppression 
Muscle A!iophy 
Osteoporosis/Hypercarcemla 
HyperglycemiaJHypcrlipidemla 
Arterio'iClerosls 
Steroid diabetes 

-

-

r- -

4h 

Therefore, acute stress leads, in old animals, to considerably prolonged cortisol 
increases. On the other hand, chronically repeated stress activates the HPA axis and 
can cause cortisol receptor losses even in younger animals, a process generally devel
oping only in old age. Finally, chronic cortisol hypersecretion may occur a long with 
fo llow-up health defects. 

Aguas et a l. o' 999) exposed a special breed of mice to the above described model of 
occupatio nal low frequency noise for three months. Chronic low frequency noise 
exposure accelerated the expression of the autoimmune disease and was associated 
with kidney lesions and increased morta lity. 

Chronic noise exposure of animals on a suboptimal Mg diet led t o increases of con
nective ti ssue and calcium and decreases of M g in the myocardium (Giinther, Ising 
and Merker, 1978). These changes were correla ted with noradrenaline changes. Since 
they are a lso correlated with normal ageing, the noise stress induced changes may be 
interpreted as accelerated ageing (Ising, Nawroth and Giinther, 1981). Even the lifes
pan was redu..:ed in rats on an Mg deficient diet, and was further dose-dependently 
reduced in combination with noise exposure (see Table 1). 
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Treatment Effect 

4 months 3 months Urine 

Mg in diet Noise Noradre- Adre-
naline naline 

Le,/LAmax (µgig Cre) 

control ambient 18 ± 4 12 ± 2 
suboptimal ambient 23 ± 4 18 ± 2 
suboptimal 69/86 dB 37 ± 11 16 ± 2 
deficient ambient 98 ± 17 20 ± 5 
deficient 69/86 dB 129 ± 19 41 ± 10 
deficient 75/86 dB 172 ± 26 60 ± 15 

APPENDIC ·S 

Table 1 
Effects of noise exposure combined with 
dietary Mg-deficiency in rats 

Myocardium Death 
rate 

Hydroxy- Ca Mg 
proline 

(mg/g dry (mg/g (mg/g 
wt.) d.w.) d.w.) 

3.0 ± 0.1 3.0 ±0.2 37.5 ±0.8 0 
3.0 ± 0.1 3.5 ±0.5 38.0 ± 1.7 0 
3.0±0.1 4.3 ± 0.2 37.9 ± 1.3 0 
3.9 ± 0.1 6.2 ± 0.7 31.2 ± 1.4 38% 
4.6 ± 0.1 6.7±0.6 29.8 ±1.8 62% 
5.6 ± 0.9 8.0 ± 0.9 26.8 ± 0.8 75% 

Adrenaline and noradrenaline excretion was measured during the fourth week of 
noise exposure; death rare is related to the 4-month period of Mg treatment; all 
other parameters were determined at the end of the experiment (mean values± S.E.). 
Noise has the potentia l to cause stress reactions which arc enhanced by suboptimal 
magnesium intake. Chronic noise-induced stress accelerates the ageing of the 
myocardium and thus increases the risk of myocardial infarction. The involved path
omechanisms include increases of catecholamines and/or cortisol under acute noise 
exposure and an interaction between endocrine reactions and intracellular Ca/Mg 
shifts. 

WHAT CAN BE LEARNED FROM ANIMAL STUDIES 
ABOUT NOISE EFFECTS IN HUMANS? 

The effects of low frequency noise - the "vibroacoustic disease" - were studied pri
mari ly in humans (for review see Castello Branco and Alves-Pereira, 2004). 

In this context, the amygdalar contribution to conditioned fear learning, revealed for 
normal human subjects, has to be mentioned. Longer lasting activation of the HPA 
axis, especially abnormally increased or repeatedly elevated cortisol levels may lead to 
disturbances of the hormonal balance and even severe diseases in man (Spreng, 2000). 

Catecholamines induce various detrimental effects on the heart (Ceremuzynski, 
1981). Additionally, magnesium deficiency causes alterations of serum lipids 
(Weglicki et al. , 1993), cytokines (Rayssiguier, 1990) and prostaglandines (Nigam, 
Averdunk and Giinther, 1986), in particular an increase of thromboxan, which is 
released from thrombocytes (Neumann and Lang, 1995) and several other cell types 
and - in turn - rhromboxan A2 can aggregate thrombocytes. All these alterations may 
increase the risk of myocardial infarction. 
Beside these cardiovascular stress effects, chronically increased cortisol may induce 
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neuronal degeneration and thus accelerate the ageing also of the brain (Sapo lsky, Krey 
and McEwen, 1986), not only in rats but in humans as well (Sapolsky, 1994). 

The importance of Ca/Mg shifts was confirmed by post mortem studies of hearts from 
victims of !HD (Elwood et al. 1980). The tissue samples were taken from areas of the 
myocardium not affected by the infarction and the results were stable after control
ling for several confounders. The results are shown in Table 2. With normal ageing 
Ca increases and Mg decreases in the myocard ium. This process is accelerated in 
myocardial infarction patients, which indicates an accelerated ageing of these peoples' 
heart muscle under the pathogenic influences that lead to myocardial infarction. 

Table 2 
Age dependency of myocardial Ca and Mg 
contents in lschaemlc heart disease (IHD) 

!HD deaths and non IHD deaths. (Mean Value :t SD, numbers in brackets} 

Ca [µg/g] 

Mg [µ gig] 

Ca/Mg 

Group 

Non !HD 

!HD 

Non !HD 
!HD 
Non !HD 
!HD 

Age< 45years 

43 ± 15 
(175) 
48 ± 10 
(48) 
183 ± 28 
170 ± 29 
0.24 
0.28 

45-64 years ::'.: 65 years 

50 ± 14 57 ± 22 
(281) (155) 
53 ± 17 58 ± 21 
(389) (188) 
173 ± 34 178 ± 30 
157 ± 30 156 ± 27 
0.29 0.32 
0.34 0.37 

Another factor which decreases Mg and increases Ca (Hofecker, Niedermiiller and 
Skalicky, 1991) and collagen (Caspari, Gibson and Harris; 1976, Anversa et al. , 1990; 
Gibbons, Beverly and Snyder, 1991) in the myocard is normal ageing (Ising, Nawroth 
and Gunther, 1981). Therefore, it is plausible that the age-dependent decrease of M g 
in hearts of !HD victims was about double of that in age-matched non-IHD deaths. 
This is therefore an indication that age- and stress-dependent electrolyte changes exist 
in humans and may be correlated with an increased risk of IHD. 

Long-term experiments with Mg-deficient and noise-stressed rats showed that con
nective tissue and Ca in the myocardium increased with age while Mg decreased. 
Hence, stress caused by noise or cold is enhanced by suboptimal M g intake and 
accelerates the ageing of the heart and decreases the lifespan (Heroux, Peter and 
Heggtveit, 1977; Ising, Nawroth and Gunther, 1981; Gunther, 1991). 

Since coronary arteriosclerosis increases strongly with age (Lakatta, 1990) a biolog
ically older heart is at a higher risk of !HD and of myocardial infarction. The inter
action process described seems to be one of the pathomechanisms by which chronic 
noise stress increases the risk of myocardial infarction. 

Several of the risk factors described in the literature to explain the correlation of 
work stress with myocardial infarction have been found to be increased under noise
induced stress as well, that is, increases of BP and total cholesterol. 
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APPENDIX 4. NOISE AND SLEEP IN CHILDREN 

FACTORS THAT MODIFY AUDITORY AROUSAL 
THRESHOLDS IN CHILDREN 

By the time that m ost studies were conducted in infants, it had become progressive
ly evident that arousal and awakening thresholds a re influenced by a variety of fac
tors. These significantly modify the response to ambient noise of sleeping infants. 
Some factors inhibit the arousal response, while others enhance the response. 

PRENATAL AND PERINATAL FACTORS 

Age of gestation 
In 97 healthy infants, auditory awakening thresholds decreased significantly from 
the 44th to the 60th week after conception (Kahn, Picard and Blum, 1986). 
Awakening thresholds were defined as the infant opening their eyes and/or crying. 
Mean awakening thresholds dropped from 98.5+/-l l at the 44th week after concep
tion to 83 dB(A) by the 60th week after conception. 

Cigarette smoke 
To evalua te the effects of cigarette smoke on polygraphic arousal thresholds, 26 
newborns were studied with polygraphic recordings for one night: 13 were born to 
mothers who did not smoke, and 13 were born to mothers who smoked (over 9 cig
arettes per day) (Franco et al., 1999). Another group of infants with a median post
natal age of 12 weeks were a lso studied: 21 born to non-smoking mothers and 21 
born to smoking mothers. The auditory arousal thresholds of the infants of both age 
groups were measured with the use of auditory challenges o f increasing intensity, 
administered during REM sleep. More intense auditory stimuli were needed ro 
induce arousals in newborns (p=.002) and infants (p=.044) of smokers than in 
infants of non-smokers (mean value of 84+/-11 dB(A) for smokers and 81.6+/-20 for 
non-smokers). Behavioural awakening {infants opening their eyes and/or crying) 
occurred significant ly less frequently in the newborns of smokers (p=.002) than of 
non-smokers. 

It was concluded that newborn and infants born to smoking mothers had higher 
arousal thresholds to audito ry challenges than those born to non-smoking mothers. 
From the present findings, it appeared that the impact of exposure to cigarette 
smoke occurred mainly before birth . 

POSTNATAL FACTORS 

The following postnatal fa<.:rors modify arousa l from sleep. 

Sleep stage 
In infants, auditory stimuli have generally indicated increased responses during 
active as compared with quiet sleep (Busby, Mercier and Pivik, 1994 ). 
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Time of the night 
In 31 infants, the arousal thresholds decreased across the night (mean va lue of 67 +/-
12.5 dB(A) in the first part of the night, for 51+/-3.5 in the third part of the night; 
p=.017) (Franco et al. , 2001). Similar findings had been reported in adult subjects 
(Rechtschaffen, Hauri and Z eitlin, 1966). 

Body position during sleep 
To investigate whether prone or supine sleeping was associated with a differenr response 
threshold to environmental stimuli, 25 3-month-old healthy infants with a median age of 
9 months were exposed to an auditory challenge while sleeping successively prone or 
supine (Franco et al., 1998). Three infants were excluded from the study because they 
awoke while their position was being changed. For the 22 infants included in the analy
sis, more intense auditory stimuli were needed to arouse the infants in the prone position 
(median of 70 db(A), range values 50 to more than 100 db(A)) than in the supine posi
tion (median of 60 db(A), range values 50-90 db(A)) (p=.011). Arousal thresholds were 
higher in the prone than in the supine position in 15 infants, unchanged in 4 infants and 
lower in the prone position in 3 infants (p=.007). It was concluded that infants show 
higher arousal thresholds to auditory challenges when sleeping in the prone position than 
when sleeping in the supine position. The findings could not readily be explained. The 
difference in arousal thresholds could be related to difference in chest wall mechanore
ceptor responses, or differences in BP and/or centra l baroreceptors responses. 

Ambient room temperature 
Two groups of healthy infants with a median age of 11 weeks were recorded polygraph
ically during o ne night: 31 infants were studied at 24°C and 31 infants at 28°C. To 
determine their arousal thresholds, the infants were exposed to white no ises of increas
ing intensities during REM and non-REM sleep (Franco et a l., 2001). The arousal 
thresholds decreased across the night in the infants sleeping at 24 °C 
(p= .01 7). The finding was not found for the infants sleeping at 28°C. When analysing 
the aro usal responses an:ording to time of the night, it was found that the auditory 
thresholds were significantly higher at 28°C (75+/-19 dB(A)) than at 24°C (51+/-3.5 
dB(A)) between 03.00 and 06.00 (p=.003). These findings were only seen in REM sleep. 

Sleeping with the head covered by bedclothes 
To evaluate the influence of covering the face of sleeping infants with a bed sheet, 18 
healthy infants with a median of 10.S weeks (range 8-1S weeks) were recorded po ly
graphically for one night (Franco et a l. , 2002). They slept in their usual supine posi
tion. During sleep, a bed sheet was gently placed on their face for 60 minutes. With 
the face free or covered by the sheet, the infants were exposed to white noises of 
increasing intensities during REM and non-REM sleep. Compared to with their face 
free, during the periods when their faces were covered, the infants had increases in 
pericephalic ambient temperature (p<.0 01 ), increases in REM sleep (p=.035) and 
body m ovements (p=.011 ) and a decrease in non-REM sleep (p<.001 ). Respiratory 
frequency was increased in both REM (p=.001) and non-REM (p<.001) sleep. With 
their face covered, the infants had higher auditory arousal thresholds (mean o f 76+/-
23 dB(A)) than with their face free (mean of 58+/-14 dB(A)) (p=.006). The difference 
was seen in REM sleep only. A positive correla tion was found between pericephalic 
tempera ture and arousal thresholds in REM sleep (r=.487; p=.003). 

Short sleep deprivation 
Following short sleep depriva tion, a study reported that in infants there was no 
measurable change in arousal propensity by auditory stimuli (1 kH z pure tone, deliv
ered in the midline of the cot, from 73 dB and increased in 3 dB steps to 100 dB) 
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during quiet sleep (T homas et a l. , 1996). Another study was undertaken to evaluate 
the influence of a brief period of sleep deprivation on sleep and arousal characteris
tics o f healthy infants (Franco et al., submitted ). Thirteen healthy infants with a 
median age of 8 weeks (range 7-1 8 weeks) were recorded polygraphically during a 
morning nap and an afternoon nap in a sleep laboratory. They were two hours sleep
deprived, either in the morning or in the afternoon before being allowed to fall 
asleep. Six infants were sleep-deprived before the morning nap and seven before the 
afternoon nap. During each nap, the infants were exposed to white noises of increas
ing intensities in REM sleep to determine their arousal thresholds. Following sleep 
deprivation, the infants tended to have less gross body movements during sleep (p = 
.054 ). They had a significant increase in o bstructive sleep apnoeas (p = .012). The 
infants' auditory arousal thresholds were significantly higher following sleep-depri
vation (mean o f 76+/-1 3.5 dB(A)) than during normal sleep (mean o f 56+/-8.4 
dB(A)) (p = .003) and during REM sleep. It was concluded tha t short-term sleep dep
rivation in infants is associa ted with the develo pment of obstructive sleep apnoeas 
and a significant increase in arousal thresholds. 

Pacifiers and breastfeeding 
Fifty-six healthy infants were studied polygraphically during one night: 36 infants 
used a pacifier regularly during sleep; 20 never used a pacifier (Franco et al., 2000). 
Thumb users or occasional pacifier users were not included in the study. The infants 
were recorded at a median age o f 10 weeks (range 6-1 9 weeks). To evalua te their 
auditory arousal thresho lds, the infants were exposed to white noise of increasing 
intensity d uring REM sleep. Polygraphic aro usals occurred at significantly lower 
auditory stimuli in pacifier-users than in nonusers (mean of 60+/-11.6 with pacifiers, 
for 71+/-15.3 without pacifier; p=.010). Co mpared to non-users, pacifier-users were 
more frequently bortle-fed than breastfed (p=.036). 

Among infants sleeping without a pacifier, breastfed infants had lower auditory thresh
olds than bottle-fed infants (mean of 67.7+-13.0 breastfed, for 77. 7+-17.5 bottle-fed; 
p=.049). The question of how a pacifier contributes to protect the sleeping infant might 
be best explained by the observed loss of the pacifier early after sleep onset. This could 
contribute to d isruption of the infant's sleep and favour arousa ls. 

CONCLUSIONS 

Various factors modify auditory arousal responses from sleep in healthy infants. 
Some inhibit a rousals while others enhance the respo nse. To evaluate the effect and 
dose-effect relationship on children therefore requires the careful determination of 
confounders that may bias studies a nd lead to conflicting results. 

Additiona l confounders should be added to the list of factors that modify arousal 
thresholds. These include past experience with the stimulus {Rechtschaffen, Hauri 
and Z eitlin, 1966), or the presence of meaning in rhe noise as both o f them are of 
critical importance in determining the persistence of physica l reactions to the noise 
{McLean and Tarnopolsky, 1977). These are the reasons which lead m ost sleep/wake 
researchers to use white noises to stimulate the sleeping child. 

Knowledge of these variables does little to clarify the physiological d eterminants of 
rhe awakening response, because knowledge of how such variables are rela ted to 
possible physiological d eterminants is little better than that o f the awakening 
response itself {Rechtschaffen , Hauri and Zei tl in, 1966). 
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These findings however, underline the significant dose-response relationship 
between ambient noise and arousal or awakening from sleep in infants. 

NOISE AND SLEEP FOR DIFFERENT STAGES OF 
DEVELOPMENT 

THE FETUS 

The human fetus spends most of its time in a state equivalent to sleep, similar to that 
rccorJeJ in newborn infanrs. The healthy fetus in utero was shown to react to exter
nal noises. This is the result of the development of the human cochlea and peripher
al sensory end organs. These complete their normal development by 24 weeks of ges
tation. Sound is well transmitteJ into the uterine environmenr. Ulrrasonographic 
observations of blink/startle responses to vibroacoustic stimulation are first elicited 
at 24-25 weeks of gestation, and are consistently present after 28 weeks, indicating 
maturation of the auditory pathways of the central nervous system (Committee on 
Environment Health of the American Academy of Pediatrics, 1997). The fetus reacts 
to 1-4 seconds of 100- 130 dB of 1220- 15000 Hz sound. The hearing threshold (the 
intensity at which one perceives sound) at 27-29 weeks of gestation is approximate
ly 40 dB and decreases to a nearly adult level of 13.5 dB by 42 weeks of gestation, 
indicating continuing postnatal maturation of these pathways. 

