
Memo to Northfield Planning Commission and City Council 
November 23, 2010 
From Neighborhood Group opposed to Spring Creek Wind, LLC, Wind Turbine Project 
 
POSITION STATEMENT 
 
As you consider current and future land use planning and zoning, we believe that industrial wind 
turbines are incompatible in existing and developing residential areas for three primary reasons.  
(1) In the particular case of the Spring Creek Wind Turbine Project, the towers are being sited in an 
existing residential environment, which is also destined for further residential development as the 
City of Northfield expands to the southeast.  The proposed turbines are as high as a 40-story 
building and have a moving rotor expanse almost as wide as a football field.  They are simply not 
appropriate for a residential community.  (2) Appraisers, both locally and nationally, document 
that industrial wind turbines severely impact property values around them. This is a logical result 
of placing the turbines in incompatible zones.  (3) Finally, study after study reports serious 
negative health impacts from those living near industrial wind turbines.  There is, however, a 
win-win solution which balances the need for increased energy demands and the health and 
well-being of communities.   First, place the industrial turbines in compatible areas such as truly 
open spaces and industrial/commercial zones.  And, second, require appropriate setbacks that 
protect the health of citizens and the future growth and development of municipalities. 
 
Explanation of materials presented for your consideration: 
  
I. INFORMATION FROM LOCAL SOURCES (small binder) 
 
We have attached information from local sources regarding the issues of zoning incompatibility, 
property valuation, and health affects.  The voices in this binder are rooted in the community, 
rational in their presentations and committed to the long term health, development and growth of 
Northfield.  This material includes an extremely informative letter from Paul Smith, a local 
appraiser and realtor with vast experience in the real estate market in the Northfield area, as well as 
a letter from Joel Pumper, Dr. Gary Carlson and a memo to the Planning Commission regarding 
relevant city land use regulations. 
 
II. SUPPLEMENTARY RESOURCES (large binder) 
 
The large binder you are being given contains supplementary articles and testimony prepared or 
presented in other contexts, much of it in State of Minnesota proceedings.  Some of this material 
is highly scientific and technically challenging to read and understand.  However, we wanted to 
provide some context for these issues.  The bottom line is that these issues of zoning, 
compatibility, land valuations and health are simply not unique to Northfield.  The conversation 
that we are having is being carried out before numerous governmental and municipal bodies.  
This is not “NIMBY-ism” or “pseudo-science.”  In fact, the wind turbine conversation is being 
held in multiple back yards given the growth of the wind industry.  And, the scientific and health 
communities are playing a very important role in helping to shape and inform public policy. 
  
We appreciate your careful consideration of these materials and of this serious subject.   
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Footage from the Nearest Proposed Wind Turbines on Jacque and Dave 

Hubers Land to the houses of each neighbor.   

 

                        Joel and Jeanne Pumper 1452 feet 

                        Tom Small/ Deb Lessers 1584 feet 

                        David/Barbara Garlie 1452 

                        Greg/Nancy Carlson 2086 feet 

                        Gary/Mary Carlson  2263 feet 

                        Justin/Kristin Stets 2344 feet 

                        Dave and Jacque Hubers 984 feet 

 

















 



















 







 



Date: November 14, 2010 

To:   Northfield planning commission and city council 

From:   Gary Carlson, MD 

Re:   Adverse Health Effects from Wind Turbines. 

This is a summary of the PowerPoint presentation that accompanies this memo.  Please 
refer to the PowerPoint and slide description for details. 

 What are the health concerns related to wind turbines? 

 The health concerns are sleep disturbance, headache, dizziness, ringing in the ears, ear 
pressure, vertigo (spinning), nausea, visual blurring, tachycardia (fast heart rate), irritability, 
problems with concentration and memory, and panic episodes associated with sensations of 
internal pulsation or quivering, which arise while awake or asleep.  The most common 
problem is sleep disturbance.   

 Why does this happen? 

 Sound waves, both audible (20-20,000 Hz) and inaudible (0-20 Hz) produced by the turbines 
and the blades can be annoying as well as affect our internal ear gyroscopes which control 
our sense of motion, balance, and position (think getting carsick as a child).  People are 
especially affected at night when they are trying to sleep. 

 Who is most likely to be affected? 

 Young children, those over 50, those who are prone to carsickness or motion sickness, and 
anyone with a chronic medical disease are at higher risk.   

What percentage of people is affected? 

This number is not known but experts suspect that 15% of people living within a ½ to 1 mile 
radius could have their sleep affected.  Severe problems would be much less common. 

 Do wind turbine setbacks make any difference? 

Yes, this is the key point.  Our present setbacks are outdated.  Most are at 500-1000 feet 
from property lines or homes.  Placing them at least ½ mile (2640 feet) and preferably one 
mile (5280 feet) from people minimizes potential health issues. Municipalities should have a 
one mile setback. Many of the European countries, who are about 15 years ahead of us in 
experience with wind turbines, started with our present guidelines but have learned through 
experience that people get sick and complain when they live that close.  Their sound and 
setback guidelines now are consistent with the ½ to 1 mile setbacks argued for above. 

Does it make a difference how many wind turbines there are? 

One industrial size wind turbine can create significant problems though the more you have 
grouped together the higher likelihood you will have problems. 



 Aren’t the new turbines much quieter? 

There have been some improvements to dampen mechanical noise of the motors, gears, 
and generators, but you can't capture the wind with 280 foot diameter blades chopping 
through a 2-acre vertical air space without disturbing the air, i.e., generating audible and 
inaudible noise. 

Is there medical literature to support the above conclusions? 

Yes, see my PowerPoint presentation which documents respected physicians and scientists 
who support these conclusions.   Many of them presented at the First International 
Symposium on the Adverse Health Effects of Industrial Wind Turbines, October 29-31, 2010 
in Picton, Prince Edward County, Ontario, Canada. 

Are there any precedents for having longer setbacks? 

Goodhue County, MN, in response to a recent wind farm proposal now has a “10 rotor” 
setback which is 2475 feet.  Wabasha has a draft proposal that is similar but they also added 
2 mile setbacks from municipalities. Trempealeau County, near LaCrosse, WI, has setbacks 
that are at least a mile from the nearest home and a half-mile from neighboring property 
lines. 

What is the precautionary principle? 

If an action or policy has a suspected risk of causing harm to the public or to the 
environment, and there is sufficient controversy that the action or policy is harmful, then the 
burden of proof that it is not harmful falls on those taking the action.   

I believe the evidence I have presented is credible and supports a decision not to allow 
industrial size wind turbines on the southeast corner of Northfield. 

 

 



 



Adverse Health Effects from Wind Turbines

Gary Carlson MDGary Carlson, MD
Northfield, Minnesota

1



GoalGoal
 To provide sufficient evidence to prove To provide sufficient evidence to prove 

that allowing the Spring Creek Wind 
proposal would produce adverse healthproposal would produce adverse health 
effects on the residents living in the SE 
corner of Northfieldcorner of Northfield.
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Soccer fields
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1 mile radius

Middle School

1/2 mile radius

Turbines
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OutlineOutline
 Evidence 
 Science of wind turbines
Respected scientists, physicians speak p p y p

out
 Precedents
 Public uproar
 Precautionary principley p p
Conclusion 
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What is the evidence?What is the evidence?

Wind Industry Arguments

Health Concerns 
E i S i-Emerging Science 

-Precautionary Principle

-Public uproar
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Wind Turbines generate electricity 
b  l   l  f d but also a lot of sound waves
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Wind turbine sound is particularly annoying to people 
probably because of the combination of audible and 
inaudible sound composition (this graph is dBA so it essentially ignores 
the low frequency sounds)

Pedersen E, Wave KP.  J Acoustic Soc Am. 2004 Dec;116(6):3460-70.
Perception and annoyance due to wind turbine noise--a dose-response relationship.
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Picture showing sound frequencies

Presentation given by Dr. Alec Salt, PhD at the First International Symposium THE GLOBAL WIND INDUSTRY AND ADVERSE
HEALTH EFFECTS Picton, Ontario, October 29-31, 20108



This graph shows how much noise a 
turbine similar to the Spring Creekturbine similar to the Spring Creek 
turbine will produce

(blue band, 
red print and 
green arrows 

dd d)added)

ACOUSTIC STUDY OF THE COMMUNITY WIND PROJECT FOR ONE V90 TURBINE WELLFLEET, 
MASSACHUSETTS, Tech Environmental, 3/2010
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Wind turbines produce a lot of infrasoundp

Presentation given by Dr. Alec Salt, PhD at the First International Symposium THE GLOBAL WIND INDUSTRY AND ADVERSE
HEALTH EFFECTS Picton, Ontario, October 29-31, 201010



C th dibl d i diblCan the audible and inaudible 
sound from turbines cause adverse 
health effects?
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Can the sound from turbines, 
audible and inaudible, cause 
adverse health effects?adverse health effects?

Th i i d The emerging science says yes and many 
respected scientists and physicians are 

ti l i f bi tb k hilactively urging for bigger setbacks while 
more research is being done.
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Some of the Scientists, Physicians, 
d i ti h tand organizations who urge greater 

setbacks from industrial turbines

 Alec N. Salt, Ph.D. (1.25 miles)( )
Richard James, INCE (1 mile)
Dr Christopher Hanning MD ( 9 mile)Dr. Christopher Hanning, MD (.9 mile)
Dr. Michael Nissenabum, MD 

D Ni Pi t MD (1 25 il )Dr. Nina Pierpont, MD, (1.25 miles)
Dr. R.Y. McMurtry, MD FRCSC FACS 
 French Academy of Medicine (.9 mile)
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Alec N. Salt, Ph.D.
CredentialsCredentials

 Department of Otolaryngology Washington Department of Otolaryngology, Washington 
University School of Medicine St. Louis, 
Missouri, 63110, USA

 Most recent publication: Responses of the 
Ear to Low Frequency Sounds, Infrasound 
and Wind Turbines Hearing Research 268and Wind Turbines, Hearing Research, 268 
(2010), 12-21

 Has published >110 articles about the earHas published >110 articles about the ear, 
most of them in peer reviewed journals 

http://oto2.wustl.edu/cochlea/resp.htm
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Alec N. Salt, Ph.D.,

 For years, people have been told that infrasound you y , p p y
cannot hear cannot affect you. This is completely 
wrong.  As the inner ear does respond to infrasound 
at levels that are not heard, people living near wind 
t bi b i t t i k b i f d ff tturbines are being put at risk by infrasound effects on 
the body that no one presently understands.  Until a 
scientific understanding of this issue is 
established we should not dismiss these effectsestablished we should not dismiss these effects, 
but need to err on the side of caution.  For 
industrial turbines a cautious approach. . . could 
require setbacks of at least 2 kilometers ( 1 ¼ miles).q ( )

Presentation given by Dr. Alec Salt, PhD at the First International 
Symposium on the global wind industry and adverse health effects,  
Picton, Ontario, October 29-31, 201015



Richard James, INCE
CredentialsCredentials

 Richard R. James, INCE (Institute of Noise Control , (
Engineer) is considered a national expert on noise 
control. He has a background in mechanical 
engineering and has been actively involved in the field 
f i t l i 1971 H h t tifi d iof noise control since 1971.  He has testified in over 

15 Occupational Safety and Health Administration 
hearings as an expert for companies like GM, Ford, 
and Chryslerand Chrysler. 

 Since 2006, he has been involved with noise and 
health issues related to industrial wind turbines.  He 
has testified at approximately 10-12 administrativehas testified at approximately 10 12 administrative 
hearings relating to wind power applications.  His 
work includes developing siting criteria for local 
governments, conducting acoustical tests at wind g g
turbine sites, and providing presentations and 
testimony. 16



Richard James INCERichard James, INCE

p 2 “People li ing at distances p to one mile p. 2 “People living at distances up to one mile 
or further from wind turbines are experiencing 
adverse health effects from sleep disturbanceadverse health effects from sleep disturbance 
at night and from other aspects of wind 
turbine sound emissions that are currently y
believed to be caused by vestibular 
disturbances from infra and low frequency 

d”sound”. 
-Testimony to the Minnesota Public Utilities   

Commission July 2010Commission, July, 2010.
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Dr. Christopher Hanning, BSc, MB, 
BS MRCS LRCP FRCA MDBS, MRCS, LRCP, FRCA, MD

Credentials
 Honorary Consultant in Sleep Disorders Medicine to the 

University Hospitals of Leicester NHS Trust, UK. 
 Retired in September 2007 as Consultant in Sleep Retired in September 2007 as Consultant in Sleep 

Disorders Medicine. 
 After initial training in anesthesia, he developed an 

interest in Sleep Medicine. He founded and ran the 
L i t Sl Di d S i f th l tLeicester Sleep Disorders Service, one of the longest 
standing and largest services in the UK. 

 He was a founder member and President of the British 
Sleep SocietySleep Society. 