Teratogenic effects have been descrihed in ,mimals prenatally exposed to noise 
(Committee on Environment Health of the American Academy of Pediatrics, 1997). 
These were associateJ with higher levels of cortisol anJ corricorropin hormones in 
the exposed animals. No such effects could be demonstrated in humans, in whom 
studies on the relation between exposure to noises during gestation and shortened 
gestation or lower birth weights were inconclusive or conflicting. le is possible that 
in these studies, noise could be a marker of other risk factors (Committee on 
Environment Health of the American Academy of Pediatrics, 1997). In conclusion, 
most studies on the effects of noise on perinatal health have been criticized as being 
hampered by serious methodological limitations, both in terms of the measurement 
of exposure and outcome, and fa ilure to control for other known determinants of 
the outcomes under investigation. The lack of properly conrrolled studies makes it 
difficult to draw conclusions about what effects ambient noise has on perinatal out
comes (Morrell, Taylor and Lyle, 1997). 

NEWBORN INFANTS 

A large number of investigations have been concerned with the responses of sleeping 
newborn infants to acoustic signals. Many of the studies arise from a large and gen
eral interest in child devdopmenr as well as from a neeJ for hearing rests for infants 
(Mills, 1975). 

Infant incubators produce continuous noise levels of between 50 and 86 dB(lin) 
(American Academy of Pediatrics, 1974 ). Oxygen inlets produced an additional 2 dB 
(lin). Slamming of incubator doors and infant crying produced 90 to 100 dB(A) 
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(American Academy of Pediatrics, 1974). It was shown that inside incubators, back
ground noise level is about 50 dBA and can reach 120 dBA (Committee on 
Environment Health of the American Academy of Pediatrics, 1997). Much of the 
energy is located below 500 Hz, between 31 and 250 Hz (Mills, 197 5 ). 

Ambient noise appears to influence the quantity and quality of the sleep of new
borns. Some newborns appear to be particularly responsive to ambient noises. 
Sleeping premature, anoxic, o r brain-damaged infants detect intruding sounds better 
than sleeping healthy or term babies (Mills, 1975). 

Newborn infants spend most of their time sleeping. Some studies have documented 
hearing loss in children cared for in intensive care units (Committee on Environment 
Health of the American Academy of Pediatrics, 1997). Noise a nd some ototoxic 
drugs act synergistically to produce patho logical changes of the inner ears of exper
imental animals (neomycin, kanamycin, sodium salicylate). The rela tionship with 
the infant's clinica l condition and associated treatments has, however, not yet been 
clearly defined. Infants exposed to sound levels of incubators are usually premature, 
on drugs and in very poor health. Moreover, the exposures are continuous. A weak 
infant could spend weeks sleeping in such a noise level without rest periods away 
from no ise (Mills, 1975). 

High noise levels may be associated with other types of responses. In young infants, 
sudden loud (of approximately 80 dB) environmental noise induced hypoxaemia. 

Noise reduction was associated in neonates with increases in sleep time, in particu
lar in quiet sleep (Committee on Environment Health of the American Academy of 
Pediatrics, 1997). It also resulted in fewer days of respiratory support and oxygen 
administration. Premature infants cared for with noise reduction had a better matu
ration of electroencephalograms. 

A Committee on Environmental Health of the American Academy of Pediatrics 
(1997) concluded that high ambient noise in the neonatal intensive care unit (NICU) 
changed the behavioural and physiological responses of infants. For all the above 
observations and considerations, sound in infant intensive care units should be main
tained at under 80 dB(A) (Graven, 2000). Among other recommendations, paedia
tricians were encouraged to monitor sound in the NICU, a nd within incubators, 
where a noise level greater than 45 dB is of concern. 

INFANTS (1 MONTH TO 1 YEAR OLD) 

Some studies of the effect o f external noises on the sleep/wake reactions of infa nts 
were conducted in their natural home environment. The reactions o f babies to air
craft noise were studied by means of elecrroplethysmography (PLG) and EEG (Ando 
and Hattori, 1977). The recordings were done in the morning, in the infants' sleep
ing rooms. The infants were exposed to recorded noise of a Boeing 727 at take-off. 
The noise was presented at 70, 80 a nd 90 dB(A) at peak level at the position of the 
babies' heads. The subjects who had not been awakened by exposure to aircraft 
no ise were exposed to music (Beethoven's Ninth Symphony} a t levels of 70, 80 and 
90 dB(A}. The frequency ranged between 100 Hz and 10 kHz. It was found that the 
babies whose mothers had moved to the area around the Osaka International 
Airport before conception (Group I; n:33) or during the first five mont hs of preg
nancy (Group II; n= l 7) showed little or no reaction to aircraft noise. In contrast, 
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babies whose mothers had moved closer to the airport during the second half of the 
pregnancy or after birth (Group III; n=l0 or IV; n=3) and the babies whose mothers 
lived in a quiet living area (Group V; n=8) reacted to the same auditory stimuli . The 
babies in groups I and II showed differentia l responses depending on whether the audi
tory stimuli were aircraft noise or music. Abnormal PLG and EEG were observed in 
the majority of babies living in an area where noise levels were over 95 dB(A). It was 
concluded that the difference in reactivity to aircraft noise may be ascribed to a prena
tal difference in time of exposure to aircraft noise. The reactions diminished after the 
sixth month of life in groups I and II, and the ninth month in groups lII to V. This phe
nomenon may be explained as habituation to aircraft noise after birth. However, in all 
groups, no habituation occurred for a noise level over 95 dB(A) (Ando and Hattori, 
1977). This study was criticized, as the authors did not adjust for several important 
determinants of birth weight, such as prematurity and the mother's age, weight, smok
ing status or socioeconomic status (Morrell et al., 1997). 

Noise levels may be constantly high in paediatric units. The mean noise levels meas
ured in a centre of a surgical recovery room were 57.2 dB(A), while those measured 
at the patients' heads were 65 .6 dB(A) (American Academy of Pediatrics, 1974). In 
a medical unit (6-bed wards containing 5 infants between 3 and 17 months) peak 
sound levels were recorded on the pillow of the cot for 12 min (Keipert, 1985). 
Infant crying produced 75-90 dB(A) and a beeper around 76- 78 dB(A) . Peak noise 
levels recorded at the nurses' station were about 78 dB(A) for telephone, 80 for 
infant crying, public address system, adult talking, and up to 90 dB(A) for child talk
ing (Keipert, 1985). 

In a study conducted on infants exposed to 50-80 dB(lin) in the range of 100-7000 
Hz (American Academy of Pediatrics, 1974), a level of 70-75 dB(lin) for 3 minutes 
led to obvious disturbance or awakening in two thirds of the children. All infants 
awakened after 75 dB(lin) for 12 minutes. 

In other studies conduaed on the effects of awakening and arousal, it was shown 
that white noise intensi ty was significantly lower when it elicited polygraphically 
scored arousals than when it induced awakenings (Franco er al., 1998). 

TODDLERS PREADOLESCENTS (8- 12 YEARS OLD) ADOLES
CENTS (13- 18 YEARS OLD) 

Developmental variations in auditory arousal thresholds during sleep were investi
gated in four groups of normal male subjects: children (n=6; 5- 7 years old), pread
olescents (n= l0; 8-12 years old), adolescents (n=l0; 13-16 years old), and young 
adults (n=10; 20- 24 years old) (Busby, Mercier and Pivik, 1994). Arousal thresholds 
were determined during non-REM and REM sleep for tones (3-s, 1500 Hz pure 
tones delivered in an ascending series of increasing intensity, 5 dB increments begin
ning at 30 dB SPL (sound pressure level) re 0.0002 dynes/cm2 until awakening or 
maximum intensity of 120 dB) presented via earphone insert on a single night fol
lowing two adaptation nights of undisturbed sleep. Age-related relationships were 
observed for both awakening frequency and stimulus intensity required to effect 
awakening, with awakenings occurring more frequently in response to lower stimu
lus intensities with increasing age. In children, 43.1 % of stimuli induced awaken
ings, in preadolescents 54.8%, adolescents 72% and adults 100% (X2=60.37; 
p<.001 ). Partial arousals (brief EEG desynchronization and/or EMG activity with 
the subjects returning to sleep) occurred in 9.8% of children , 4.8% of preadoles-
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cents, 12.2% of adolescents, 0% of adults. Although stimulus intensities required for 
awakening were high and statistically equivalent across sleep stages in non-adults, 
higher intensity stimulus was required in stage 4 relative to stage 2 and REM sleep. 
Frequency of awakening increased with age, whereas stimulus intensities required to 
effect these awakenings decreased with age. These relationships were maintained for 
individual sleep stages. These results confirm previous observations of marked resist
ance to awakening during sleep in preadolescent children and suggest tha t processes 
underlying awakening from sleep undergo systematic modification during ontogenic 
development. The observed resistance to elicited awakening from sleep extending up 
to young adulthood implies the presence of an active, developmentally related 
process that maintains sleep (Busby, Mercier and Pivik, 1994). 

In another study, children aged 5-7 years were shown to be 10-15 dB less sensitive 
to pure tones than adults aged 22-30 (Mi lls, 1975). Another report on m ale hyper
active and normal children aged 8-12 showed that these children were awakened 
with auditory stimulus intensity levels of up to 123 dB SPL, much higher than va l
ues reported for adu lts (range of 50-85 dB) (Busby, Mercier and Pivik, 1994). 

In a study on four children (two males), aged 5-8 years old on the effects of simu
lated sonic booms (68 dB(A) near the subjects' ears}, 94.1 % of the subjects showed 
no change, 5.9% had sha llower sleep, bur none aroused or h ad behavioural awak
ening. In general, the frequency of arousal or behavioural awakenings and of sleep 
stage changes increased with age (up to 75 years) (Lukas, 1975). 

In a prospective longitudinal investigation, which employed non-exposed control 
groups, effects of aircraft noise prior to and subsequent to inauguration of a new air
port as well as effects of chronic noise and its reduction at an olJ airport (6-18 months 
after relocation), were studied in 326 children aged 9-13 years (Bullinger et al., 1999). 
The psychological health of children was investigated with a standardized quality of 
life scale as well as with a motivational measure. In addition, a self-report noise annoy
ance scale was used. In the children studied at the two airports over three time points, 
results showed a significant decrease of total quality of life 18 months after aircraft 
noise exposure as well as motivational deficits demonstrated by fewer attempts to solve 
insoluble puzzles in the new airport area . Parallel shifts in children's attributions for 
failure were a lso noted. At the old airport parallel impairments were present before the 
airport relocation but subsided thereafter (Bullinger et a l. , 1999). 

In some studies, the effects of ambient noise on autonomic responses could be 
demonstra ted in children . In children aged 6-12 years exposed to intermittent traf
fic noise during 4 nights {at a rate of 90 noises per hour; peak intensity of the noise, 
45, 55 and 65 dB(A) varied semi-randomly) and 2 quiet nights. Heart rate was 
affected and relatively higher in noise during REM and stage 2 than during delta 
sleep (Muzet et al., 1980, in Abel, 1990). 

CONCLUSIONS 
Several studies on the extra-auditory effects of ambient noise on sleeping children were sum
marized in Table 1. In relation to ambient noise, specific.: changes were reported in both sleep 
quality and quantity. Some of the effects were shown to have a dose-response relationship. 
Several limitations to the present report should be discussed. Firstly, no one knows 
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whether the inference that is often made that the effects of noise might develop with a 
longer exposure time (Abel, 1990) is correct. Serious cardiorespiratory or autonomic 
changes, such as increases in BP could only develop following a long time exposure 
starting from childhood. This, in fact, has never been documented, nor has the extent 
of variability between subjects due to difference in susceptibility. Secondly, there is no 
information ro evaluate whether adaptation to ambient noise could limit the effects 
observed during short-term experiments. Thirdly, as the existing research data are appli
cable to generally healthy children, no one knows how the reported findings could be 
applied to ill children, children receiving medical treatment or very young premature 
infants. Finally, as most studies were conducted in laboratory controlled environments, 
no one knows the correlation between these studies and the effects of noise in the home. 
The mulrifactorial effects of the environment on sleep and arousal controls could be 
much more complex than expected. One might predict that, similarly as for adults, the 
effects of noise on the child's sleep and health are very complicated and depend upon 
the spectrum and level of the noise, temporal aspects of the noise, psychological 
responses to the noise and the nature of the evaluation technique. The complexity of the 
conditions related to sleep/wake controls was illustrated by the review of confounding 
factors affecting auditory arousal thresholds. 

Despite these limita tio ns, it can be concluded that , based on t he evidence avail
able, the extra-auditory effects of noise could be pervasive, affecting the chil
dren's physical and psychological well-being. Changes in sleep quantity and qual
ity together with autono mic reactio ns a re seen when a chi ld is exposed to ambi
ent noise during sleep. Ambient noise exerts a dose-effect relationship on changes 
in sleep/wa ke behavio urs. These reflect modifications induced w ithin the brain of 
the sleeping child. Ir remains, however, ro be determined what pervasive effects 
long-term exposure to ambient noise has on the child's development, health and 
well-being. Evidence should also be defined to support an enforcement of stra te
gies for no ise reduction a t the source as suggested by some studies. Noise-induced 
health effects on children, a dinii:al and public health i:oncern, should be evalu
ated by further studies. 

No. dB(A) % res- Type of responses 
ponscs 

1 80 
2 60 

70 10 
80 20 

100 60 
3 60 

65 10 
70 40 
4 80 
5 100 

6 100 
7 100 
8 60 
9 120 

10 75 

70 
5 

7 

70 
70 

76 
86 
100 
72 

75 

Nenonates motor response 
Neonates startle response 

Neonates startle response 

Child awake 
Child awake 

Preadolescent awake 
Adolescent awake 
Adult 
Infant awake 

Infant awake 

Reference 

Steinschneider 1967 
Gad eke et a l., 1969 

Ashton 1967 

Semczuk 1967 
Busby, Mercier 
and Pivik 1994 

Kahn, Pirnrd and 
Blum, 1986 
Gadeke et a l., 1969 

Table 1 
Arousal and 
awakening in 
children 
a review of 
the literature 
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Environmental noise is a threat to public health, having 
negative impacts on human health and wellbeing. This 
book reviews the health effects of night time noise expo
sure, examines dose effects relations, and presents inter
im and ultimate guideline values of night noise expo
sure. It offers guidance to policy-makers in reducing the 
health impacts of night noise, based on expert evalua
tion of scientific evidence in Europe. 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

EXHIBIT 

EL18-026 - IN THE MATTER OF THE 
APPLICATION BY PREVAILING 
WIND PARK, LLC FOR A PERMIT OF 
A WIND ENERGY FACILITY IN BON 
HOMME COUNTY, CHARLES MIX 
COUNTY AND HUTCHINSON 
COUNTY, SOUTH DAKOTA, FOR THE 
PREVAILING WIND PARK PROJECT 

* APPLICANT'S UPDATED RESPONSES 
* 
* 
* 
* 
* 
* 
* 
* 

TO STAFF'S DATA REQUESTS NOS. 2-
13, 2-14 and 2-16 

EL18-026 

Below please find Applicant's Updated Responses to Staff's Data Requests Nos. 2-13, 2-
14 and 2-16 to Applicant. 

2-13) Referring to the Sound Study (Appendix M), would it be necessary to include the 
existing Beethoven Wind Project in the model to capture the cumulative noise 
impacts to receptors in or near the Project Area? If not, please explain why. 

Chris Howell: I performed an analysis of the sound created by the Beethoven Wind Project 
turbines and the Prevailing Wind Park, which is enclosed as Attachment 2- I 3. The Analysis 
shows that the modeled sound from the existing Beethoven Wind farm exceeds 45 dBA at one 
receptor - REC 129. The modeled sound for REC 129 from the Beethoven Wind Farm is 46.2 
dBA. When the two wind farms are modeled together, the sound at REC 129 is 46.3 dBA, 
showing that the Project would contribute only . I dBA of sound. This added amount is 
acoustically negligible. 

Updated Response (Chris Howell): After responding to this data request, Prevailing Wind Park 
decided to use a taller hub height for the GE 3.8-137 turbine and identified nine additional 
occupied residences in the Project area. I have reviewed my analysis in Attachment 2-13 and 
confirm that the predicted sound levels would be no greater than modeled in that analysis. The 
taller hub height results in similar or slightly lower sound levels at receptors due to the increased 
distance between the nacelles and receptors. 

2-14) Referring to the Shadow Flicker Study (Appendix N), please explain if shadow 
flicker from the Beethoven project wind turbines in addition to the Prevailing Wind 
Park wind turbines could cause receptors to experience greater than 30hrs of 
shadow flicker per year. 

Aaron Anderson: No. I evaluated shadow flicker at the Beethoven project wind turbines and the 
Prevailing Wind Park. No receptor that will experience shadow flicker from the Prevailing Wind 
Park would also experience shadow flicker from the Beethoven project. 