 His expertise in this field has been accepted by the civil, 
criminal and family courts. He chairs the Advisory panel 
of the SOMNIA study, a major project investigating sleep 

lit i th ld l d it Ad i l fquality in the elderly, and sits on Advisory panels for 
several companies with interests in sleep medicine.
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Dr Christopher Hanning BSc MBDr. Christopher Hanning, BSc, MB, 
BS, MRCS, LRCP, FRCA, MD 

 “A setback distance of at least 1.5km is necessary to 
ensure, with a reasonable degree of confidence, that 
the wind turbine noise will not disturb the sleep ofthe wind turbine noise will not disturb the sleep of 
those living in proximity to the proposed Swinford 
development. p22

 “Calculations can not measure annoyance and sleep Calculations can not measure annoyance and sleep 
disturbance, only humans can do so”. p22

 “In my expert opinion, from my knowledge of sleep 
physiology and a review of the available research Iphysiology and a review of the available research, I 
have no doubt that wind turbine noise emissions 
cause sleep disturbance and ill health”. p17

Sleep Disturbance and Wind Turbine Noise,
On behalf of SSWFAG, Leicestershire, England, June, 

2009 
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Michael Nissenbaum, MD
Credentials

 Dr Michael A Nissenbaum received his Dr. Michael A. Nissenbaum received his 
undergraduate education at McGill University in 
Montreal and completed medical school at the 
University of Toronto He specialized in diagnosticUniversity of Toronto. He specialized in diagnostic 
imaging and completed his residency at McGill 
University. He received a Fellowship from the 
University of California.y

 Currently, Dr. Nissenbaum is certified by the Royal 
College of Physicians of Canada, and American 
Board of Radiology. He is a radiologist at the Northern 
M i M di l C t F t K t M iMaine Medical Center, Fort Kent, Maine. 

 Previous positions include Junior Faculty at Harvard 
University and Associate Director of MRI at a major 
H d t hi h it lHarvard teaching hospital.
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Michael Nissenbaum MDMichael Nissenbaum, MD
 In my investigation of Mars Hill, Maine, 22 out of 

about 30 adults (‘exposed’) who live within 3500 feetabout 30 adults ( exposed ) who live within 3500 feet 
of a ridgeline arrangement of 28 1.5 MW wind 
turbines were evaluated to date, and compared with 
27 people of otherwise similar age and occupation p p g p
living about 3 miles away (Not Exposed).  

 Here is what was found:  82% (18/22) of exposed 
subjects reported new or worsened chronic sleep 
d i i 4% (1 ) i h ddeprivation, versus 4% (1 person) in the non-exposed 
group. 41% of exposed people reported new chronic 
headaches vs. 4% in the control group.  59% (13/22) 
of the exposed reported ‘stress’ versus none in theof the exposed reported stress  versus none in the 
control group, and 77% (17/22) persistent anger 
versus none in the people living 3 miles away.
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Dr. Nina Pierpont, MD, PhD
C d ti lCredentials

 B.A. biology Yale, 1977gy
 Ph.D., behavioral ecology Princeton, 1985
 Post-doctoral fellow ornithology American Museum of 

Natural History New YorkNatural History, New York
 M.D., Johns Hopkins University School of Medicine, 

1991
 Internship and Pediatric Residency, Children’s 

National Medical Center, Washington, D.C., residency 
at Dartmouth Hitchcock Medical Center, Lebanon, NH

 Author of the book Wind Turbine Syndrome, 
published 2009
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Dr Nina Pierpont MD PhDDr. Nina Pierpont, MD, PhD

 “Keep wind turbines at least 2 km (1.25 
miles) away on the flat, and 3.2 km (2 
miles) in mountains.  These are the 
minimum distances”. p254

23



R.Y. McMurtry MD FRCSC FACS 
Credentials

 Former Dean of Medicine for the University ofFormer Dean of Medicine for the University of 
Western Ontario.

 Member of the Health Council of Canada for 3½ years 
and a member and special advisor to the Royal 
Commission under Roy Romanow on the future ofCommission under Roy Romanow on the future of 
health care in Canada.

 Visiting Cameron Chair to Health Canada for 
providing policy advice to the Minister and Deputyproviding policy advice to the Minister and Deputy 
Minister of Health. 

 Founding and Associate Deputy Minister of 
Population & Public Health, Canada. 
S h N i l S i C i Cli Sat on the National Steering Committee on Climate 
Change and Health Assessment.

 Presently Professor (Emeritus) of Surgery, University 
of Western Ontarioof Western Ontario.
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R Y McMurtry MD FRCSC FACSR.Y. McMurtry MD FRCSC FACS 

“When uncertainty exists and the health and well When uncertainty exists and the health and well-
being of people are potentially at risk, assuredly it is 
appropriate to invoke the precautionary principle. pp p p y p p
Until and unless there are authoritative guidelines in 
place based on the best available evidence the 
P i f O t i ht t t d ith thProvince of Ontario ought not to proceed with the 
development of Industrial Wind Turbines any further.” 

Deputation to the standing committee on general government regarding Bill C150 April 2009
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French Academy of MedicineFrench Academy of Medicine

“While waiting for precise studies of the risks “While waiting for precise studies of the risks 
connected with these installations, the 
Academy recommend halting wind turbineAcademy recommend halting wind turbine 
construction closer than 1.5 km from 
residences.”  20 March 2006 

http://ventdubocage.net/documentsoriginaux/sante/eoliennes.pdf
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Precedents for longer setbacksPrecedents for longer setbacks
 Europe
 UK Noise Association – 2006 states, “It would be 

prudent that no wind turbine should be sited closer 
than 1 mile (1600 meters) from the nearestthan 1 mile (1600 meters) from the nearest 
dwellings”

 Scottish Planning Policy SPP6 (2007)… confirms 
th t d l t t 2 k (1 25 il ) i lik l tthat development up to 2 km (1.25 miles) is likely to 
be a prominent feature in an open landscape. The 
Scottish Ministers would support this as a 
separation distance between turbines and the edge 
of cities, towns and villages … 

http://windconcernsontario.wordpress.com/2009/08/31/improvements-to-wind-setbacks-in-europe/27



Precedents for longer setbacksPrecedents for longer setbacks
 Europe
 Germany in quiet regions 3281 4921 feet Germany in quiet regions—3281-4921 feet
 Italy, 
 Molise region: 20x turbine height urban (8200 

feet)feet)
 Campania region: 10x turbine height urban 

regions (4100 feet)
 Spain Valencia 3281 feet from any piece of land Spain, Valencia, 3281 feet from any piece of land 

that can be built on
 Northern Ireland: 10x rotor diameter (2800 feet)
 Denmark 6x it’s height (2460 feet) or compensation Denmark 6x it s height (2460 feet) or compensation 

required to affected property owners
(410 ft height and 280 feet rotor diameter used as these are the 
specifications of the proposed turbine)

http://www.wind-watch.org/documents/european-setbacks-minimum-distance-between-wind-turbines-and-habitations/
28



Precedents for longer setbacksPrecedents for longer setbacks
 Local and regional
 Goodhue County, MN, 2800 feet 
 Wabasha has a draft proposal on the table similar 

to Goodhue’s but also requires 2 mile setbacks from 
ttowns

 Trempealeau County, WI, one mile from nearest 
home and a half-mile from neighboring property 
lineslines 

 Jackson, Maine, 1 mile
 Meredith, New York 3000 feet

O t Cit MI 2600 f t f l t li Ostego City, MI 2600 feet from lot line

(410 ft height and 280 feet rotor diameter used as these are the specifications of the                    
d t bi )proposed turbine)

http://betterplan.squarespace.com/links-to-documents-supporting/29



Public Uproar
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Public UproarPublic Uproar

 15+ lawsuits including some large class action 15+ lawsuits including some large class action 
suits in the US over the last few years alleging 
adverse health effects from the turbines.  (See (
Appendix B)
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Public UproarPublic Uproar
 Windaction org has 170 organizations mainly Windaction.org has 170 organizations mainly 

from the US and Europe raising concerns 
about wind turbines/wind farm placement

 The European Platform Against Wind farms 
currently has 319 organizations from 18 
nations opposing wind farms To quote fromnations opposing wind farms. To quote from 
their web page: “Hundreds of associations, 
local initiatives and other groups are totally 
dissatisfied with wind farms.”
(See Appendix C)
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In Summary
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Wind Industry ArgumentsWind Industry Arguments

1 The bod of acc m lated kno ledge pro ides1. The body of accumulated knowledge provides 
no evidence that the audible or subaudible 
sounds emitted by wind turbines have anysounds emitted by wind turbines have any 
direct adverse physiological effects.
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ReplyReply
1. “There is no medical doubt that audible noise 

that is emitted by modern upwind turbines sited 
close to human residences causes significant 
adverse health effects These effects areadverse health effects.  These effects are 
mediated through sleep disturbance, 
physiological stress and psychological distress.  
This is settled medical science.”

An Analysis of the American/Canadian Wind EnergyAn Analysis of the American/Canadian Wind Energy 
Association sponsored “Wind Turbine Sound and Health 
Effects an Expert Panel Review, December 2009”
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Wind Industry ArgumentsWind Industry Arguments

2.  If you do get sick it is probably because of the 
nocebo effect, i.e. you believe you are going to 
get sick therefore you doget sick therefore you do.
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ReplyReply

2 f f2.  Relegating all of the public uproar, thousands of 
anecdotal health complaints, and people 
abandoning their houses to the nocebo effectabandoning their houses to the nocebo effect 
(i.e. saying the problem is all in their head) 
defies reason.
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Could this all be the Nocebo effect?Could this all be the Nocebo effect?
 “My neighbors & I are requesting a private member’s bill 

in the Ontario legislature, asking for fair compensation for 
our now unlivable homes because of Ontario government 
policies which allowed AIM Power Gen/IPC to erect the 
18 Vestas 1.65 MW industrial wind turbines (IWT’s) in the 
Clear Creek/Cultus/Frogmore IWT ZONE, all jammed 
within a 3 km radius surrounding our homes.  Since 
November 2008, we have been suffering ill health from 
the vibrations emanating from the 18 IWT’s. 
Approximately 12 homes have been abandoned within pp y
this 3 km radius, about 9 houses are vacant/for sale, 
about 8 houses are occupied/for sale, and approximately 
8 houses are only used sporadically on weekends”y p y

•—Stephana Johnston, Clear Creek, Ontario (10/22/10)
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Wind Industry ArgumentsWind Industry Arguments

3.  What you can’t hear can’t hurt you.
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ReplyReply

3 Thi i h b f l3.  This premise has been proven false.

Salt AN, Hullar TE. Responses of the Ear to Low Frequency Sounds, 

Infrasound and Wind Turbines. Hearing Research, 268 (2010), 12-21

Todd Neil P, Rosengren SM, Colebatch JG.  Tuning and sensitivity of  
the human vestibular system to low-frequency vibration.     
Neuroscience Letters, 444 (2008) 36-41
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Minnesota RulesMinnesota Rules
 Rule #7030 requires the preservation of 

h h lth d lf i t b ihuman health and welfare against obnoxious 
and noxious noise pollution

 There is now an open docket 09-845 at the There is now an open docket 09-845 at the 
Minnesota Public Utilities Commission 
regarding wind turbines and health issues.  
This means they understand there is 
legitimate scientific controversy about proper 
turbine setbacks and want to gather moreturbine setbacks and want to gather more 
information to decide if they need to be 
changed or not .  
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Precautionary PrinciplePrecautionary Principle

 If an action or policy has a suspected risk of If an action or policy has a suspected risk of 
causing harm to the public or to the 
environment, and there is sufficient ,
controversy that the action or policy is 
harmful, then the burden of proof that it is 
not harmful falls on those taking the action.

42



The evidence is inThe evidence is in

 Members of the Northfield planning 
commission and city council; I believe that I 
have presented you with enough compellinghave presented you with enough compelling 
medical evidence to vote to keep industrial 
wind turbines from being erected on thewind turbines from being erected on the 
southeast corner of Northfield.  
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Slide descriptions 
 
Slide 1—Title slide 
 
Slide 2—Goal  
 
Slide 3—Map of SE corner of Northfield.  Proposed closest turbine is about ½ mile to the 
city limits.  When the city limits grow to 110th St in the next few years, the turbine will be 
1/3 mile to nearest houses. 
 
Slide 4—Outline  
 
Slide 5—What is the evidence? 
 
Slide 6—Wind turbines generate a lot of sound waves. 
 
Slide 7— The significance of this chart is that there is something about wind turbine 
noise which is especially annoying to people. The bottom part of the graph is audible 
sound in decibels.  The y-axis shows what percent of people are annoyed and what level 
of loudness it takes to annoy people.    At 40 decibels of wind sound 35% of people are 
annoyed but if that sound is produced by aircraft, road traffic, or railways no one 
complains.  This is probably because this graph does not include the infrasonic sounds, 
and even though you cannot hear them, they somehow combine with the audible sound 
to cause people to complain. 
 