Updated Response (Aaron Anderson): After responding to this data request, Prevailing Wind 
Park decided to use a taller hub height for the GE 3.8-137 turbine and identified nine additional 
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occupied residences in the Project area.  I assessed shadow flicker within 10 rotor diameters of 
the GE 3.8-137 with the taller hub height and confirmed that there was no receptor that would 
experience shadow flicker from the Prevailing Wind Park and shadow flicker from the 
Beethoven project.   

2-16) What is the modeled noise level and shadow flicker at the Gramkow-Vesper 
Cemetery located at the intersection of 409th Ave. and 298th St. near turbine 35? 

 
Chris Howell: The noise level of the Project at the Gramkow-Vesper Cemetery is 43.2 dBA for 
the GE 3.8-137 model. 

Aaron Anderson: The shadow flicker level of the Project at the Gramkow-Vesper Cemetery is 
approximately 5 hours per year for the GE 3.8-137 model. 

Updated Responses (Aaron Anderson for shadow flicker and Chris Howell for sound):   The 
following cemeteries were identified in the Project area.  The predicted sound and shadow flicker 
levels are provided in the table below and are based on the GE 3.8-137 model with the 111.5 – 
meter hub height. 

Name ID dBA Shadow Flicker 
hours/year 

Zion Cemetery (REC-119) 
 

DK-09 29.7 0.00 

New Salem Cemetery (REC-152) 
 

DK-15 - 0.00 

St. Paul’s Cemetery (REC-153) 
 

DK-18 20.8 0.00 

Name not shown on maps.   
(REC-151) 
 

DK-35 42.0 Approximately 18 

Zion Cemetery (REC-150) 
 

DK-36 42.6 Approximately 30 

Presbyterian-Bohemian Cemetery 
(REC-149) 
 

DK-69 33.8 7.35 

Gramkow-Vesper (REC-140) 
 

JK-22 43.2 5.27 

Danzig Cemetery (REC-111) JK-59 30.7 0.00 
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Dated this 8th day of October, 2018. 

  

 By: /s/ Lisa M. Agrimonti 
  Mollie M. Smith  

Lisa M. Agrimonti 
FREDRIKSON & BYRON, P.A. 
Attorneys for Applicant 
200 South Sixth Street, Suite 4000 
Minneapolis, MN  55402 
Phone: (612) 492-7000 
Fax: (612) 492-7077 
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EXHIBlT 

j f\ 3 I 

BEFORE THE PUBLIC UTILITIES COMMISSION 

OF THE ST ATE OF SOUTH DAKOTA 

EL18-026 - IN THE MATTER OF THE 
APPLICATION BY PREVAILING 
WIND PARK, LLC FOR A PERMIT OF 
A WIND ENERGY FACILITY IN BON 
HOMME COUNTY, CHARLES MIX 
COUNTY AND HUTCHINSON 
COUNTY, SOUTH DAKOTA, FOR THE 
PREVAILING WIND PARK PROJECT 

* 
* 

* APPLICANT'S UPDATED RESPONSES 
* * TO INTERVENORS' DATA REQUESTS 

* 
* 
* 

EL18-026 

Below please find Applicant's Updated Responses to Intervenors' Data Requests to 
Applicant. 

1-2) Produce all manuals, guides, information sheets, studies, reports, and like 
documents that refer or relate to the turbine model selected for the Project, namely 
the GE 3.8-137. 

Lisa Agrimonti: Prevailing Wind Park objects to this request to the extent that it seeks 
information and/or documents not in the possession, custody, or control of Prevailing 
Wind Park, or that are confidential. Prevailing Wind Park fu1ther objects to this request 
because it is overbroad and vague in its request for "like documents." Subject to and 
without waiving this objection, Prevailing Wind Park further responds: 

Peter Pawlowski: sPower Development Company LLC ("sPower") has a copy of the 
safety manual for the GE 3.8-137 turbine model that is subject to a confidentiality 
agreement. sPower is in contact with General Electric to determine under what 
circumstances the document may be disclosed in this docket. Additional information 
about the GE turbine can be found on General Electric's publicly available website. See 
https://www.ge.com/renewableenergy/wind-energy/turbines/3mw-platform. 

Updated Response (Lisa Agrimonti): See Attachment 1-2 (Technical Documentation 
Wind Turbine Generator Systems All Onshore Types). Prevailing Wind Park also has 
two additional responsive documents for the proposed turbine: an operating manual and a 
safety manual which are subject to a non-disclosure agreement. General Electric has 
advised that the two documents are proprietary and contain trade secret data that would 
advantage its competitors if disclosed. General Electric has consented to Prevailing 
Wind Park submitting the documents to the South Dakota Public Utilities Commission 
provided they are treated as confidential trade secret information pursuant to, and in 
accordance with, ARSD 20: 10:01:39-20:10:01 :45 and SDCL 1-27-1.5. The confidential 
documents also may be provided to counsel for Intervenors marked "Attorneys' Eyes 
Only" to be reviewed by counsel of record in this matter, but may not be further 
disclosed or disseminated. Documents designated as "Attorneys' Eyes Only" may not 
be disclosed to any intervenor or any other third pa1ty without the written consent of 
Prevailing Wind Park. 

- 1 -
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1.4 Produce all studies, reports, and like documents that refer or relate to ice-throw 

from turbines. 

Lisa Agrimonti: Prevailing Wind Park objects to this request to the extent that it seeks 
information and/or documents not in the possession, custody, or control of Prevailing 
Wind Park, or that is confidential.  Prevailing Wind Park further objects to this request 
because it is overbroad and vague in its request for “like documents.”  Subject to and 
without waiving this objection, Prevailing Wind Park further responds: 

Peter Pawlowski: See response to 1-2. 

Updated Response (Peter Pawlowski). See also Attachment 1-2.  

 
1-11) State the number of participating residences located within (a) 1,000 feet of a turbine; 

(b) 2,000 feet of a turbine; (c) 1/2 mile of a turbine; (d) 1 mile of a turbine; and (e) 2 
miles of a turbine. 

 
Bridget Canty: As shown in the Application: 
 

(a) There are 0 participating residences within 1,000 feet of a proposed turbine 
location; 

(b) There are 5 participating residences within 2,000 feet of a proposed turbine 
location; 

(c) There are 21 participating residences within ½ mile of a proposed turbine 
location; 

(d) There are 40 participating residences within one mile of a proposed turbine 
location; and 

(e) There are 45 participating residences within two miles of a proposed turbine 
location. 
 
Updated Response (Bridget Canty):  Prevailing Wind Park reverified the number of 
occupied residences within the Project area and within .5 miles of the Project area.  Based 
on that review, part (e) is updated to 47 participating residences within two miles of a 
proposed turbine location. 

 
1-12) State the number of non-participating residences located within (a) 1,000 feet of a 

turbine; (b) 2,000 feet of a turbine; (c) 1/2 mile of a turbine; (d) 1 mile of a turbine; 
and (e) 2 miles of a turbine. 

 
Bridget Canty: As shown in the Application: 
 

(a) There are 0 non-participating residences within 1,000 feet of a proposed 
turbine location; 
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(b) There is 1 non-participating residence within 2,000 feet of a proposed turbine 
location; 

(c) There are 10 non-participating residences within ½ mile of a proposed turbine 
location; 

(d) There are 46 non-participating residences within one mile of a proposed 
turbine location; and 

(e) There are 82 non-participating residences within two miles of a proposed 
turbine location. 

 
Updated Response (Bridget Canty):Prevailing Wind Park reverified the number of 
occupied residences within the Project area and within .5 miles of the Project area.  Based 
on that review, part (e) is updated to 87 non-participating residences within two miles of 
a proposed turbine location. 

 
Dated this 5th day of October, 2018.   
 By: /s/ Lisa M. Agrimonti 
  Mollie M. Smith  

Lisa M. Agrimonti 
FREDRIKSON & BYRON, P.A. 
Attorneys for Applicant 
200 South Sixth Street, Suite 4000 
Minneapolis, MN  55402 
Phone: (612) 492-7000 
Fax: (612) 492-7077 
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1 Introduction 

This document provides setback guidance for the siting of wind turbines. This guidance considers potential safety 

risks associated with wind turbines such as objects (maintenance tools, ice, etc.) directly falling from the wind 

turbine, unlikely occurrences such as tower collapse and blade failure, and environmental / operational risks such 

as ice throw. The guidance is general in nature, and is based on the published advice of recognized industry 

associations. Local codes and other factors may dictate setbacks greater than the guidance in this document. The 

owner and the developer bear ultimate responsibility to determine whether a wind turbine should be installed at a 

particular location, and they are encouraged to seek the advice of qualified professionals for siting decisions. It is 

strongly suggested that wind developers site turbines so that they do not endanger the public. 

2 Falling Objects 

There is the potential for objects to directly fall from the turbine. The objects may be parts dislodged from the 

turbine, or dropped objects such as tools. Falling objects create a potential safety risk for anyone who is within close 

proximity to the turbine, i.e., within approximately a blade length from the turbine.  

3 Tower Collapse 

In very rare circumstances a tower may collapse due to unstable ground, a violent storm, an extreme earthquake, 

unpredictable structural fatigue, or other catastrophic events. Tower collapse presents a possible risk to anyone 

who is within the distance equal to the turbine tip height (hub height plus ½ rotor diameter) from the turbine.  

4 Ice Shedding and Ice Throw 

As with any structure, wind turbines can accumulate ice under certain atmospheric conditions. A wind turbine may 

shed accumulated ice due to gravity, and mechanical forces of the rotating blades.  Accumulated ice on stationary 

components such as the tower and nacelle will typically fall directly below the turbine.  Ice that has accumulated on 

the blades will likewise typically fall directly below the turbine, especially during start-up.  However, during turbine 

operation under icing conditions, the mechanical forces of the blades have the potential to throw the ice beyond 

the immediate area of the turbine. 

5 Blade Failure 

During operation, there is the remote possibility of turbine blade failure due to fatigue, severe weather, or other 

events not related to the turbine itself.  If one of these events should occur, pieces of the blade may be thrown from 

the turbine.  The pieces may or may not break up in flight, and are expected to behave similarly to ice thrown from 

the blade. Blade failure presents a possible risk for anyone beyond the immediate area of the turbine. 
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6 Industry Best Practices 

Recognized industry practices suggest the following actions be considered when siting turbines in order to mitigate 

risk resulting from the hazards listed above: 

• Place physical and visual warnings such as fences and warning signs as appropriate for the protection 

of site personnel and the public. 

• Remotely stop the turbine when ice accumulation is detected by site personnel or other means. 

Additionally, the wind turbine controller may have the capability to shut down or curtail an individual 

turbine based on the detection of certain atmospheric conditions or turbine operating characteristics. 

• Restrict site personnel access to a wind turbine if ice is present on any turbine surface such as the 

tower, nacelle or blades.  If site personnel absolutely must access a turbine with ice accumulation, 

safety precautions should include but are not limited to remotely shutting down the turbine, yawing 

the turbine to position the rotor on the side opposite from the tower door, parking vehicles at a safe 

distance from the turbine, and restarting the turbine remotely when the site is clear. As always, 

appropriate personnel protective gear must be worn. 
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7 Setback Considerations 

Setback considerations include adjoining population density, usage frequency of adjoining roads, land availability, 

and proximity to other publicly accessed areas and buildings.   Table 1 provides setback guidance for wind turbines 

given these considerations.   GE recommends using the generally accepted guidelines listed in Table 1, in addition 

to any requirements from local codes or specific direction of the local authorities, when siting wind turbines.   

Setback Distance from center of turbine tower Objects of concern within the setback distance 

All turbine sites (blade failure/ice throw): 
1.1 x tip height 0F

1
, with a minimum setback distance of 

170 meters 

- Public use areas 
- Residences 
- Office buildings 
- Public buildings 
- Parking lots 
- Public roads 

- Moderately or heavily traveled roads if icing is likely 
- Heavily traveled multi-lane freeways and motorways if 

icing is not likely 
- Passenger railroads 

All turbine sites (tower collapse): 
1.1 x tip height

1
 

- Public use areas 
- Residences 
- Office buildings 
- Public buildings 
- Parking lots 
- Heavily traveled multi-lane freeways and motorways 
- Sensitive above ground services 1F

2
 

All turbine sites (rotor sweep/falling objects): 
1.1 x blade length 2F

3
 

- Property not owned by wind farm participants 3F

4
 

- Buildings 
- Non-building structures 
- Public and private roads 
- Railroads 
- Sensitive above ground services 

Table 1: Setback recommendations 

 

The wind turbine buyer should perform a safety review of the proposed turbine location(s). Note that there may be 

objects of concern within the recommended setback distances that may not create a significant safety risk, but may 

warrant further analysis. If the location of a particular wind turbine does not meet the Table 1 recommended 

guidelines, contact GE for guidance, and include the information listed in Table 2 as applicable. 

 

                                                      
1 The maximum height of any blade tip when the blade is straight up (hub height + ½ rotor diameter). 

2 Services that if damaged could result in significant hazard to people or the environment or extended loss of services to a significant 
population. Examples include pipelines or electrical transmission lines. 

3 Use ½ rotor diameter to approximate blade length for this calculation. 

4 Property boundaries to vacant areas where there is a remote chance of future development or inhabitancy during the life of the wind 
farm. 

EXHIBIT A31
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Condition/object within setback circle Data Required 

If icing is likely at the wind turbine site - Annual number of icing days 

Residences - Number of residences within recommended setback distance 
- Any abandoned residences within setback distance 

For industrial buildings (warehouse/shop) - Average number of persons-hours in area during shift 
- Number of work shifts per week 
- Any abandoned buildings within setback distance 

For open industrial areas (storage/parking 
lot) 

- Average number of persons-hours in area during shift 
- Number of shifts per week. 
- Any abandoned buildings within setback distance 

For sports/assembly areas - Average number of persons in area per day 
- Average number of hours occupied per day 
- Number of days area occupied per week 
- If area covered, what type of cover 

For roads/waterways - Plot of road/waterway vs. turbine(s) 
- Average number of vehicles per day 
- Type of road and speed limit (residential, country, # of lanes, etc.) 

For paths/trails (walk, hike, run, bike, ski) - Plot of paths/trails vs. turbine(s) 
- Average number # of persons per day by type of presence (walk, hike, etc.) 
- Flat or uneven/hilly terrain 

Table 2: Setback recommendations 

EXHIBIT A31
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PERMIT CONDITIONS JOINTLY PROPOSED BY APPLICANT AND STAFF 

Prevailing Wind Park, LLC, Docket No. EL 18-026 

1. Applicant will obtain all governmental permits which reasonably may be required by any 
township, county, state or federal agency, or any other governmental unit for 
construction and operation activity of the Project prior to engaging in the particular activity 
covered by that permit. Copies of any permits obtained by Applicant shall be sent to the 
Commission. 

2. Applicant shall construct, operate, and maintain the Project in a manner consistent with 
(1) descriptions in the Application, (2) Application supplements, (3) responses to any 
data requests, (4) the Final Decision and Order Granting Permit to Construct Wind 
Energy Facility, Attachment A-Permit Conditions, (5) any applicable industry standards, 
(6) any permits issued by a federal , state, or local agency, and (7) evidence presented .. 
by Applicant at the evidentiary hearing. 

3. Applicant shall complete the Western Area Power Administration (WAPA) environmental 
review process as required by the National Environmental Policy Act. Further, Applicant 
shall comply with and implement any requirements or commitments set forth in the 
WAPA NEPA review. The Applicant expects environmental review to be composed of 
an Environmental Assessment and that Applicant would be required to comply with 
applicable mitigation measures set forth in the Upper Great Plains Wind Energy 
Programmatic Environmental Impact Statement. 

4. Applicant agrees that the Commission's complaint process as set forth in ARSD Chapter 
20: 10:01 shall be available to landowners and other persons sustaining or threatened 
with damage as the result of Applicant's failure to abide by the conditions of the Permit 
or otherwise having standing to seek enforcement of the conditions of the Permit. 
Participating landowners are free to use the complaint process free from retribution or 
consequence regardless of any private easement term to the contrary. 

5. At least 14 days prior to commencement of construction, Applicant shall provide each 
participating and non-participating landowner in the Project Area with the following 
information: 

a) A copy of the Final Decision and Order Granting Permit to Construct Wind 
Energy Facility; 

b) Detailed safety information describing: 

1) Reasonable safety precautions for existing activities on or near the 
Project; 

2) Known activities or uses that are presently prohibited near the Project, 
and 

3) Other known potential dangers or limitations near the Project; 

1 
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c) Construction/maintenance damage compensation plans and procedures; 

d) The Commission's address, website, and phone number; 

e) Contact person for Applicant, including name, e-mail address, and phone 
number. 

6. In order to ensure compliance with the terms and conditions of this Permit pursuant to 
SDCL 49-41B-33, it is necessary for the enforcement of this Order that all employees, 
contractors, and agents of Applicant involved in this Project be made aware of the terms 
and conditions of this Permit. 

7. Except as otherwise provided in the Permit Conditions, Applicant shall comply with all 
mitigation measures set forth in the Application and Applicant's responses to 
Commission staff data requests. Material modifications to the mitigation measures shall 
be subject to prior approval of the Commission. 