Slide 8—This slide is meant to help you understand sound.  Everyone understands that 
there are low notes and high notes on the piano.  The lowest key on the piano is at 27.5 
Hz.  The highest key is 4186 hertz.  Most sound that we “hear” is between 20 and 
10,000 Hz.  The sound below 20 Hz is very low and cannot be heard by the “hearing” 
part of the ear but it is now known to register in the “balance” part of the ear. 
 
Slide 9—This is a graph of how much “noise” is generated by a wind turbine.  It was 
submitted by the wind company for a project in Massachusetts.   If you look at this graph 
you see the frequencies along the bottom from 0 up to about 12,000.  Notice how much 
high decibel infrasound and low frequency sound is produced when the wind is blowing. 
 
Slide 10—Focus on the yellowed out area labeled Infrasound.  This slide shows that 
most of the new bigger turbines put out a lot of infrasound, somewhere between 60-107 
decibels.  The wind industry wants you to believe that that since you can’t hear this 
sound it can’t hurt you but that is not true. 
 
Slide 11—Can the audible and inaudible sound from turbines cause adverse health 
effects? 
 
Slide 12—Yes  
 
Slide 13—These are highly respected physicians and scientists. 
 
Slide 14—If there is one scientist that I look to as an expert in how sound affects the ear 
it is Dr. Salt.  His credentials are impeccable.  His publication recently of the Responses 



of the Ear to Low Frequency Sounds, Infrasound and Wind Turbines has been the most 
downloaded article from Hearing Research in the last month. This work is ground 
breaking and I believe will lead the way to understanding why wind turbines can cause 
adverse health effects.  You can go to his website that is listed and look at his 
accomplishments.  Incidentally, he is not beholden to the wind association or any other 
group.  His most recent paper was sponsored by the National Institute of Health. 
 
Slide 15—This is one of Dr. Salt’s summary slides from the First International 
Symposium on the Global Wind Industry and Adverse Health Effects held about 3 weeks 
ago. 
 
Slide 16—Mr. James is Dr. Salt’s counterpart in the noise consultant industry.  His 
credentials are impeccable.   
 
Slide 17—Mr. James’ testimony to the Minnesota Public Utilities Commission last 
summer, when read, is a primer on how wind turbines should be sited, i.e. one mile 
away from residences. 
 
Slide 18—Dr. Hanning is a sleep disorder specialist from England who was one of the 
first to write within his specialty about the sleep disturbances caused by industrial size 
wind turbines. 
 
Slide 19—Dr. Hanning’s opinions. 
 
Slide 20—Dr. Nissenbaum’s bio includes teaching at Harvard. 
 
Slide 21—The Mars Hill study is about to be published.  It is the first study to definitively 
show that people living close to wind turbines (in his study up to 3500 feet) report new or 
worsened chronic sleep deprivation.  Peer reviewed studies do show that sleep 
deprivation does lead to adverse health effects. 
 
Slide 22—Dr. Pierpont has been much maligned by the wind industry, I suspect because 
what she has written about is so threatening to them.  Her book is scientific and concise.  
The only legitimate complaint leveled against her is that her study size was small. I urge 
you to read the book and form your own opinion.  I have extra copies if you would like to 
borrow it. 
 
Slide 23—Dr. Pierpont’s recommendations for setbacks. 
 
Slide 24—Dr. McMurtry is a very distinguished physician in Canada.  He is leading the 
charge in Canada to slow down wind turbine construction until more studies have been 
done on the health effects. 
 
Slide 25—Dr. McMurtry’s opinion. 
 
Slide 26—French Academy of Medicine.  One of the most distinguished medical 
organizations in France. 
 
Slide 27—UK and Scottish recommendations for municipality setbacks. 
 



Slide 28—More European setbacks.  They started with our shorter setbacks in the 
1990’s and lengthened them out as they gained experience and listened to people’s 
complaints. 
 
Slide 29—Goodhue County had Mr. Richard James come in as a consultant and used 
that information to make better informed setback provisions. 
 
Slide 30—Public uproar.  If there are no problems with health effects from these turbines 
why are there so many people complaining about them? 
 
Slide 31—Lawsuits that I found in two hours of internet searching. 
 
Slide 32—Grassroots organizations have formed quickly to gather information and help 
local citizens understand the pros and cons of these wind turbines. 
 
Slide 33—Summary 
 
Slide 34—Wind industry argument #1.  The wind industry has an 85 page document 
explaining their position.  It was funded by the Canadian and American Wind Industry. 
 
Slide 35—Reply.   
 
Slide 36—Wind industry argument #2. 
 
Slide 37—Reply 
 
Slide 38—I am not sure how the wind industry can explain this situation. 
 
Slide 39—Wind industry argument #3. 
 
Slide 40—Reply. 
 
Slide 41—Minnesota Rule #7030.  The Minnesota Public Utilities Commission is aware 
of the large amount of public outcry and is gathering information so they update their 
present turbine setbacks. 
 
Slide 42—Therefore the benefit of the doubt should go to the public.  An ounce of 
prevention is worth a pound of cure. 
 
Slide 43—Summary slide. 
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Appendix B 
 

Lawsuits related to health effects of wind turbines 
 
 
 
Illinois 
 Bloomington--http://www.pantagraph.com/news/article_be503572-ce4e-5975-
b4a0-19d651707254.html 
 Carlock--http://www.pjstar.com/news/x544081679/Group-opposed-to-wind-farm-
near-Carlock-to-get-day-in-court 
 Dekalb--http://chicagobreakingbusiness.com/2010/06/dekalb-county-wind-farm-
lawsuit-moves-forward.html 
 Rockford--http://www.wind-watch.org/news/2010/11/08/lawsuit-has-plans-for-
winnebago-county-wind-farm-on-hold/ 
 Libertyville, http://www.windaction.org/news/21827 
 
Maine 
 Mars Hill-
http://www.mpbn.net/Home/tabid/36/ctl/ViewItem/mid/3478/ItemId/8549/Default.aspx 

Lincoln, http://www.wcsh6.com/news/local/story.aspx?storyid=129339&catid=2 
 

Massachusetts 
 Hancock http://www.wind-watch.org/news/2009/11/03/state-presses-wind-
projects-bill-aims-to-ease-gridlock-around-appeals-process/ 
 
Michigan 
 Huron Count-- http://winonadailynews.com/news/local/article_21a789a6-1d13-
11df-b931-001cc4c002e0.html 
 
New York  
 Cohocton--
http://www.livinginnewyork.org/wind_farm_development_lawsuits_directed_at_town_of_
cohocton 
 
Pennsylvania 
 Altoona 
http://www.altoonamirror.com/page/content.detail/id/530477.html?nav=742 
 
Texas 
 Abilene http://www.time.com/time/nation/article/0,8599,1566733,00.html 
 
 
Wisconsin 
 Tomah http://www.tomahjournal.com/articles/2007/07/06/news/01news.txt 
 Trempaleaus county http://winonadailynews.com/news/local/article_21a789a6-
1d13-11df-b931-001cc4c002e0.html 
 Leroy--
http://www.healthywindwisconsin.com/Oakfield%20family's%20lawsuit%20could%20affe
ct%20the%20future%20of%20wind%20farms.pdf 



 
France 
 Ménez, Quelec’h and Saint-Gildas,  http://aeinews.org/archives/618, court 
ordered turbines shut down from 10 pm to 7 am 
 
Canada 
 Midwestern Ontario http://www.wind-watch.org/news/2010/06/09/wind-turbine-
lawsuit-set/  
 Nova Scotia http://www.wind-watch.org/news/2010/08/05/blow-job/ 
 Amherstburg http://www.windaction.org/news/27571 
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Links to Organizations & Individuals 

 A Place To Help (Minnesota)  
 Acoustic Ecology Institute (New Mexico)  
 Adams County Wind (Illinois)  
 Advocates for Stark (New York)  
 Allegheny Treasures (West Virginia)  
 Alliance for Bovina (New York)  
 Alliance to Protect Prince Edward County (Canada)  
 Alliance to Protect Prince Edward County (Canada)  
 Amherst Island Wind Information  
 Back Bay Wind Group (Massachusetts)  
 Basin and Range Watch (Nevada)  
 Better Plan, Rock County (Wisconsin)  
 Blowing Our Tax Dollars on Wind Farms (Canada)  
 Blue Highlands Citizens Coalition (Canada)  
 Blue Mountain Alliance (Oregon)  
 Brown County Citizens for Responsible Wind Energy (Wisconsin)  
 Bucks Lacks Enough Wind (UK)  
 Caithness Windfarm Information Forum (UK)  
 Carsington & Hopton Action Group  
 Cefn Croes (UK)  
 Chatham-Kent Wind Action Group (Canada)  
 Chautauqua Wind Power (New York)  
 Citizen Power Alliance (New York)  
 Citizens for Responsible Energy Development (New York)  
 Citizens for Responsible Wind Power (West Virginia)  
 Citizens for the Protection of Libertyville (Illinois)  
 Citizens' Task Force on Wind Power - Maine (Maine)  
 Clear Skies Over Orangeville (New York)  
 Clinton County Wind Watch (Michigan)  
 Coalition for Wisconsin Environmental Stewardship (Wisconsin)  
 Coalition of Residents-Tiny (Canada)  
 Coalition to Protect Amherst Island (Canada)  
 Coastal Habitat Alliance (Texas)  
 Cohocton Wind Watch (New York)  
 Concerned Citizens to Save Roxbury (Maine)  
 Concerned Neighbors of Back Bay (Massachusetts)  
 Concerned Residents of Hammond (CROH) (New York)  
 Counter Cape Wind (Massachusetts)  
 Country Guardian (UK)  
 County Coalition for Safe and Appropriate Green Energy (CCSAGE) (Canada)  
 Cross Timbers Landowners Conservancy (CTLC) (Texas)  
 Dacotah Windfarm Opposition Group (Canada)  
 Dart (Dorset Against Rural Turbines) (UK)  
 Dean Hill Preservation (Massachusetts)  



 Den Brook Valley Wind Turbine Action Group (UK)  
 Dixmont Wind (Maine)  
 Dr. Nina Pierpont md, phd (USA)  
 East Idaho Residents for Responsible Wind Development (Idaho)  
 Eastham Wind Truth (Massachusetts)  
 Ellis County Environmental Awareness Coalition (Kansas)  
 Energize Vermont (Vermont)  
 Energy Plan USA (USA) (Nevada)  
 Environmentally Concerned Citizens Organization (ECCO) (New York)  
 EOLIENNES-INFOS.COM (Canada)  
 Essex County Wind Action Group (Canada)  
 European Platform Against Windfarms (Europe)  
 Fenland Landscape Against Turbines (UK)  
 Fort Kent, Maine (Maine)  
 Fox Islands Wind Neighbors (Maine)  
 Friends of Ashe County (North Carolina)  
 Friends of Beautiful Pendleton County (West Virginia)  
 Friends of Lincoln Lakes (Maine)  
 Friends of Lāna‘i (Hawaii)  
 Friends of Mission Creek (Montana)  
 Friends of the Allegheny Front (West Virginia)  
 Friends of the Grande Ronde Valley (Oregon)  
 Friends of the Highland Mountains (Maine)  
 Galloway Landscape And Renewable Energy (GLARE) (UK)  
 Glebe Mountain Group (Vermont)  
 Goodhue Wind Truth (Minnesota)  
 Green Berkshires (Massachusetts)  
 Highlanders for Responsible Development (West Virginia)  
 Horicon Marsh Systems Advocates (Wisconsin)  
 Iberica 2000.org (Europe)  
 Informed Farmers Coalition (Illinois)  
 Innisfil Wind Watchers  
 Ira Wind (Vermont)  
 Jackson Wind Project (Maine)  
 Kansas Wind Alert (Kansas)  
 Keepers of the Blue Ridge (North Carolina)  
 Know Wind (Michigan)  
 Lake Michigan P.O.W.E.R Coalition (Michigan)  
 Laurel Mountain Preservation Association (West Virginia)  
 Lee-DeKalb Wind Farms: No Wind Turbines (Illinois)  
 Lower Laguna Madre Foundation (Texas)  
 Master Resource (USA)  
 MD Industrial Wind Energy Watchdog (Maryland)  
 Meredith Defense Fund (New York)  
 Middlesex Wind Action Group (Canada)  
 Moorland Without Turbines (UK)  
 Mountain Communities for Responsible Energy (West Virginia)  
 Mountain Preservation Association (Virginia)  
 New Mexico Citizens Alliance for Responsible Energy and Sustainability (New 

Mexico)  
 No Brimfield Wind (Massachusetts)  