8. Applicant will negotiate road use agreements with Bon Homme County, Hutchinson 
County and Charles Mix County, and all affected townships, if required. Applicant will 
follow the terms of all road use agreements. Applicant shall take appropriate action to 
mitigate wind-blown particles created throughout the construction process, including but 
not limited to implementation of dust control measures such as road watering, covering 
of open haul trucks when transporting material subject to being windblown, and the 
removal of any soils or mud deposits by construction equipment when necessary. 

9. Applicant shall comply with the following conditions regarding road protection: 

a) Applicant shall acquire all necessary permits authorizing the crossing of federal, 
state, county, and township roads. 

b) Applicant shall coordinate road closures with federal, state, and local 
governments and emergency responders. 

c) Applicant shall implement a regular program of road maintenance and repair 
through the active construction period to keep paved and gravel roads in an 
acceptable condition for residents and the public. 

d) After construction, Applicant shall repair and restore deteriorated roads resulting 
from construction traffic or compensate governmental entities for their repair and 
restoration of deteriorated roads, such that the roads are returned to their 
preconstruction condition. 

e) Within 180 days of completing construction and reclamation of the Project, 
Applicant shall submit documentation to the Commission identifying that the 
roads were repaired in accordance with this Condition 8 and to the 
satisfaction of affected townships and counties. If the townships or counties 
will not provide such documentation, then Applicant shall provide a report to 
the Commission on the outstanding road repair issues and how those issues 
will be resolved. 
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f) Privately owned areas used as temporary roads or crane paths during 
construction will be restored to their preconstruction condition, except as 
otherwise requested or agreed to by the landowner. 

g) Should Applicant need to widen any existing roadways during construction of the 
Project, Applicant shall return the roadways back to original width after completion of 
the Project, unless agreed upon otherwise with the federal, state, county, or township 
entities, or the landowner. 

h) Applicant shall use appropriate preventative measures to prevent damage to paved 
roads and to remove excess soil or mud from such roadways. 

10. Applicant shall provide signage that identifies road closures and disturbances resulting 
from the Project in accordance with the most recent editions of the Manual on Uniform 
Traffic Control Devices as published by the Federal Highway Administration. 

11. Applicant shall promptly report to the Commission the presence of any critical habitat of 
threatened or endangered species in the Project area that Applicant becomes aware of 
and that was not previously reported to the Commission. 

12. Applicant agrees to avoid direct impacts to cultural resources that are unevaluated, 
eligible for or listed in the National Register of Historic Places (NRHP). When a NRHP 
unevaluated, eligible or listed site cannot be avoided, Applicant shall notify SHPO and 
the Commission of the reasons that complete avoidance cannot be achieved in order to 
coordinate minimization and/or treatment measures.  

13. Applicant agrees to develop an unanticipated discovery plan for cultural resources and 
follow SDCL 34-27-25, 34-27-26, and 34-27-28. 

14. Applicant shall file the final cultural resources report with the Commission prior to 
construction. If any potential adverse impacts to NRHP unevaluated, listed, or eligible 
cultural resources are identified in the final cultural resources report, Applicant shall file 
with the Commission a report describing the SHPO-approved planned measures to 
ameliorate those impacts.  

15. Applicant shall provide the Stormwater Pollution Prevention Plan (SWPPP) to the 
Commission when Applicant has a final design for the Project. The SWPPP will outline 
the water and soil conservation practices that will be used during construction to prevent 
or minimize erosion and sedimentation. The SWPPP will be completed before submittal 
of an application for a National Pollutant Discharge Elimination System (NPDES) general 
permit for construction activities. All contractors to be engaged in ground disturbing 
activities will be given a copy of the SWPPP and requirements will be reviewed with 
them prior to the start of construction. 

16. Applicant shall repair and restore areas disturbed by construction or maintenance of the 
Project. Except as otherwise agreed to by the landowner, restoration shall include 
replacement of original pre-construction topsoil or equivalent quality topsoil to its original 
elevation, contour, and compaction and re-establishment of original vegetation as close 
thereto as reasonably practical. In order to facilitate compliance with this Permit 
Condition, Applicant shall: 
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a) Strip topsoil to the actual depth of the topsoil, or as otherwise agreed to by the 
landowner in writing (e-mail is sufficient), in all areas disturbed by the Project; 
however, with respect to access roads, Applicant may remove less than the 
actual depth of topsoil to ensure roads remain low-profile and the contours align 
with the surrounding area; 

b) Store topsoil separate from subsoil in order to prevent mixing of the soil types; 

c) All excess soils generated during the excavation of the turbine foundations shall 
remain on the same landowner's land, unless the landowner requests, and/or 
agrees, otherwise; and 

d) When revegetating non-cultivated grasslands, Applicant shall use a seed mix that 
is recommended by the Natural Resource Conservation Service (NRCS), or 
other land management agency, unless otherwise agreed upon with the 
landowner in writing. 

17. Applicant shall work closely with landowners or land management agencies, such as the 
NRCS, to determine a plan to control noxious weeds. 

18. Applicant shall stage construction materials in a manner that minimizes the adverse 
impact to landowners and land users as agreed upon between Applicant and landowner 
or Applicant and the appropriate federal, state, and/or local government agency. All 
excess construction materials and debris shall be removed upon completion of the 
Project, unless the landowner agrees otherwise. 

19. In order to mitigate interference with agricultural operations during and after 
construction, Applicant shall locate all structures, to the extent feasible and prudent, to 
minimize adverse impacts and interferences with agricultural operations, shelterbelts, 
and other land uses or activities. Applicant shall take appropriate precautions to protect 
livestock and crops during construction. Applicant shall repair all fences and gates 
removed or damaged during construction or maintenance unless otherwise agreed with 
the landowner or designee. Applicant shall be responsible for the repair of private roads 
damaged when moving equipment or when obtaining access to the right-of-way. 

20. Applicant shall bury the underground collector system at a minimum depth of four feet, or 
deeper if necessary, to ensure the current land use is not impacted. 

21. Applicant shall repair or replace all property removed or damaged during all phases of 
construction, including but not limited to, all fences, gates, and utility, water supply, 
irrigation or drainage systems. Applicant shall compensate the owners for damages or 
losses that cannot be fully remedied by repair or replacement, such as lost productivity 
and crop and livestock losses. All repair, replacement and/or compensation described 
above shall be in accordance with the terms and conditions of written agreements 
between Applicant and affected landowners where such agreements exist. 

22. Applicant shall, in the manner described in its written agreement with a landowner, 
indemnify and hold the landowner harmless for loss, damage, claim, or actions resulting 
from Applicant's use of the easement, including any damage resulting from any release, 
except to the extent such loss, damage claim, or action results from the negligence or 
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willful misconduct of the landowner or his employees, agents, contractors, invitees, or 
other representatives. 

23. Applicant may make turbine adjustments of 250 feet or less from the turbine locations 
identified in the Application without prior Commission approval, so long as specified 
noise and shadow flicker thresholds are not exceeded, cultural resource impacts and 
documented habitats for listed species are avoided, and wetland impacts are avoided or 
are in compliance with applicable U.S. Army Corps of Engineers (USACE) regulations.  
Prior to implementing the turbine adjustment, Applicant will file in the docket an affidavit 
demonstrating compliance with the limitations set forth above. Any turbine adjustment 
that does not comply with the aforesaid limitations would be considered a "material 
change," and Applicant shall file a request for approval of the "material change" prior to 
making the adjustment pursuant to the following approval process: 

 Applicant will file with the Commission and serve on the official Service List a 
request for approval of the adjustment that includes: 

o An affidavit describing the proposed turbine adjustment, the reason for the 
adjustment, the reason the adjustment does not comply with one or more 
turbine flexibility limitations set forth above, and information regarding 
compliance with all other applicable requirements; and 

o A map showing both the approved location and the proposed adjustment (in 
different colors); 

 Once received, the information would be reviewed by Commission staff, and 
Commission staff will have 10 calendar days within which to request further 
Commission review. 

 If no further review is requested, Applicant may proceed with the adjustment. 

 If further review is requested, the Commission will issue a decision regarding 
Applicant's request at its next available regularly scheduled Commission 
meeting, subject to notice requirements, after the request for further review is 
made by Commission staff. 

24. Applicant may adjust access roads, the collector system, the operations and 
maintenance facility, the Project substation, and temporary facilities, so long as they are 
located on land leased for the Project, cultural resources and documented habitats for 
listed species are avoided, and wetland impacts are avoided or are in compliance with 
applicable USACE regulations. 

25. If the Project causes interference with radio, television, or any other licensed 
communication transmitting or receiving equipment, Applicant shall take all appropriate 
action to minimize any such interference and shall make a good faith effort to restore or 
provide reception levels equivalent to reception levels in the immediate areas just prior 
to construction of the Project. This mitigation requirement shall not apply to any 
dwellings or other structures built after completion of the Project. 
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26. Applicant will provide Global Positioning System (GPS) coordinates of structure 
locations to affected landowners at any time during the life of the Project. Coordinates 
will be provided in writing to landowners within 30 days of a request. 

27. [Sound Condition] 

28. Applicant shall install turbine control equipment on the Project’s turbines that allows for 
individual turbines to be shut down as necessary to ensure that shadow flicker does not 
exceed 30 hours per year and/or 30 minutes per day at non-participating residencies.  
Applicant shall also take steps to mitigate shadow flicker concerns at any residence that 
could experience shadow flicker levels above 30 hours per year or 30 minutes per day. 

29. Not less than 30 days prior to commencement of construction work in the field for the 
Project, Applicant will provide to Commission staff the following information: 

a) the most current preconstruction design, layout, and plans; 

b) a sound level analysis showing compliance with the applicable sound level 
requirements; 

c) a shadow flicker analysis showing the anticipated shadow flicker levels will not 
exceed 30 hours per year and/or 30 minutes per day at any non-participating 
residence and an affidavit from the Applicant identifying the turbine numbers that 
will be operationally controlled in order to meet the shadow flicker requirements; 
and 

d) such additional Project preconstruction information as Commission staff 
requests. 

30. Within 90 days after the Project's commercial operation date, Applicant shall submit a 
report to the Commission that provides the following information: 

a) as-built location of structures and facilities, including drawings clearly showing 
compliance with the setbacks required by state and local governments and the 
voluntary commitments set forth in Table 9-2 of the Application; 

b) the status of remedial activities for road damage, landowner property damage, 
crop damage, environmental damage, or any other damage resulting from 
Project construction activities; and 

c) a summary of known landowner complaints and Applicant's plan for resolving 
those complaints. 

31. For purposes of this Project and the commitments herein, "residences," "businesses," 
and “public buildings” shall include only those that are in existence and in use as of the 
date of the Commission's order issuing a permit.  “Business” shall not include agricultural 
uses. 

32. Applicant shall seek input from local emergency response personnel to properly and 
effectively coordinate an emergency response plan consistent with local resources and 
response abilities. Upon completion of construction, a Project operation emergency 
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response plan shall be provided to Commission staff to make available to the general 
public on the Commission's website. 

33. Prior to the construction of the Project, Applicant will notify public safety agencies by 
providing a schedule and the location of work to be performed within their jurisdiction. 
The agencies contacted will include the South Dakota Department of Public Safety, the 
sheriff in Hutchinson, Charles Mix and Bon Homme counties and the Office of Emergency 
Management in Hutchinson, Charles Mix and Bon Homme counties. 

34. Applicant agrees to undertake two years of independently-conducted post-construction 
avian mortality monitoring for the Project, and to provide a copy of the report to the 
USFWS, GFP, and the Commission.  

35. The Bird and Bat Conservation Strategy (BBCS) developed for the Project shall be 
implemented during construction and operation of the Project. 

36. At least thirty days prior to commencement of construction, Applicant shall submit the 
identity and qualifications of a public liaison officer to the Commission for approval  to 
facilitate the exchange of information between Applicant, including its contractors, and 
landowners, local communities, and residents, and to facilitate prompt resolution of 
complaints and problems that may develop for landowners, local communities, and 
residents as a result of the Project. Applicant shall file with the Commission its proposed 
public liaison officer's credentials for approval by the Commission prior to the 
commencement of construction. After the public liaison officer has been approved by the 
Commission, the public liaison officer may not be removed by Applicant without the 
approval of the Commission. The public liaison officer shall be afforded immediate 
access to Applicant's on-site project manager, its executive project manager, and to the 
contractors' on-site managers and shall be available at all times to Commission staff via 
mobile phone to respond to complaints and concerns communicated to the Commission 
staff by concerned landowners and others. As soon as Applicant's public liaison officer 
has been appointed and approved, Applicant shall provide contact information for 
him/her to all landowners in the Project area and to law enforcement agencies and local 
governments in the vicinity of the Project. The public liaison officer's contact information 
shall be provided to landowners in each subsequent written communication with them. If 
the Commission determines that the public liaison officer has not been adequately 
performing the duties set forth for the position in this Order, the Commission may, upon 
notice to Applicant and the public liaison officer, take action to remove the public liaison 
officer. The public liaison's services shall terminate ninety days after the Project 
commences commercial operations, unless the appointment is extended by order of the 
Commission. 

37. If the Project is decommissioned, Applicant will follow Section 24 of the Application, and 
the decommissioning plan attached to the Supplemental Direct Testimony of Daniel 
Pardo. The Commission shall be notified prior to any decommissioning action. 

38. Applicant will use two methods to detect icing conditions on turbine blades: (1) sensors 
that will detect when blades become imbalanced or create vibration due to ice 
accumulation; and (2) meteorological data from on-site permanent meteorological 
towers, on-site anemometers, and other relevant meteorological sources that will be 
used to determine if ice accumulation is occurring. These control systems will either 
automatically shut down the turbine(s) in icing conditions (per the sensors) or Applicant 
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will manually shut down turbine(s) if icing conditions are identified (using meteorological 
data). Turbines will not return to normal operation until the control systems no longer 
detect an imbalance or when weather conditions either remove icing on the blades or 
indicate icing is no longer a concern. The Applicant will pay for any documented damage 
caused by ice thrown from a turbine. 

39. Applicant shall utilize an Aircraft Detection Lighting System if approved by the Federal 
Aviation Administration. 

40. At least 30 days prior to construction Applicant shall file a plan with the Commission for 
Commission approval that provides a decommissioning escrow account.  The plan shall 
provide as follows: 

a) The escrow account is funded by the turbine owner annually at a rate of $5,000 
per turbine per year for the first 10 years, commencing no later than the 
commercial operation date. 

b) Beginning in year ten following commercial operation of the project and each fifth 
year thereafter, the turbine owner shall submit the Commission an estimated 
decommissioning date, if established, and estimated decommissioning costs and 
salvage values.  Based on the verification of the information in the filing the 
Commission may require additional funding in order to match the estimated 
amount needed for decommissioning. 

c) All interest earned by the account remains in the account. 

d) An account statement is provided annually to the Commission and becomes a 
public record in this docket. 

e) The escrow account obligations will be those of Prevailing Wind Park and the 
escrow agreement shall include terms providing that the agreement binds 
Prevailing Wind Park’s successors, transferees, and assigns. Also, a sale of 
project assets would be expected to include the associated Permit which would 
require Commission approval per SDCL § 49-41B-29. 

f) The escrow account agent shall have an office located in South Dakota. 

g) The escrow agreement shall be subject to the laws of South Dakota and any 
disputes regarding the agreement shall be venued in South Dakota. 

h) To minimize the risk that the escrow account would be subject to foreclosure, 
lien, judgment, or bankruptcy, the escrow agreement will be structured to reflect 
the follow factors:  

1) That Prevailing Wind Park agreed to the creation of the escrow account; 

2) Prevailing Wind Park exercises no (or the least amount possible of) 
control over the escrow; 

3) The initial source of the escrow; 
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4) The nature of the funds put into the escrow; 

5) The recipient of its remainder (if any); 

6) The target of all its benefit; and 

7) The purpose and its creation.  

i) Account funds are to be paid to the project owner at the time of decommissioning 
to be paid out as decommissioning costs are incurred and paid. 

j) If the project owner fails to execute the decommissioning requirement found in 
section 40 of the Conditions, the account is payable to the landowner who owns 
the land on which associated project facilities are located as the landowner 
incurs and pays decommissioning costs.  

41. The terms and conditions of the Permit shall be made a uniform condition of 
construction, subject only to an affirmative written request for an exemption addressed to 
the Commission. A request for an exemption shall clearly state which particular condition 
should not be applied to the property in question and the reason for the requested 
exemption. The Commission shall evaluate such requests on a case-by-case basis, 
which evaluation shall be completed within 60 days unless exigent circumstances 
require action sooner. 
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Applicant's Proposed Conditions 

Prevailing Wind Park, LLC, Docket No. EL 18-026 

EXHIBIT 

j A- 3 J 

27. The Project, exclusive of all unrelated background noise, shall not generate a 
long-term average sound pressure level (equivalent continuous sound level, 
Leq), as measured over a period of at least two weeks, defined by Commission 
staff, that includes all integer wind speeds from cut in to full power, of more than 
45 dBA within 25 feet of any residence, or 50 dBA if the owner of the residence 
has signed a waiver or granted an easement. Applicant shall, upon Commission 
formal request, conduct field surveys or provide post-construction monitoring data 
verifying compliance with specified noise level limits using applicable American 
National Standards Institute (ANSI) methods. If the long-term average level 
exceeds 45 dBA at any residence, or 50 dBA where the owner of the residence 
has signed a waiver or easement, then the Applicant shall take whatever steps 
are necessary in accordance with prudent operating standards to rectify the 
situation. Sound monitoring will not be repeated in a representative area during 
any five-year period unless operational or maintenance changes result in a 
reasonable assumption of higher turbine sound levels. 