 No Lee-DeKalb Windfarms (Illinois)  
 Northern Laramie Range Alliance (Wyoming)  
 Open Water (Michigan)  
 People's Task Force on Wind Power (Maine)  
 Prattsburg/Italy Wind Turbine Information (New York)  
 Preserve Malpeque (Canada) (Canada)  
 Preserve Our San Saba Environment (Texas)  
 Preserve Pauatahanui Society (Australia / New Zealand)  
 Protect Carsington & Hopton (UK)  
 Protect Illinois' Environment (Illinois)  
 Protect Our West Texas Landscape (Texas)  
 Protect Pendleton (West Virginia)  
 Protect the Flint Hills (Kansas)  
 Residents Opposed to Kittitas Turbines (ROKT) (Washington)  
 Resite Now (Indiana)  
 Ridge Protectors (Vermont)  
 Save Coteau Praire Landscape (North Dakota)  
 Save Jones Beach (New York)  
 SAVE Montague (Michigan)  
 Save North Devon (UK)  
 Save Our Allegheny Ridges (Pennsylvania)  
 Save Our Common Mountain Environment (SOCME) (UK)  
 Save Our Scenic Area (SOSA) (Washington)  
 Save Our Scenic Hill Country Environment (Texas)  
 Save Our Seashore (Massachusetts)  
 Save Our Sound (Massachusetts)  
 Save Our Unspoilt Landscape (S.O.U.L) (UK)  
 Save Our Valley (Nevada)  
 Save Sauquoit Valley Views (New York)  
 Save Scenic Jefferson Valley Coalition (Montana)  
 Save St. Lucie Alliance (Florida)  
 Save Vermont Ridgelines (Vermont)  
 Save Western NY (New York)  
 Save Western Ohio (Ohio)  
 Schoharie Valley Watch (New York)  
 Sensible Wind Solutions (Pennsylvania)  
 Somerset Coalition for Ridgetop Protection (SCARP) (Pennsylvania)  
 Spa Country Landscape Guardians (Australia / New Zealand)  
 Stop Dorenell Wind Farm (UK)  
 Stop Ill Wind (Maryland)  
 Stop Swinford Wind Farm Action Group (UK)  
 Stop the Alnwick and Berwick Turbines (UK)  
 Stop Turbines on Peter's Mountain (Pennsylvania)  
 Stop Wadlow Wind Farm (UK)  
 Stop Wind Turbines (Texas)  
 Texas Wind Resistance (Texas)  
 The Country Guardian (UK)  
 The Society for Wind Vigilance (USA) (Canada)  
 The Society for Wind Vigilance (Canada)  
 Thumb Power, Huron County (Michigan)  
 Union Neighbors United (Ohio)  



 Upland Landscape Protection (Australia / New Zealand)  
 Ventdubocage (wind of the bocage) France (Europe)  
 Views of Scotland (UK)  
 Virginia Wind (Virginia)  
 Volksinitiative Brandenburg (Germany)  
 VORTEX Wind Farm Action Group (UK)  
 We Oppose Windfarms (New York)  
 Western Catskill Preservation Alliance (New York)  
 Wind Concerns Ontario (Canada)  
 Wind Facts (Canada)  
 Wind Farm Realities  
 Wind Power Ethics Group (New York)  
 Wind Stop (Massachusetts)  
 Wind Truth Alliance (Ohio)  
 Wind Turbine Testimonies from Michigan's Thumb (Michigan)  
 Windbyte (UK)  
 WINDCOWS: Wisconsin Independent Citizens Opposing Windturbine Sites 

(Wisconsin)  
 Windtoons (West Virginia)  
 Wolds WindFarm Opposition (UK)  
 Wolfe Island Residents for the Environment (WIRE) (Canada) 

http://www.windaction.org/orglist 
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WIND TURBINE IMPACT STUDY 

DODGE & FOND DU LAC COUNTIES – WISCONSIN 

Preliminary Draft - September 2009 

 

This is a study of the impact that wind turbines 

have on residential property value.   The wind 

turbines that are the focus of this study are the 

larger turbines being approximately 389ft tall 

and producing 1.0+ megawatts each, similar to 

the one pictured to the right.   

The study has been broken into three 

component parts, each looking at the value 

impact of the wind turbines from a different 

perspective.  The three parts are:  (1) a 

literature study, which reviews and summarizes 

what has been published on this matter found 

in the general media; (2) an opinion survey, 

which was given to area Realtors to learn their 

opinions on the impact of wind turbines in 

their area; and, 3) sales studies, which 

compared vacant residential lot sales within the wind turbine farm area to comparable sales 

located outside of the turbine influence.   

 The sponsor for this study was the Calumet County Citizens for Responsible Energy 

(CCCRE) (Calumet County, Wisconsin), which contracted our firm, Appraisal Group One, to 

research the value impact that wind turbines have on property value.   Appraisal Group One 

(AGO) protected against outside influence from CCCRE by having complete independence to 

the gathering of facts, data and other related material and the interpretation of this data to the 

purpose of this study.  AGO chose the location of the study, the search parameters, the 

methodology used and the three-step approach to the study.   AGO does not enter into any 

contract that would espouse any preconceived notion or have a bias as to the direction of the 

study and its findings.   The purpose of the study was to investigate the value impacts of large 

wind turbines, the issues influencing these impacts and to report these findings on an impartial 

basis.     

 AGO is an appraisal company specializing in forensic appraisal, eminent domain, 

stigmatized properties and valuation research.   This company is located in Oshkosh, Wisconsin, 
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and provides appraisal services throughout the State of Wisconsin.   In addition, AGO provides 

forensic appraisal services, valuation consulting and research outside of the state.  Recent 

projects were completed in Ohio, Indiana, Illinois and Michigan.    

 The geographic area of this study was focused in Dodge and Fond du Lac Counties.   

These two counties have three large wind farms.   They are: 

WE Energies - Blue Sky Green Field wind farm which has approximately 88 wind turbines and is 

located in the northeast section of Fond du Lac County, bordering Calumet County to the north.   

Invenergy - Forward wind farm which has approximately 86 wind turbines and is located in 

southwest Fond du Lac County and northeast Dodge County.   

Alliant - Cedar Ridge wind farm which has approximately 41 wind turbines and is located in the 

southeastern part of Fond du Lac County.  

Of these three wind farms, only the WE Energies and Invenergy wind farms were used in the 

sales study since the Alliant – Cedar Ridge wind farm did not have enough viable sales within 

the turbine influence area to use as a base of comparison.   The Realtor survey was limited to 

Fond du Lac and Dodge Counties, that being the area which had the three wind farms.   The 

literature study was not limited geographically.   