29. Not less than 30 days prior to commencement of construction work in the field for 
the Project, Applicant will provide to Commission staff the following information: 

a. the most current preconstruction design, layout, turbine model, and 
plans; 

b. a sound level analysis showing compliance with the applicable 
sound level requirements; 

c. a shadow flicker analysis showing the anticipated shadow flicker 
levels will not exceed 30 hours per year and/or 30 minutes per day 
at any non-participating residence and an affidavit from the 
Applicant identifying the turbine numbers that will be operationally 
controlled in order to meet the shadow flicker requirements; 

d. such additional Project preconstruction information as Commission 
staff requests; and 

e. should Applicant decide at a later point to use a different turbine 
model, it shall provide the information required in parts a-d above. 
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	A. Exhibit 1: Results of Updated Shadow Flicker Analysis.
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	Q. What are the results of your analysis?
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	I. INTRODUCTION AND QUALIFICATIONS
	Q. Please state your name, employer, and business address.
	A. My name is Dr. Mark Roberts.  I am employed by Exponent, Inc. (“Exponent”), and my office is located at 525 West Monroe Street, Suite 1050, Chicago, Illinois 60661.

	Q. Please describe your educational and professional background.
	A. I am a Principal Scientist in the Chicago office of Exponent, a scientific research and consulting company headquartered in Menlo Park, California.  I have worked at Exponent since November 2003.

	Q. Did you previously provide prefiled testimony in this docket?
	A. No.


	II. PURPOSE OF TESTIMONY
	Q. What is the purpose of your Direct Testimony?
	A. The purpose of my testimony is to (i) give an overview of public health and epidemiology principles implicated by an inquiry into the health effects of wind turbines; (ii) generally assess health claims that have been attributed to wind turbines in...

	Q. Please provide a brief summary of the opinions you are offering in your Direct Testimony.
	A. My opinions can be summarized as follows:

	Q. What exhibits are attached to your Direct Testimony?
	A. The following Exhibits are attached to my Direct Testimony:


	III. OVERVIEW OF PUBLIC HEALTH AND EPIDEMIOLOGY PRINCIPLES
	Q. What is the practice of Occupational and Environmental Medicine?
	A. Occupational and Environmental Medicine is a medical subspecialty that is recognized by the American Board of Medical Specialties and is one of the population-based specialties of Preventive Medicine.  Specialists in this area are physicians with a...

	Q. What is epidemiology?
	A. Epidemiology is the study of distribution and dynamics of factors in populations.  It is considered the cornerstone methodology in all of public health research, and is highly regarded in evidence-based medicine for identifying risk factors for dis...
	Epidemiological studies are generally categorized as descriptive, analytic (aiming to examine associations and commonly hypothesized causal relationships), and experimental (a term often equated with clinical or community trials of treatments and othe...
	In this case, epidemiologic methods are the appropriate tool to guide the determination of whether wind turbines are the cause of disease in people living nearby.  The practice of medicine, in contrast, is devoted to preventing, alleviating or treatin...

	Q. How are “epidemiology methods” used to determine causation?
	A. Epidemiology is the basic methodology used to characterize a health condition among groups of people.  Epidemiology incorporates the methods needed to identify associations and, ultimately, is used to determine causation.  Epidemiological research ...

	Q. Can you provide more detail about what the terms “association” and “causation” mean, as used in epidemiology?
	A. There have been clinical observations (case reports and series) that stimulated a number of now classic epidemiology research efforts identifying important associations and ultimately the determinants of causal relationships.  Case studies and case...
	The process of moving from “association” to “causation” is a complex process, but a key point emphasizing the process was made by Sir Bradford Hill when he started his discussion of causation by stating:
	Disregarding then any such problem in semantics we have this situation. Our observations reveal an association between two variables, perfectly clear-cut and beyond what we would care to attribute to chance. What aspects of that association should we ...
	Hill 1965.  Sir Bradford Hill’s nine criteria for causation have been described in a number of ways.  They are commonly referred to as strength, consistency, specificity, temporality, biological gradient, plausibility, coherence, experiment, and analo...

	Q. Are Hill’s nine criteria still valid today?
	A. Yes.  The criteria presented by Sir Bradford Hill are most often referred to as the guidance used to progress in a scientifically defensible manner from a claim of association to one of causation.

	Q. Please describe some recent examples of how initial studies moved from association to causation and the ultimate results of those research efforts.
	Q. Why is it important that scientific research be published in peer-reviewed scientific journals?
	A. In this computer age, we are awash in “information” without clear evidence of its validity.  With the advent of the internet, views, opinions, hypotheses, and mere speculation can be made to appear just as valid as sound science, but without the ri...
	Today, manuscripts get reviewed at the journal editor level and those that are judged worthy of consideration (approximately 25 percent) are sent to the peer review panel members, and roughly 10 percent of those get accepted for inclusion in the journ...

	Q. What is the scientific method of discovery?
	A. In the process of an idea or an observation being assimilated into the science knowledge base, it must first come to someone’s attention.  That can be an astute observation or a series of events that catches the attention of a science-minded indivi...

	Q. Why utilize scientific methodology when there are case studies and/or personal testimonials asserting that wind turbines can cause adverse health effects?
	A. The scientific methodology is an accepted process used to evaluate epidemiologically-based evidence, and make sound, scientifically supportable decisions.  There have been numerous examples where an agent first thought to be the cause of a disease ...


	IV. ASSESSMENT OF HEALTH CLAIMS RELATED TO WIND TURBINES
	Q. What have government agencies concluded about wind turbines?
	A. Several agencies (state, national and international) have concluded that wind turbines are not associated with adverse health effects in humans.  Following are a few examples of those studies:

	Q. You conducted a review of the peer literature on health effects attributable to sound. What did it show as it relates to sound generated by wind turbines?
	A. My analysis and review of the peer reviewed, published literature did not identify scientific works that provide objective support for the claims being made regarding wind turbines.  The peer reviewed, scientific research involving the health effec...

	Q. Has the State of South Dakota addressed claims of an association between wind turbines and health effects?
	A. The State of South Dakota has not specifically studied alleged health effects and wind turbines. However, the Department of Health was asked to opine on the issue in another docket, In the Matter of the Application by Crocker Wind Farm, LLC for a P...

	Q. Based on your review of the available scientific literature, are there potential adverse health effects from the sound of wind turbines?
	A. No, because the levels of sound and infrasound from wind turbines are significantly lower than those that have been shown to cause harm.  Substantial research has been done on sound level exposures to humans.  This body of scientific research has i...


	V. SPECIFIC HEALTH ISSUES RAISED AT PUBLIC INPUT MEETING
	Q. Did you attend the public input meeting that was held on July 12, 2018?
	A. No, but I have been made aware that the following health concerns were raised by commenters at that meeting:

	Q. Please describe the concern related to infrasound as you understand it.
	A. Based on comments made at the public input hearing, I understand that some commenters expressed concern regarding the potential for infrasound to generally cause negative health consequences.

	Q. What is infrasound?
	A. Infrasound, sometimes referred to as low frequency sound, is sound that is between 0 hertz (“Hz”) and 20 Hz.  Although the human hearing threshold has been found to be as low as 4 Hz in an acoustic chamber, a level of 20 Hz is commonly considered t...

	Q. What is your response to comments regarding infrasound?
	A. I am not aware of any reliable evidence providing any link between infrasound and adverse health effects.  Multiple health experts have confirmed this point.  Specifically, infrasound at frequencies lower than 20 Hz are audible at very high levels ...

	Q. Please describe the concern related to vertigo as you understand it.
	A. As I understand the comments at the public input hearing, there was a concern expressed that the operation of wind turbines may cause (or has caused) vertigo in some individuals.  Vertigo is the sense that your environment is spinning.  It is a for...

	Q. What is your response to comments regarding vertigo?
	A. Based on my review of the scientific literature, I am not aware of any causal relationship between wind turbines and vertigo.  Published population-based studies indicate that dizziness (including vertigo) affects between 15 percent and 20+ percent...

	Q. Please describe the concerns related to “vibroacoustic disease” as you understand them.
	A. Based on my review of the comments made at the public input hearing, I understand that some commenters expressed concern about the Project’s potential to cause “vibroacoustic disease,” a condition asserted to exist for aircraft maintenance workers ...

	Q. What is your response to comments regarding vibroacoustic disease?
	A. Vibroacoustic disease has primarily been studied in aircraft maintenance workers and has been described by certain Portuguese researchers as a chronic, progressive, medical condition where there is a thickening of blood vessels which impedes the no...
	A majority of the published work involving vibroacoustic disease has originated from certain researchers in Portugal and has not been significantly replicated by other research groups.  Dr. Alver-Pereira (the primary researcher) has testified that she...

	Q. With respect to concerns regarding turbine height, does the fact that Prevailing Wind Park proposes to use a turbine model over 500 feet alter any of the opinions or conclusions you have provided in this testimony?
	A. No, the proposed turbine model’s height does not alter my opinions or conclusions.

	Q. Do you have any other responses to comments made at the July 12, 2018, public input meeting?
	A. Yes.  I understand that Dr. Jamin Hübner, who holds a Th.D. in Systematic Theology,6F  submitted what he termed “A Partial Bibliography of Academic Literature Demonstrating Adverse Health Effects of Industrial Wind Turbines.”  In general, the submi...


	VI. CONCLUSION
	Q. Does this conclude your Direct Testimony?
	A. Yes.
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	I. INTRODUCTION
	Q. Please state your name.
	A. My name is Dr. Mark Roberts.

	Q. Did you provide Supplemental Direct Testimony in this Docket?
	A. Yes.  I submitted Supplemental Direct Testimony in this docket on August 10, 2018.

	Q. What is the purpose of your Rebuttal Testimony?
	A. The purpose of my Rebuttal Testimony is to respond to the testimony of Professor Mariana Alves-Pereira, Jerry Punch, Ph.D., and Richard James, each of whom submitted testimony on behalf of Intervenors in this docket.

	Q. Are there any exhibits attached to your Rebuttal Testimony?
	A. The following exhibits are attached to my Rebuttal Testimony:


	II. RESPONSE TO TESTIMONY OF PROFESSOR MARIANA ALVES-PEREIRA
	Q. Have you reviewed the Prefiled Testimony of Prof. Mariana Alves-Pereira, submitted on behalf of Intervenors in this proceeding?
	A. Yes.  I reviewed Prof. Alves-Pereira’s testimony, as well as the exhibits attached to her testimony.

	Q. Please summarize your response to Prof. Alves-Pereira’s testimony.
	A. As I discussed in my Supplemental Direct Testimony, I am aware of Prof. Alves-Pereira’s assertions regarding vibroacoustic disease.  A majority of the work involving vibroacoustic disease has originated from Dr. Castelo Bronca’s research group in P...

	Q. Professor Alves-Pereira references the scientific method and evidence-based medicine in her testimony.  (Alves-Pereira Direct, lines 63-66.)  Please describe these concepts.
	A. I previously discussed the scientific method in detail in my Supplemental Direct Testimony. To summarize, during a clinical encounter between a patient and a physician, medical information is collected and analyzed.  First, the physician will note ...
	For an example of this process: Patient comes to the doctor with severe headache and is concerned that he might have a brain tumor.  The doctor does not immediately schedule the patient for brain surgery but instead evaluates the patient in an orderly...

	Q. Prof. Alves-Pereira asserts that “[w]hen it comes to studying the health effects of ILFN exposure, however, these fundamental axioms of the Scientific Method and Evidence-based Medicine are somehow forgotten, or deemed not applicable.” (Alves-Perei...
	A. I do not agree.  The publications attached to my Supplemental Direct Testimony and this Rebuttal Testimony utilize the scientific method.    Despite Prof. Alves-Pereira’s assertions otherwise, it is not sufficient to take the patient’s reported hea...

	Q. Prof. Alves-Pereira states that “[a]nnoyance is not an objective parameter and hence, in accordance with the axioms of Evidence-based Medicine, cannot be used to ascertain de facto health effects.” (Alves-Pereira Direct, lines 77-78.)  What is your...
	A. I agree.  This statement is consistent with my prior testimony and the fact that “annoyance” is the most commonly recognized “effect” in the applicable peer-reviewed published literature and the reviews by scientific committees that I have previous...

	Q. Prof. Alves-Pereira states that, “[i]n accordance with the axioms of Evidence-based Medicine and, even more fundamentally, the Scientific Method, psychosomatic illnesses must also be clinically corroborated; their proposed existence based on mere a...
	A. Again, I agree.  This statement is entirely consistent with my testimony and well-accepted peer-reviewed literature.  However, it is not consistent with the remainder of Prof. Alves-Pereira’s testimony, where she indicates that a person’s report of...

	Q. Prof. Alves-Pereira discusses the scientific validity of self-reported health complaints in lines 134-50 of her testimony.  Do you have a response?
	A. Yes.  Prof. Alves-Pereira’s discussion is not consistent with the normal clinical process I have previously described in this testimony.  Self-reported health complaints are certainly part of the clinical process, but they do not become scientifica...

	Q. Prof. Alves-Pereira discusses infrasound and low-frequency noise, or “IFLN.”  What is infrasound?
	A. As I described in my Supplemental Direct Testimony, infrasound is sometimes referred to as “low frequency” sound and is sound that is between 0 hertz (“Hz”) and 20 Hz.  A level of 20 Hz is commonly considered to be the low end of the range of human...

	Q. What are sources of infrasound?
	A. As I noted in my Supplemental Direct Testimony, human organs produce infrasound.  For example, heart sounds are in the range of 27 to 35 dBA at 20-40 Hz, and lung sounds are reported in the range of 5-35 dBA at 150-600 Hz; these sources are in the ...

	Q. Professor Alves-Pereira discusses infrasound, particularly that from wind turbines, and its potential impacts on human health.  Are you aware of any recent studies on this topic?
	A. Yes.  Researchers in the United States (Massachusetts) (2012) (Roberts Supplemental Direct Testimony, Exhibit 7), Germany (2016) (Exhibit 1), Japan (2017) (Exhibit 2), France (2017) (Roberts Supplemental Direct Testimony, Exhibit 3), Denmark (2009)...
	Most recently, the March 2017 French National Agency for Food Safety, Environment and Labor (“ANSES”) carried out measurement campaigns near three wind farms. A summary of this study is included as Exhibit 3 of my Supplemental Direct Testimony (the or...

	Q. Do you agree with the ANSES conclusions?
	A. Yes.  They are consistent with the peer-reviewed literature on wind turbine noise.

	Q. In response to the question, “[w]hy are some people affected and others not within the same household” regarding infrasound, Prof. Alves-Pereira discusses “two exposure-linked factors.”  (Alves-Pereira Direct, lines 180-88.) Do you have a response?
	A. Yes.  First, without evidence, Prof. Alves-Pereira asserts that individuals are negatively affected by infrasound.  Second, Prof. Alves-Pereira makes the assertion that two “exposure-linked factors” “profoundly condition the onset of symptoms among...

	Q. In response to the same question, Prof. Alves-Pereira then discusses “individual susceptibility factors.”  (Alves-Pereira Direct, line 189.)  Do you agree?
	A. No.  As with her assertions regarding “exposure-linked factors,” Prof. Alves-Pereira provides no scientific support for her statements, and I am not aware of any.

	Q. Prof. Alves-Pereira states that she and her group are collecting data regarding wind turbines, including “conducting extensive interviews among the complaining populations.”  (Alves-Pereira Direct, line 214.)  What are your thoughts on these statem...
	A. Prof. Alves-Pereira’s statements demonstrate the serious flaws of her described “study.”  It is hard to evaluate the study without reading it, but Prof. Alves-Pereira’s reliance on “complaining populations” without comparison to noise exposure meas...

	Q. Prof. Alves-Pereira asserts that “[s]afe distances have not yet been established for the IFLN generated by wind turbines.”  Do you agree with this conclusion?
	A. No.  Again, Prof. Alves-Pereira implies that there are adverse health effects from wind turbines, but she fails to back up these claims with scientific data.  Put simply, adverse health effects have not been linked to infrasound generally or to inf...

	Q. Prof. Alves-Pereira asserts that your testimony treats wind turbines, rather than infrasound, as “agents of disease.”  Do you agree?
	A. No.  Prof. Alves-Pereira misunderstands my testimony and my opinions.  What I have clearly stated is that the peer-reviewed, published literature and the results of numerous reviews of that literature do not indicate that infrasound at the levels g...

	Q. Prof. Alves-Pereira asserts that “studies comparing people who live near wind turbines with those who do not” are not scientifically valid.  (Alves-Pereira Direct, lines 314-15.)  Do you agree?
	A. No, not at all.  The cornerstone of an epidemiological study – and the scientific method – is the fact that there is a comparison group.  It is critical to have a comparison group to determine whether there is an increase in health factors – subjec...

	Q. Professor Alves-Pereira asserts that “receiving 10 chest x-rays per day for a year, might indeed begin to pose a problem in terms of health effects.  It is the same with IFLN.”  (Alves-Pereira Direct, lines 363-64.)  Do you agree?
	A. This is not a valid comparison. There is a significant body of reliable, published, peer-reviewed literature regarding the adverse effects of x-rays, starting with Madame Curie. By contrast, there is no evidence that the sound levels generated by w...

	Q. Prof. Alves-Pereira attaches a document titled Neurological Manifestations Among US Government Personnel Reporting Directional Audible and Sensory Phenomena in Havana, Cuba as Exhibit 3 to her testimony (“Havana Paper”).  Are you familiar with the ...
	A. Yes.  The “Havana Paper” is a brief description of health investigations of U.S. government personnel serving on diplomatic assignment in Havana, Cuba, that they experienced “neurological symptoms” thought to be associated with exposure to auditory...

	Q. In your opinion, does the Havana Paper provide the Commission with helpful information related to this Project?
	A. No.  Prof. Alves-Pereira asserts that the symptoms reported by the Cuban diplomats “are very similar to those made by families living in ILFN-contaminated homes.”   This assertion is not well-founded.  Diplomatic staff complained of a high-pitched ...

	Q. Prof. Alves-Pereira attaches a document titled Occupational and Residential Exposures to Infrasound and Low Frequency Noise in Aerospace Professionals: Flawed Assumptions, Inappropriate Quantification of Acoustic Environments, and the Inability to ...
	A. Yes.  The Aerospace Paper is co-authored by Prof. Alves-Pereira and asserts, as Prof. Alves-Pereira does in her testimony, that the dBA metric is not adequate to protect against excessive infrasound exposure.

	Q. In your opinion, does the Aerospace Paper provide the Commission with helpful information related to this Project?
	A. No.  This paper focuses on the noise levels associated with the aerospace industry, which are orders of magnitude greater that the noise levels measured at wind farms.  The graphs shown in that paper are illustrating levels of 70+ decibels.  In add...

	Q. Prof. Alves-Pereira attaches a document titled Infrasound and Low Frequency Noise: Shall we Measure it Properly? as Exhibit 5 to her testimony (“ILFN Paper”).  Are you familiar with the ILFN Paper?
	A. Yes.  As Prof. Alves-Pereira notes, it is a “more informal paper” that described her fieldwork in Ireland.

	Q. In your opinion, does the ILFN Paper provide the Commission with helpful information related to this Project?
	A. No.  The paper lacks significant information needed to assess it.  First, the testing does not report background levels of low frequency sound in the homes.  Secondly, there is no indication of the type of wind turbine or power output that could gi...

	Q. Prof. Alves-Pereira attaches a document titled An Evaluation of Environmental, Biological, and Health Data from the Island of Vieques, Puerto Rico as Exhibit 6 to her testimony (“Vieques Paper”).  Are you familiar with the Vieques Paper?
	A. Yes.

	Q. In your opinion, does the Vieques Paper provide the Commission with helpful information related to this Project?
	A. No.  The Vieques Paper highlights how the investigation of public health events can be performed but sheds no light on the questions regarding wind turbines and health.  It does, however, highlight the fact that the claim made by the Portuguese res...

	Q. Prof. Alves-Pereira attaches a document titled Vibroacoustic Disease: Biological effects of infrasound and low-frequency noise explained by mechanotransduction cellular signalling as Exhibit 7 to her testimony (“2006 VAD Paper”).  Are you familiar ...
	A. Yes.

	Q. In your opinion, does the 2006 VAD Paper provide the Commission with helpful information related to this Project?
	A. No.  As noted by the researchers in the 2006 VAD Paper, there has been “much controversy and acrimonious debate over whether or not acoustical phenomena can cause extra-auditory effects on living organisms.”  In addition, it is not evident from a r...

	Q. Prof. Alves-Pereira attaches a document titled Vibroacoustic Disease I: The Personal Experience of a Motorman as Exhibit 8 to her testimony (“Motorman Paper”).  Are you familiar with the Motorman Article?
	A. Yes.  This is a layperson’s account of a presumed occupational exposure to low-frequency sound.

	Q. In your opinion, does the Motorman Article provide the Commission with helpful information related to this Project?
	A. No.  The Motorman Article is a layperson’s opinion and has no scientific data to contribute to a discussion about wind turbines.

	Q. Prof. Alves-Pereira attaches a document titled Vibroacoustic Disease and Respiratory Pathology III – Tracheal and Bronchial Lesions as Exhibit 9 to her testimony (“VAD Respiratory Paper”).  Are you familiar with the VAD Respiratory Paper?
	A. Yes.  This is a case series published by Prof. Alves-Pereira’s research group. It is a report of the results of biopsies of the respiratory tract of four individuals (two of whom were smokers), three of whom were employed in occupations involving a...

	Q. In your opinion, does the VAD Respiratory Paper provide the Commission with helpful information related to this Project?
	A. No.  This paper has nothing to do with wind turbines.  It also does not follow the scientific method of risk evaluation – there is no objective assessment of intensity, duration, or frequency of low-frequency noise exposure that would identify whet...

	Q. Prof. Alves-Pereira attaches a document titled Vibroacoustic Disease in a Ten Year Old Male as Exhibit 10 to her testimony (“2004 VAD Paper”).  Are you familiar with the 2004 VAD Paper?
	A. Yes.

	Q. In your opinion, does the 2004 VAD Paper provide the Commission with helpful information related to this Project?
	A. No.  This is a case report of claimed low-frequency noise exposure, but it is not clear that the source was identified, nor was the sound level quantified sufficiently to support the claimed effect.  Once again, a “diagnosis” of what Prof. Alves-Pe...

	Q. What is your overall impression of Prof. Alves-Pereira’s Testimony?
	A. Prof. Alves-Pereira has not established that the peer-reviewed, published literature has documented a health problem associated with low-frequency sound at the levels generated by wind turbines, let alone that low-frequency sound from any source ca...


	III. RESPONSE TO TESTIMONY OF JERRY PUNCH, Ph.D.
	Q. Have you reviewed the Prefiled Testimony of Jerry L. Punch submitted on behalf of Intervenors in this matter?
	A. Yes.  I reviewed the testimony submitted by Dr. Punch, as well as the exhibits attached to that testimony.

	Q. On page 4 of his testimony, Dr. Punch references an article he authored titled Wind turbine noise and human health: a four-decade history of evidence that wind turbines pose risks, which he attaches as Exhibit 2 to his testimony (the “2016 Punch an...
	A. Yes. I have observed this article on a number of anti-wind websites and seen it produced at various hearings.  It is not consistent with the opinions of local, state, national, and international panels of experts who have reviewed the peer-reviewed...

	Q. Dr. Punch states that the 2016 Punch and James Paper was peer reviewed.  Do you agree?
	A. No.  A summary of the 2016 Punch and James Paper describes the purported “peer review” of this paper as follows:

	Q. In your opinion, does the 2016 Punch and James Paper provide the Commission with helpful information with respect to this Project?
	A. No.  The stated goal of the article is to “provide a systematic review of legitimate sources that bear directly and indirectly on the question of the extent to which WT noise leads to the many health complaints that are being attributed to it.”  Th...

	Q. Dr. Punch states: “I believe that a substantial proportion of people living in the vicinity of the proposed Project can be expected to experience not only annoyance, but also a variety of adverse health effects.”  Do you agree?
	A. No.  Dr. Punch’s “belief” is not a scientifically-validated conclusion.  His “belief” is also not supported by the published, peer-reviewed literature on this topic, as I discussed in my Supplemental Direct Testimony.  Annoyance is not a health eff...

	Q. Dr. Punch asserts that the 2016 Punch and James Paper “indicate[s] that there is a strong association between exposure to wind turbines and the health complaints, and they strongly suggest that the link is causative.”  (Punch Direct, lines 150-52.)...
	A. No.  Based on Dr. Punch’s testimony, he is not relying upon evidence from epidemiological studies conducted using the scientific method.  To the extent Dr. Punch is referring to the process of asking individuals if they experienced health condition...

	Q. Dr. Punch states that “general causation and specific causation . . . differ based on the targets of interest: the general population versus targeted individuals, respectively.”  (Punch Direct, lines 159-60.)  Do you agree with this characterization?
	A. No, Dr. Punch is not correct.  General causation refers to the science that identifies the cause of disease - the risk factors or characteristics generally associated with the development of a disease.  Specific causation refers to the determinatio...

	Q. Dr. Punch states that your “testimony rests primarily on [your] credentials in epidemiology and apparently not on [your] first-hand experience with people who have been exposed to wind turbine noise over long periods of time.”  (Punch Direct, lines...
	A. Dr. Punch appears to misunderstand what qualifies someone to evaluate an exposure situation based on the scientific method.  I spent 17 years in the Oklahoma State Department of Health.  During most of that time, I evaluated health concerns involvi...

	Q. Dr. Punch also states that you “essentially dismiss[ ] most of the nine [Bradford Hill] criteria by naming them, without discussing their implications.”  (Punch Direct, lines 180-81.)  What are the Bradford Hill criteria?
	A. The “Bradford Hill” criteria were proposed by Sir Austin Bradford Hill in 1965.  They are a set of nine criteria to provide epidemiologic evidence of a causal relationship between a presumed cause and an observed effect when the association of caus...

	Q. What is your response to Dr. Punch’s assertion that you “dismissed” the Bradford Hill criteria?
	A. I disagree.  My assessment methods are consistent with the Bradford Hill criteria.  It is apparent from the peer-reviewed, published research that specific health effects have not been proven to be associated with sounds produced by wind turbines.

	Q. Dr. Punch cites a paper prepared by Dr. Carl Phillips.  Are you familiar with Dr. Phillips?
	A. Yes.  Despite Dr. Punch’s statement otherwise, Dr. Phillips is not an epidemiologist.  Instead, he holds a Ph.D. in public policy and is a “Scientific Advisor” to the Society for Wind Vigilance.4F   As I noted earlier, this is a well-known anti-win...
	Dr. Phillips’ arguments center on the opinion that there is sufficient “scientific evidence” that wind turbines cause a multitude of symptoms and disease for residents living nearby.  The basis of his opinion is that “people can observe that the noise...

	Q. Dr. Punch attempts to critique your discussion of the “nocebo effect.”  What is the nocebo effect?
	A. The nocebo effect is the recognized human response to a negative belief or impression.  For example, if a patient does not think that a medication will be effective, there is a high probability that the medication will not be effective.  Nocebo is ...

	Q. What is the relevance of the nocebo effect to this proceeding?
	A. There is clear evidence in the medical literature regarding both the placebo effect and nocebo effect.  (Meissner 2011.)  It is real, and it is key to understanding health complaints about phenomena that occur around us.  Research going back decade...

	Q. Dr. Punch states that, in the 2016 Punch and James Paper, he and his co-author concluded that it is most plausible that “a variety of adverse reactions are physiological effects caused directly or indirectly from exposure to low-frequency sound and...
	A. No.  Neither Dr. Punch nor Mr. James is a physician.  I do not find it convincing that they can determine the cause of a health complaint simply by evaluating an individual’s claim.  As I have discussed multiple times herein, there is an establishe...

	Q. Dr. Punch states that, “[w]hile psychological expectations and the power of suggestion can influence perceptions of the effects of wind turbine noise on health status, no scientifically valid studies have yet convincingly shown that psychological f...
	A. Dr. Punch’s statement is not true and demonstrates a lack of basic understanding about the psychological factors associated with human response.  Even a cursory review of the literature negates this argument.  For example, in a paper published by E...

	Q. Dr. Punch states, “I believe that most of these adverse reactions are mediated by disturbances of the hearing and balance mechanisms of the inner ear resulting from the low-frequency noise emitted by industrial wind turbines.”  (Punch Direct, lines...
	A. No.  Dr. Punch provides no scientific support for his belief.  I am not aware of any human data showing that wind turbines have a biological effect on the inner ear.

	Q. What is your overall impression of Dr. Punch’s testimony?
	A. A review of the peer-reviewed, published data does not support Dr. Punch’s general statement about health effects being attributed to the noise of wind turbines.  In addition, his attempts to support his opinions about specific mechanisms of advers...


	IV. RESPONSE TO TESTIMONY OF RICHARD JAMES
	Q. Mr. James references Steven Cooper’s Cape Bridgewater study.  Are you familiar with this study?
	A. Yes.  I believe Mr. James is referring to a study performed in Australia in 2014.  It was an evaluation of three households (six adults) who had previously lodged multiple complaints with the wind turbine operator relative to noise levels of the Ca...

	Q. Do you believe that the Cape Bridgewater study supports any conclusion regarding the potential health effects of low frequency sound from wind turbines?
	A. No.  The Cape Bridgewater study has not been peer-reviewed, and its methodology flaws make the evaluation’s results suspect and unreliable:

	Q. Mr. James attaches a document titled Noise: Windfarms as Exhibit 2 to his testimony (the “Shepherd Paper”).  Are you familiar with the Shepherd Paper?
	A. Yes.  I note that its authors are all affiliated with the anti-wind group, Society for Wind Vigilance.  Specifically, Dr. Hanning is on that group’s Board of Directors, and Drs. Shepherd and Thorne are each a “Scientific Advisor.”7F

	Q. In your opinion, does the Shepherd Paper provide the Commission with helpful information concerning the Project?
	A. No, in the sense that this is a recitation of opinions of individuals who are affiliated with anti-wind groups.  As I noted, Drs. Shepherd and Thorne are “Scientific Advisors” for the Society of Wind Vigilance, and Dr. Hanning and Mr. James are on ...

	Q. The Shepherd Paper states that annoyance is an adverse health effect, relying on the World Health Organization (“WHO”).  What is your response?
	A. Annoyance is not an adverse health effect, it is a normal physiological response which is deeply rooted in the beliefs, culture, and psychological makeup of the individual.  The prevention of annoyance is a worthy but unachievable goal.  It is impo...
	In addition, importantly, the WHO document that the Shepherd Paper relies upon defines annoyance broadly as “a feeling of displeasure associated with any agent or condition, known or believed by an individual or group to adversely affect them.”8F  I f...

	Q. The Shepherd Paper notes that some individuals describe themselves as “noise sensitive.”  What is your response?
	A. That phrase, as used in the Shepherd Paper, is not a recognized specific health condition in medical literature.  It is neither an illness nor a disease but more likely a conditioned response.  In lay terms, this might be described as a state of mi...

	Q. Are you familiar with the Shirley Wind Project study by Dr. Schomer referred to by Mr. James?
	A. Yes.

	Q. Do you believe that Dr. Schomer’s study provides helpful information to the Commission with respect to this Project?
	A. No.  The study did not use study methods such that specific conclusions could be scientifically supported.  It also did not demonstrate a causal relationship between the wind farm and the health complaints reported by some residents.

	Q. Mr. James asserts that you are “not qualified to speak to the issue of acoustics or human response to wind turbine noise.”  (James Direct, lines 398-99.)  What is your response?
	A. I will be the first to admit that I am not an acoustician.  I am, however, a graduate trained epidemiologist with 30 years of experience working in public health and 20 of those years working in the areas of occupational and environmental medicine ...


	V. CONCLUSION
	Q. After reviewing the testimonies of Prof. Alves-Pereira, Dr. Punch, and Mr. James, do you still hold the opinions offered in your Supplemental Direct Testimony?
	A. Yes.  My opinions are based on peer-reviewed, published literature, and Dr. Alves-Pereira, Dr. Punch, and Mr. James did not present any testimony based on similarly reliable research.  It is important to acknowledge that there have been more than 4...

	Q. Does this conclude your Rebuttal Testimony?
	A. Yes.
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	I. INTRODUCTION
	Q. Please state your name.
	A. My name is Peter Pawlowski.

	Q. Did you provide Direct Testimony in this Docket?
	A. Yes.  I submitted Supplemental Direct Testimony on August 10, 2018.

	Q. What is the purpose of your Rebuttal Testimony?
	A. The purpose of my Rebuttal Testimony is to:  (1)  provide an update regarding the Project’s county-level permits; (2) provide an update regarding the specifications of the GE 3.8-137 wind turbine model that Prevailing Wind Park, LLC (“Prevailing Wi...


	II. LOCAL PERMITTING UPDATE
	Q. In your Supplemental Direct Testimony, you provided an update regarding the status of the Project’s local permitting.  Do you have further updates?
	A. Yes.  The current permitting status in each county where Project facilities are proposed is as follows:


	III. TURBINE MODEL SPECIFICATIONS
	Q. Do you have any updates to the turbine model specifications that Prevailing Wind Park proposes to use for the Project?
	A. Yes.  As stated in Prevailing Wind Park’s response to Staff Data Request (“DR”) 1-3, Prevailing Wind Park has selected the GE 3.8-137 wind turbine model for the Project.  While Table 8-3 in the Project’s Application for a Facility Permit indicated ...

	Q. Why did Prevailing Wind Park select a taller hub?
	A. By increasing the hub height from 110 meters to 111.5 meters, the turbine can house the transformer within the turbine tower.  With the 110-meter hub, the transformer must be placed on a base external to the turbine tower.  Thus, the slight increas...

	Q. Have any of the other turbine model specifications changed?
	A. No.

	Q. With the increased hub height, does the Project still comply with all applicable requirements and Prevailing Wind Park’s prior commitments?
	A. Prevailing Wind Park has confirmed that, with one exception, the layout using the updated turbine height will comply with all highway and property line setbacks.  For one turbine location, T28, the turbine location was adjusted 10 feet to the west ...
	Prevailing Wind Park also conducted updated noise and shadow flicker modeling with the taller hub. The results of that analysis show that for noise, as described in Chris Howell’s Rebuttal Testimony, the modeled level at occupied residences remains be...
	The updated shadow flicker analysis is described in Aaron Anderson’s Rebuttal Testimony and discussed further below.


	IV. RESPONSE TO TESTIMONY OF DARREN KEARNEY
	Q. Mr. Kearney discusses Intervenors’ comments regarding a 2-mile setback from non-participating residences.  What is your response?
	A. I agree with Mr. Kearney that there is no evidence supporting a 2-mile setback for the Project.  Rather, as Applicant’s witnesses’ testimony demonstrate, the Project meets the Commission’s siting requirements applying the current setbacks, as well ...

	Q. Mr. Kearney also discusses Intervenors’ comments regarding a 1,500 foot setback from property lines.  What is your response?
	A. For the same reasons noted in response to the prior question, I agree with Mr. Kearney that there is no evidence supporting such a setback.  Scott Screech addresses this setback in more detail in his Rebuttal Testimony.

	Q. Mr. Kearney states that “Staff has one concern regarding shadow flicker that is expected to occur at a nonparticipant (receptor REC-076).”  Has Prevailing Wind Park reviewed this issue?
	A. Yes.  As an initial matter, I note that Prevailing Wind Park has committed to shadow flicker being less than 30 hours per year and/or 30 minutes per day at currently inhabited, non-participating residences in Charles Mix County.  Mr. Kearney correc...

	Q. Mr. Kearney states that “one permit condition that Prevailing Wind Park and Staff may differ on is the amount of funding required to be set aside in an escrow account for the decommissioning of wind turbines.”  Has Prevailing Wind Park proposed a p...
	A. Yes.  After reviewing Mr. Kearney’s testimony, Prevailing Wind Park has determined that it will propose a decommissioning condition consistent with the Staff’s recommendation.  Specifically, Prevailing Wind Park proposes the following condition:


	V. CONCLUSION
	Q. Does this conclude your Rebuttal Testimony?
	A. Yes.
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	I. INTRODUCTION AND QUALIFICATIONS
	Q. Please state your name, employer, and business address.
	A. My name is Keith Thorstad.  I am the owner of Thorstad Companies.  My business address is 101 Second Street West, PO Box 321, Chokio, Minnesota.

	Q. Briefly describe your educational and professional background.
	A. I have a degree in Industrial Technology.  I have worked in the construction industry for 40 years and have 20 years of experience working with wind energy developers and owners across the United States.  I have worked on more than 200 projects.  A...

	Q. What is your company’s role with respect to the Prevailing Wind Park Energy Facility (“Project”)?
	A. Thorstad Companies is serving as the Engineer-Procure-Construct (“EPC”) contractor for the 200 megawatt ("MW”) Project.


	II. PURPOSE OF TESTIMONY
	Q. What is the purpose of your Direct Testimony?
	A. The purpose of my Direct Testimony is to describe the design and construction of the Project.

	Q. What exhibits are attached to your Direct Testimony?
	A. Exhibit 1:  Resume

	Q. Please identify the sections of the Application to the South Dakota Public Utilities Commission for a Facility Permit (“Application”) that you are sponsoring for the record.
	A. I am sponsoring the following sections of the Application:


	III. PROJECT OVERVIEW
	Q. Please provide an overview of the Project and its components.
	A. The proposed Project is an up to 200 MW wind energy facility and would include the following components:

	Q. What is the proposed construction schedule for the Project?
	A. As discussed in the Direct Testimony of James Damon and Section 19.0 of the Application, Prevailing Wind Park, LLC (“Prevailing Wind Park”) expects Project construction to commence in the Fourth Quarter of 2018.  Prevailing Wind Park anticipates th...


	IV. PROJECT DESIGN AND CONSTRUCTION
	Q. From an engineering and operational design perspective, please describe the turbines that may be used for the Project.
	A. The Project would consist of up to 61 wind turbines that will generate up to 200 MW of energy.  Both representative turbine models, the GE 3.8-137 and Vestas 136-3.6, have Supervisory Control and Data Acquisition (“SCADA”) communication technology ...

	Q. Please describe the foundations that will be constructed for the turbines.
	A. The expected turbine foundation would be a spread foundation design.  Foundations for the towers would be approximately 2,700 square feet, with a depth of up to 10 feet.  Except for approximately 12 inches that would remain aboveground to allow the...

	Q. Will the collection system be installed underground?
	A. Generally, yes.  The 34.5-kilovolt (“kV”) electrical collection system will be installed underground and bundled with the fiber-optic communication system cables.  Occasional junction boxes will be located aboveground at points where the cables are...

	Q. Could you describe the Project collection substation?
	A. A new collector substation would be constructed in the center of the Project Area, on private land, where the 34.5-kV electric collection grid and fiber-optic communication network would terminate. The Project collection substation will include a m...
	The design of the collector substation is not finalized, but Prevailing Wind Park expects it would be enclosed by a chain link fence with dimensions of roughly 350 feet by 450 feet (4 acres). The collector substation components would be placed on conc...

	Q. Please describe the O&M facility that will be constructed for the Project.
	A. The O&M facility would be located within the Project Area, in a location with proper transportation, communications facilities, and easy access to Project facilities.  The proposed O&M facility would house the equipment to operate and maintain the ...

	Q. Please discuss the design and installation of the permanent MET towers.
	A. Prevailing Wind Park anticipates that the Project would include permanent wind measurement equipment, which could consist of up to four permanent 80-meter meteorological towers.  The permanent meteorological towers would be self-supporting and woul...

	Q. With respect to Project access roads, how will access road requirements differ during and after construction?
	The Project’s access roads will provide access to turbines and other Project facilities during construction and for maintenance and monitoring during operations.  During construction, most access roads will have temporary widths of approximately 50 fe...


	V. CONCLUSION
	Q. Does this conclude your Direct Testimony?
	Keith Thorstad.
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	I. INTRODUCTION
	Q. Please state your name.
	A. My name is Chris Howell.

	Q. Did you provide Direct Testimony in this Docket?
	A. Yes.  I submitted direct testimony in this docket on May 30, 2018.

	Q. What is the purpose of your Rebuttal Testimony?
	A. The purpose of my Rebuttal Testimony is to provide the results of updated acoustic modeling to reflect a taller hub height for the proposed turbine, two small turbine shifts and nine (9) additional occupied residences that were identified in Prevai...

	Q. Are there any exhibits attached to your Rebuttal Testimony?
	A. The following exhibit is attached to my Rebuttal Testimony:


	II. UPDATED ACOUSTIC MODELING
	Q. Do you have any updates to your Direct Testimony?
	A. Yes.  We have conducted updated acoustic modeling of the Project’s proposed layout to model the proposed GE 3.8-137 turbine a with a taller hub height (111.5 meters v. 110 meters), sound for the additional nine (9) receptors, the revised locations ...

	Q. Could you summarize the results of your updated acoustic modeling?
	A. Yes.  The updated modeling results are generally consistent with the previously submitted sound study.  All residences are expected to be below 45 A-weighted decibels (dBA) and  therefore meet the Bon Homme County Ordinance sound limits.0F

	Q. Can you discuss the accuracy of your analysis of the anticipated sound levels generated by the Project?
	A. Yes.  As I previously discussed in my Direct Testimony (Howell Direct, lines 215-22), the methods we used in this study to develop potential Project sound impacts are consistent with those we have used in most of our predictive studies.  Nearly hal...


	III. RESPONSE TO TESTIMONY OF DAVID HESSLER
	Q. What is your overall response to Mr. Hessler’s testimony?
	A. I have reviewed Mr. Hessler’s Direct Testimony, dated September 10, 2018.  Mr. Hessler concludes that our noise modeling methodology and assumptions are satisfactory.  Mr. Hessler concurs with our conclusion that the Project will meet the Bon Homme...

	Q. Mr. Hessler faults your analysis for not “assessing or addressing in any way the potential for an adverse community reaction to project noise.”  Do you agree with this criticism?
	A. I agree that our analysis did not assess the potential for an adverse community reaction to Project noise, but I do not agree that it should have done so.  The Burns & McDonnell analysis identified the Project’s anticipated sound level impacts, usi...

	Q. Are you familiar with the work of Australian acoustician Steven Cooper, as referenced by Mr. Hessler?
	A. Yes, I am familiar with Mr. Cooper of The Acoustics Group in Australia and his work.  Mr. Hessler refers to a paper that Mr. Cooper authored.2F   The referenced paper discusses a very specific method for monitoring and reproducing sound from wind f...

	Q. What is your opinion of Mr. Cooper’s study?
	A. I do not believe that the study provides helpful information to the Commission with respect to the Project.  It has methodological flaws and does not reproduce a realistic environment.  The study suggests that people who are more sensitive to low f...

	Q. Do you agree with Mr. Hessler’s analysis of Mr. Cooper’s study?
	A. I do not agree that the Commission should rely on Mr. Cooper’s study.  As I noted previously, the study has methodological flaws, making it unreliable.  It also does not replicate the sound that individuals will actually experience near a wind farm...


	IV. RESPONSE TO TESTIMONY OF RICHARD R. JAMES
	Q. Have you reviewed the Prefiled Testimony of Richard R. James, submitted on behalf of intervenors in this proceeding?
	A. Yes.  I have reviewed Mr. James’ testimony, as well as the exhibits attached to his testimony.

	Q. Mr. James critiques your assessment of the Project using a 45 dBA sound limit.  How do you respond to his critique?
	A. The Project did not independently choose to apply the 45 dBA sound level.  Rather, the Bon Homme County ordinance limit of 45 dBA sound level for non-participants was identified as the applicable regulatory noise limit for the Project.  The Project...

	Q. Mr. James states that “the maximum sound level for audible sounds should be 35 dBA (Leq) and 50 dBC, especially for nighttime wind turbine noise.” (James Direct, lines 101-02)  How do you respond?
	A. I do not agree.  First, C-weighted levels are of no significance to sounds created by wind farms.  Second, as noted by Mr. Hessler in his Direct Testimony, the 45 dBA level is appropriate and C-weighting also has other serious technical problems.

	Q. Are you familiar with the paper titled Noise:  Wind Farms included as Exhibit 2 to Mr. James’ testimony?
	A. Yes.  The paper describes wind turbines in general, and how they make noise.  It goes on to recommend that further research should be conducted as there is no definitive evidence of wind turbine noise and direct health effects.

	Q. Do you believe that the Noise:  Wind Farms paper provides the Commission with important information related to the Project?
	A. I believe the paper makes it clear that complaints arising from wind farms are more related to how people feel about the wind farm than the actual sound levels emitted by the wind farm.  Because of this, the paper is not very useful to the Commissi...

	Q. Are you familiar with the work of Dr. Paul Schomer, titled A Possible Criterion for Wind Farms, included as Exhibit 3 to Mr. James’ testimony?
	A. Yes.  Dr. Schomer attempts to identify a single metric to use for determining acceptability of a wind farm’s sound levels based on an assumed percentage of residents that would be highly annoyed.  Dr. Schomer argues that the percent of people highl...

	Q. Do you agree with Mr. James’ analysis of Dr. Schomer’s paper?
	A. No.  Mr. James appears to argue that Dr. Schomer makes recommendations similar to those of Mr. James regarding noise thresholds in rural communities.  Dr. Schomer’s analysis does not support the use of dBC criteria, which runs counter to Mr. James’...

	Q. Mr. James appears to assert that the Project should apply noise limits to property lines as opposed to occupied residences.  Do you agree?
	A. No.  As I discussed above, the only applicable noise limit with respect to the Project is that set by Bon Homme County.  I agree with Mr. Hessler’s testimony that the sound levels at residences is the appropriate measurement and consistent with the...

	Q. Have you reviewed Exhibit 6 to Mr. James’ testimony?
	A. Yes, I have looked at Mr. James’ Exhibit 6.  There are various figures and descriptions for measuring infrasound at several residences.

	Q. Do you believe that Exhibit 6 to Mr. James’ testimony presents useful information to the Commission with respect to this Project?
	A. No, I do not.  The graphics and charts demonstrate that the sound levels measured at a different, non-similar project are all significantly below the levels of perception presented within numerous studies of infrasound perception and hearing from I...

	Q. Mr. James notes that ISO 9613-2 “states it is not applicable for noise sources that are more than 30 meters above the ground or receiver elevation” (James Direct, lines 249-350) and Mr. James indicates that ISO 9613-2 is not appropriate for wind tu...
	A. Using a model based on ISO 9613-2 methods for wind farm sound is a good predictor of what will be measured upon completion of the Project, and is the international standard approach for acoustical studies for wind farms.  The modeling results have ...

	Q. Mr. James comments on the values for ground attenuation reflected in the Burns & McDonnell sound model, stating that the values used for ground attention were not disclosed and that the “proper value for ground attenuation is ‘0’ to turn off any ca...
	A. Using “0” for ground absorption is considered overly conservative, and is representative of “hard ground” (i.e., paving, water, ice, concrete).  The Project area is predominantly agricultural in nature, which according to ISO 9613-2 is considered “...
	According to ISO 9613-2, ground absorption plays a role in three distinct areas:  the source, the middle, and the receiver.  While the source and middle are at significant elevations, the receiver area is near grade and will be influenced by the groun...

	Q. Do you agree with Mr. James’ conclusion that predicted sound levels at receptors in and near the Project are at least 5 dBA less than what should be expected under operating conditions?
	A. No.  We are confident that our modeling results are conservative and that the noise levels predicted in our modeling will not be exceeded when the Project is operational.   Models can be set up to under predict or over predict.  In a regulatory set...


	V. RESPONSE TO TESTIMONY OF JERRY L. PUNCH
	Q. Dr. Punch suggests that LAmax is the optimal noise measurement metric.  Why didn’t Burns & McDonnell use LAmax as a noise measurement metric in its Sound Study?
	A. LAmax is not appropriate as a noise measurement metric for noise from wind turbines.  According to the World Health Organization’s (2009) Night Guidelines  (“WHO Guidelines”), LAmax is useful to predict short-term or instantaneous noise sources, su...
	Additionally, the WHO Guidelines do not suggest LAmax as a guideline limit.  Rather, they suggest an Lnight, outdoor level of 40 dBA.  This is an average sound level during all nighttime hours (8-hour period) over each night of an entire year, and the...

	Q. Dr. Punch suggests that, as an alternative to LAmax, 36-38 dBA, based on a 24-hour measurement period, is an appropriate noise limit.  Do you agree?
	A. As discussed above, a 24-hour Leq limit is not appropriate for this type of source, and is likely to misjudge the sound level of a wind farm at any given time.  As such, a 24-hour Leq limit may be less restrictive than a lower sound level over a sh...

	Q. Dr. Punch critiques the Burns & McDonnell sound study for not including a discussion of the annoyance and adverse health impacts of the Project.  Do you agree with Dr. Punch’s assessment?
	A. I agree that we did not perform an analysis of annoyance.  That is not a criterion for compliance and would be speculative at best.  The Burns & McDonnell sound study focused on demonstrating compliance with the applicable sound regulations for the...

	Q. What is your response to Dr. Punch’s identification of shortcomings in your study of background sounds?
	A. Dr. Punch indicated that the Burns & McDonnell ambient study showed high sound levels.  The report does show that an ambient L90 sound level of 45 dBA was measured, but states that it was one measurement location during early evening hours.  All ot...


	VI. CONCLUSION
	Q. Does this conclude your Rebuttal Testimony?
	A. Yes.
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	I. INTRODUCTION
	Q. Please state your name.
	A. My name is Bridget Canty.

	Q. Did you provide Direct Testimony in this Docket?
	A. Yes.  I submitted Direct Testimony on May 30, 2018.  I also submitted Supplemental Direct Testimony on August 10, 2018.

	Q. What is the purpose of your Rebuttal Testimony?
	A. The purpose of my Rebuttal Testimony is to provide updates to my Supplemental Direct Testimony concerning the following:

	Q. Are there any exhibits attached to your Rebuttal Testimony?
	A. The following exhibits are attached to my Rebuttal Testimony:


	II. UPDATES TO SUPPLEMENTAL DIRECT TESTIMONY
	Q. In your Supplemental Direct Testimony at page 2, you indicated that Prevailing Wind Park intended to do additional archaeological field survey work as part of WAPA’s Section 106 process.  Do you have an update?
	Q. In your Supplemental Direct Testimony at page 2, you indicated that a historical/architectural survey was currently underway.  Do you have an update?
	A. Yes. Prevailing Wind Park’s cultural resources consultant recently completed the historical/architectural survey.  During the survey, 324 properties were analyzed. One National Register of Historic Places (“NRHP”)-listed property was identified. Si...

	Q. What is the status of WAPA’s environmental review of the Project?
	A. Prevailing Wind Park expects that WAPA will issue the draft EA this fall.

	Q. In your Supplemental Direct Testimony at page 3, you stated that Prevailing Wind Park was continuing to investigate the omission of Ms. Schoenfelder’s residence on Project figures.  Do you have an update?
	A. Yes.  As discussed in Prevailing Wind Park’s response to Staff Data Request 1-2, the inhabited status of dwellings was first determined in 2016.  As I understand it, at this time, the inhabited status of dwellings was determined by (1) reviewing ae...

	Q. What verification process did Burns & McDonnell undertake?
	A. The verification process is described in the September 22, 2018 memorandum from Burns & McDonnell, which is attached as Exhibit 1.  Generally, Burns & McDonnell first reviewed aerial imagery to identify potential additional occupied residences with...

	Q. What were the results of Burns & McDonnell’s work?
	Q. How is Prevailing Wind Park using the results of the Burns & McDonnell review?
	Q. Has Prevailing Wind Park made any changes to the Project based on the review of potential occupied residences?
	Q. Please describe the two minor turbine shifts that Prevailing Wind Park has made.
	A. As Peter Pawlowski testified in his Rebuttal Testimony, the GE3.8-137 is being modified with a taller hub to allow the transformer to be housed within the turbine.  That modification increases the total system height to 590 feet, 5.5 inches.  This ...
	The second move was for turbine location T40, 50 feet to the north.  This move was coordinated with the National Telecommunications and Information Administration to ensure no conflict with microwave beam paths.
	The removal of T19 and the two minor turbine shifts were evaluated in the Project’s updated shadow flicker and noise analyses I referenced above.  Exhibit 2 shows the revised Project layout that includes the additional nine occupied residences, reflec...


	III. CONCLUSION
	Q. Does this conclude your Rebuttal Testimony?
	A. Yes.
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	I. INTRODUCTION
	Q. Please state your name.
	A. My name is Michael MaRous.

	Q. Did you provide Supplemental Direct Testimony in this Docket?
	A. Yes.  I submitted Supplemental Direct Testimony in this docket on August 10, 2018.

	Q. What is the purpose of your Rebuttal Testimony?
	A. The purpose of my Rebuttal Testimony is to respond to the testimony of South Dakota Public Utilities Commission Staff witness David Lawrence.  As discussed below, since much of Mr. Lawrence’s testimony supports my conclusions, my rebuttal testimony...

	Q. What is your overall response to Mr. Lawrence’s testimony?
	A. Overall, Mr. Lawrence’s testimony and the data he discusses further support my conclusion that there is no market evidence that proximity to a wind turbine adversely affects South Dakota property values.  Mr. Lawrence’s work, along with mine, demon...


	II. MARKET IMPACT ANALYSIS
	Q. Mr. Lawrence states that there is a gap in the research in the Market Impact Analysis because it does not analyze the nearby wind projects (i.e., Beethoven Wind Project, SD Wind Partners, Prairie Winds SD-1 and Prairie Winds, Titan Wind Project, an...
	A. I disagree.  There is not a gap in the research; rather, market sales are limited.  As further described in my Supplemental Direct Testimony and the Market Impact Analysis, I reviewed data on the market for single-family houses and agricultural pro...
	I chose to focus on wind farms that are comparable to the Project in both number of turbines and project footprint.  Accordingly, I did not review data from the ten-turbine Titan Wind Project (located in Hand County), or from Brule County, which has o...

	Q. Mr. Lawrence asserts that one should have “at least fifteen sales for a case-by-case analysis (per property type).”  Lawrence Direct at 13.  What is your response?
	A. I do not agree with Mr. Lawrence and I note that he does not identify any standard for his asserted minimum.  The Market Impact Analysis, including the matched pairs analysis, used the best available data.  Many sales in the area are conducted priv...

	Q. Mr. Lawrence references two sales that have occurred in proximity to a wind tower in the Southeast Region near the proposed Project that were not included in the Market Impact Analysis.  Lawrence Direct at 7.  What is your response?
	A. After reviewing Mr. Lawrence’s testimony, I contacted him to obtain information regarding the two sales he identified.  Mr. Lawrence provided raw data and unverified research on potential sales, but no actual sales.  Based on the limited informatio...


	III. APPLICABILITY OF PEER-REVIEWED STUDIES TO SOUTH DAKOTA
	Q. Mr. Lawrence states that the studies presented in the Application and your testimony provide a useful starting point to gauge the potential impacts to rural properties in the Project area, but criticizes several of the studies as not being relevant...
	A. I appreciate Mr. Lawrence’s recognition of the usefulness of the studies included with the Application and by Supplemental Direct Testimony.  I included the studies in my testimony to provide a balanced overview of the peer-reviewed literature.  Th...
	Mr. Lawrence correctly notes that some of these studies looked at residential values in some more populated areas.  However, that does not mean the studies are inapplicable to understanding the potential impact of wind turbines on residential and agri...
	The studies included in the Application and my prior testimony support my opinion that there is no definitive evidence in the literature to indicate that the Project will negatively impact the value of agricultural or residential properties.


	IV. PROPERTY VALUE GUARANTEE
	Q. Mr. Lawrence discusses the difficulty of administering a property value guarantee.  What is your response?
	A. I do not believe a property value guarantee is warranted for this Project or workable.  As I testified, the Project is not expected to have any adverse impact on property values.  I also agree with Mr. Lawrence’s “concerns about how to properly man...


	V. CONCLUSION
	Q. Does this conclude your Rebuttal Testimony?
	A. Yes.
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	I. INTRODUCTION
	Q. Please state your name and business address.
	A. My name is Scott Creech.  My business address is 2180 South 1300 East, Suite 600, Salt Lake City, Utah 84106.

	Q. Did you provide Direct Testimony in this Docket?
	A. No.

	Q. Please describe your background and duties.
	A. I have been working in renewable energy for more than a decade, and my experience has primarily been related to the construction, operation, and repowering of wind projects.  I have a B.S. in Industrial Engineering from Texas A&M University.  My re...

	Q. What is your role with the Prevailing Wind Park Project (“Project”)?
	A. My current position is construction manager. I am tasked with development support until the start of construction. Pulling from past experience in the wind industry, I assist with the development of our Engineering, Procurement and Construction (“E...

	Q. What is the purpose of your Rebuttal Testimony?
	A. The purpose of my Rebuttal Testimony is to provide additional information regarding Project operations in response to the testimony of Darren Kearney submitted on behalf of South Dakota Public Utilities Commission (“Commission”) Staff.

	Q. Are there any exhibits attached to your Rebuttal Testimony?
	A. My resume is attached as Exhibit 1 to this rebuttal testimony.


	II. PROJECT OPERATIONS
	Q. Are you familiar with the issue of icing on wind turbine blades?
	A. Yes, I am aware that icing on wind turbine blades is sometimes raised as an issue with respect to wind projects. Specifically, concerns are raised regarding ice shedding, which is when ice that has built up on blades falls from the blades.

	Q. Is icing a common occurrence on wind turbines?
	A. Icing can occur on blades, but it is not common and is generally controlled by ice detection systems on the turbines.

	Q. What causes icing on wind turbine blades?
	A. Turbines experience icing during conditions of freezing rain – this occurs as temperatures are dropping down to and below freezing and moisture is falling.

	Q. How will icing on the wind turbine blades be detected for the Prevailing Wind Park Project?
	A. The Prevailing Wind Park turbines will include the standard turbine control system on each turbine and an additional purchased accessory software package, including Turbine Computer Monitoring (“TCM”).  The turbine controller senses when the rotor ...

	Q. What happens when the turbine detects icing?
	A. The system safety shuts the turbine down when the rotor speed diminishes and also when vibrations exceed predetermined levels.  The turbine knows that the conditions are present and will not attempt to restart until conditions (temperature) become ...

	Q. Can ice throw be thrown from a turbine that has an ice detection system?
	A. Yes, but it is very rare, and there are methods to minimize and prevent ice throw.  Typically, ice is shed from (i.e., falls in close proximity to) a turbine.  The farthest distance I am aware of ice being thrown from a turbine is approximately 250...

	Q. Mr. Kearney notes that Prevailing Wind Park is generally willing to accept the conditions attached to the permit issued for Dakota Range.  Would you like to comment on any of these conditions?
	A. Yes.  I have reviewed Permit Condition No. 40 related to ice throw, which states:
	Prevailing Wind Park would accept this same condition in a permit issued for the Project.

	Q. Mr. Kearney also testifies that he believes a property line setback of 1,500 feet would “provide added protection for an individual’s personal property or livestock in the event of ice throw or blade malfunction”.  Do you agree?
	A. I disagree with this conclusion. I note that Mr. Kearney also testified that there is inadequate record evidence to support a 1,500 foot property line setback and I agree.  The setbacks incorporated into the layout for the Project provide adequate ...
	As I detailed above, the risk of ice throw is very low and, as the Commission has already found, limited to within approximately 620 feet of the turbine.   The concern of ice throw, as I understand, would be primarily with adjacent non-participating l...

	Q. To the extent the Commission has questions regarding Project operations at the evidentiary hearing in this matter, will you be available to answer such questions?
	A. Yes.


	III. CONCLUSION
	Q. Does this conclude your Rebuttal Testimony?
	A. Yes.
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	I. INTRODUCTION
	Q. Please state your name and business address.
	A. My name is Dr. Jeffrey Ellenbogen.  My business address is 906 Dogwood Hill Court, Towson, Maryland 21286.

	Q. Did you provide Direct Testimony in this Docket?
	A. No.

	Q. Please describe your background and current employment.
	A. I am a medical physician with a license to practice medicine in Maryland.  I have a bachelor’s degree from the University of Michigan, a medical degree from Tufts University, and a master’s in medical science from Harvard Medical School.  I finishe...
	I am providing testimony on behalf of Prevailing Wind Park, LLC (“Prevailing Wind Park”).   My qualifications are attached as Exhibit 1.

	Q. What is the purpose of your Rebuttal Testimony?
	A. The purpose of my Rebuttal Testimony is to respond to intervenor testimony regarding the impacts of wind turbines on human health, particularly with respect to sleep.  I provide testimony regarding my participation in an evaluation of the potential...


	II. WIND TURBINE HEALTH IMPACT STUDY
	Q. In the course of your work, have you had the opportunity to study the alleged health impacts of wind turbines?
	A. Yes.  In 2011, I was approached by the Massachusetts Agencies and asked to join a group of people to evaluate the potential health impacts of wind turbines on humans.  As a result of that evaluation, the document attached as Exhibit 7 to Dr. Mark R...

	Q. Please describe the purpose of the Massachusetts Study.
	A. The Massachusetts Agencies charged us with bringing together a group of experts to perform an independent evaluation of the scientific and medical literature regarding wind turbines and their potential impact on human health, as well as to solicit ...

	Q. Who else served on the panel that prepared the Study?
	A. In addition to myself, the following individuals served on the Study panel (“Panel”):0F

	Q. What methodology did the Panel employ to prepare the Study?
	A. We conducted an extensive review of the scientific literature, as well as other reports, popular media, and public comments received by the Massachusetts Agencies.  We met three times as a group and held additional conference calls to clarify point...

	Q. Did the Massachusetts Agencies direct you to arrive at a particular conclusion as a result of the Massachusetts Study?
	A. Absolutely not.  Indeed, one of the commissioners directed us to be very broad in our approach. If there was a problem, he wanted to know about it.  We understood that our purpose was to seriously consider and examine each of the potential concerns...

	Q. Please summarize the conclusion of the Massachusetts Study.
	A. Overall, the Study concluded that wind turbines do not pose a risk to human health.  The Study included specific findings related to several topics, including, but not limited to, noise and shadow flicker.

	Q. Please explain the Study’s key finding with respect to noise.
	A. We concluded that there is insufficient evidence that noise from wind turbines is directly causing health problems or disease.  Most epidemiological literature on human response to wind turbines relates to self-reported annoyance, and this response...

	Q. Please explain the Study’s finding with respect to shadow flicker.
	A. Scientific evidence suggests that shadow flicker does not pose a risk for eliciting seizure as a result of photic stimulation.  To explain in more detail, what is known about photic-stimulated epilepsy (in other words, seizures as a result of flash...

	Q. Have other studies since the Massachusetts Study reached similar conclusions?
	A. Yes.  As Dr. Mark Roberts testified in his Supplemental Direct Testimony, repeated, peer-reviewed scientific studies from numerous organizations and agencies across numerous countries around the world have similarly found no association between win...


	III. INDEPENDENT MEDICAL CLAIMS
	Q. Since the Study was released, have you had the opportunity to test the Study’s conclusions?
	A. Yes.  From a medical and scientific point of view, wind turbine-caused illness, or what has been called “wind turbine syndrome,” does not exist.  This Massachusetts panel of experts and many other experts around the world have made the same conclus...

	Q. Please describe the results of these independent medical examinations.
	A. I examined four individuals.  In all four instances, I concluded that these people were not getting the medical treatment they needed because they were incorrectly assigning the cause of their health problems to wind turbines.
	The third individual was a 52-year-old bookkeeper who complained of headaches.  I measured her blood pressure, and it was very high.  Untreated high blood pressure often causes headaches.  She had a history of depression that was untreated at the time...
	Finally, the fourth individual was a 60-year-old farmer with balance problems and sleep problems.  Regarding his balance, upon examination, I determined that he had a serious neuropathy.  This resulted in an inability to feel his feet which was causin...

	Q. What did you conclude from these independent medical exams?
	A. Each of these individuals attributed their health problems to wind turbines.  However, wind turbines were not the cause of the identified health issues, and in my opinion, the misapplied blame to wind turbines prevented these individuals from seeki...

	Q. Did you provide testimony in the lawsuit that these individuals brought?
	A. No.  The case settled soon after I completed the independent medical examinations.


	IV. RESPONSE TO INTERVENOR TESTIMONY
	Q. Prof. Alves-Pereira states that, “perhaps more worrisome, families in ILFN-contaminated homes are sleeping while enveloped within an environment that is bombarding their bodies with mechanical agents of disease.”  (Alves-Pereira Direct, lines 374-3...
	A. I have reviewed Prof. Alves-Pereira’s testimony and there is no reasonable basis to presume that infrasound from the wind turbines in the Prevailing Wind Park Project (“Project”) will pose any risk to human health.

	Q. Dr. Punch asserts that “a substantial proportion of people living in the vicinity of the proposed Project can be expected to experience not only annoyance, but also a variety of adverse health effects” including, among other things, sleep disturban...
	A. Based on the sound levels proposed for the Project (below 45 dBA), it is my expert opinion that such sound levels will neither interfere with sleep nor pose a risk to human health.  Dr. Punch’s statement misrepresents the facts and is the kind of s...

	Q. Dr. Punch further asserts that he estimates that “around 15%-25% of exposed residents” will experience extreme annoyance and sleep disturbance because of the Project.  (Punch Direct, lines 124-26).  Is that a reasonable estimate of the problem?
	A. This estimate is a gross exaggeration, both in the number of people affected and the degree of the effect. The experience of annoyance to wind turbines is highly subjective and personal. As noted in the Massachusetts Study (p. 54), annoyance appear...

	Q. Dr. Punch states that studies “have established a closer relationship between subjective responses to community noise and cardiovascular outcomes when the annoyance is sleep-related than when it is non-sleep-related.”  (Punch Direct, lines 135-38)....
	A. Dr. Punch relies a 2009 World Health Organization (“WHO”) report. In the same paragraph of the WHO report, which he misquotes, it also says “[w]ith respect to night noise exposure, nearly no information is available from epidemiological studies on ...

	Q. Dr. Punch asserts that “[w]ind turbine noise is a significant disruptor of sleep.”  (Punch Direct, line 288).  Do you agree?
	A. I disagree. I am not aware of any study demonstrating objective findings that support a claim that wind turbine noise significantly disrupts sleep, particularly at the levels of the Project.  It makes reasonable sense that, if the noise were to be ...

	Q. Relying on Dr. Schomer, Dr. Punch asserts that “wind turbine noise should be limited to an average level of 36-38 dBA, based on a 24-hour measurement period” to minimize or avoid sleep disturbance.  (Punch Direct, lines 317-18).  Is it your opinion...
	A. No.  Noises in the mid-40s dBA represent reasonable levels that are not of substantial concern for sleep.

	Q. Mr. James asserts that the project “has a significant potential to cause adverse health effects related to sleep disturbance.”  Do you agree?
	A. No, I do not agree. The sound level for the proposed Project is well within reasonable limits that I expect will neither cause adverse health effects nor sleep disturbance.

	Q. Mr. James attaches a document titled Noise: Windfarms to his testimony as Exhibit 2 (the “Shepherd Paper”).  Are you familiar with the Shepherd Paper?
	A. Yes.  The paper makes inaccurate, unsubstantiated claims and relies heavily on data of limited quality, including individual claims “reported in the press and on the internet….” (p. 7).  Many of the claims have been criticized or shown to be unsubs...

	Q. Please discuss your thoughts on the sections of the Shepherd Paper which address sleep.
	A. I agree with their comment in figure 1, that “fear of noise-induced annoyance and sleep disruption” is a “barrier to social acceptance” of wind turbines. However, I believe that the basis for this fear is not founded on fact, and is more a function...

	Q. The Shepherd Paper contains various references to “correlation” and “causation.”  What is the difference between correlation and causation?
	A. Correlation and causation are not synonymous. The blurring of the line between these two words can often leave people confused about what action to take to avoid an undesirable outcome.  For example, wearing bifocals is correlated with heart diseas...


	V. CONCLUSION
	Q. Please summarize your testimony.
	Q. Does this conclude your Rebuttal Testimony?
	A. Yes.
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