 The balance of this report follows this introduction.   The conclusions drawn at the end 

of each section are based on the data we collected and analyzed and are the sole possession of 

Appraisal Group One. 

 

      Submitted on September 9th, 2009, by: 

      Kurt C. Kielisch, ASA, IFAS, SR/WA, R/W-AC 

      President/ Senior Appraiser 

      Appraisal Group One 

      www.forensic-appraisal.com 
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WIND TURBINE IMPACT – REALTOR SURVEY  

 

 The purpose of the Realtor survey was to learn from the people who are on the first tier 

of the buying and selling of real estate what they thought of wind turbines and their impact to 

residential property value.   This survey was designed to measure what type of impact (positive, 

negative or no impact) that wind turbines have on vacant residential land and improved 

property.   The questions were designed to measure three different visual field proximity 

situations to wind turbines.   These three were bordering proximity (defined as 600ft from the 

turbine), close proximity (defined as 1,000ft from the turbine) and near proximity (defined as ½ 

mile from the wind turbines).   In all situations the wind turbines were visible from the 

property.    Graphics and photographs were utilized to illustrate each question so the survey 

taker would have the same or similar understanding as others on each question.    In addition to 

asking the Realtor about the type of impact they expected in each situation, the survey then 

asked them to estimate the percentage of the impact.   Though it is understood that Realtors 

are salespeople and not appraisers, it is also true that they often have to estimate asking prices 

for their clients or act in the capacity of a buying agent for a client.   Both situations demand an 

estimate of value and recognition of those factors that both benefit and detract from value.   

 The geographic area for selection of the survey participants was defined by the wind 

farm projects.    These projects were in Fond du Lac and Dodge Counties, Wisconsin.     

 The Scope of Work (SOW) that was followed in the development, implementation and 

recording of this survey was as follows: 

1. Outline the purpose of the questions and determine what is to be measured and 

what information is needed to have an informative survey free of any suggested 

bias.  

2. Create a Beta version of the survey and have it tested by ten Realtors outside of the 

projected survey area.   

3. Once the Beta testing and revisions were completed, then print the final version of 

the survey. 

4. Realtor offices were presented with the survey and participants were offered a fee 

for taking the survey.   (interestingly, some declined the fee.) 

5. All surveys were given in person.   No surveys were giving orally nor via the Internet.  

6. Once the surveys were completed the survey presenter signed and dated the survey.  

7. All surveys were reviewed for errors and those that were found in error, e.g. giving 

multiple answers to a question when only one was allowed, were then rejected and 

saved with the reason for its rejection.  

8. The survey results were tabulated and presented in a spreadsheet format. 
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9. From the spreadsheet the results were presented graphically for ease of 

understanding.  

10. A summary of the findings and a conclusion was then completed and included in this 

report.  

Following is: (a) a copy of the survey that was hand delivered to each survey participant and (b) 

graphic presentation of the tabulated results from the survey.     

 

Summary of Findings & Conclusion of Impact 

 The survey indicated that in all but two scenarios (those being Questions #8 and #9), 

over 60% the participants thought that the presence of the wind turbines had a negative impact 

on property value.   This was true with vacant land and improved land.   Where the group 

diverted from that opinion is when they were presented with a 10-20 acre hobby farm being in 

close and near proximity.  In these cases 47% (close proximity) and 44% (near proximity) of the 

participants felt that the wind turbines caused a negative impact in property value.     

 The answers showed that bordering proximity showed the greatest loss of value at -43% 

for 1-5 acre vacant land and -39% for improved properties.   Next in line was the close proximity 

showing a -36% value loss for 1-5 acre vacant land and -33% for improved property.   Last in line 

was the near proximity, showing a -29% loss of value for a 1-5 acre vacant parcel and -24% loss 

in value for improved parcels.  These losses show a close relationship between vacant land and 

improved land.   This pattern was replicated regarding the bordering proximity for a hobby 

farm, whereas 70% believed it would be negatively impacted.     Lastly, the opinions regarding 

the impact of the wind turbines due to placement, that being in front of the residence or 

behind the residence, showed that in both situations most participants believed there would a 

negative impact (74% said negative to the front placement and 71% said negative to the rear 

placement). 

 In conclusion, it can be observed that:  (a) in all cases with a 1-5 acre residential 

property, whether vacant or improved, there will be a negative impact in property value;  (b) 

with 1-5 acre properties the negative impact in property value in bordering proximity ranged 

from -39% to -43%;  (c) with 1-5 acre properties the negative impact in property value in close 

proximity ranged from -33% to -36%;  (d) with 1-5 acre properties the negative impact in 

property value in near proximity ranged from -24% to -29%;  (e) in all cases the estimated loss 

of value between the vacant land and improved property was close, however the vacant land 

estimates were always higher by a few percentage points; (f) it appears that hobby farm use on 

larger parcels would have lesser sensitivity to the proximity of wind turbines than single family 

land use; and (g) placement either in front or at the rear of a residence has similar negative 

impacts.     
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SAMPLE OF THE SURVEY 

FOUND ON THE FOLLOWING PAGES   
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Wind Turbine Realtor Opinion Questionnaire 

 

A. Purpose of the questionnaire 

This questionnaire seeks to find the opinion of real estate sales professionals on whether an 

industrial-scale wind turbine near a residential property has an impact on its property value.  

The questionnaire specifically defines terms such as “wind turbine,” “close proximity,” “near 

proximity” and “outlying proximity.”   

 

Wind Turbine – for this questionnaire, a wind turbine is defined as a 1.5 MW industrial-scale 

wind turbine, approximately 389 feet tall from base to blade tip, at its highest point, with a 

blade diameter of approximately 252 feet. Such a wind turbine is pictured below, left.  A 

comparison of the maximum height of industrial-scale turbines compared to other utilities and 

natural features is seen below, right.  

 

 
 

Visual Field Proximity – for this questionnaire, “bordering proximity” is defined as 600 feet from 

turbine to residence, and easily seen from the subject property. “Close proximity” is defined as 

1000 feet from turbine to residence, and readily seen. “Near proximity” is defined as ½ mile 

from turbine to residence, and seen in the distance.  In the questionnaire you will see examples 

of each. 

 

 

All dimensions to scale: 1 inch = 200 feet 

Graphic: Impact of Wind Turbines on Market Value of Texas Rural 

Land.  Derry T. Gardner of Gardner Appraisal Group, Inc.  February 

13, 2009.  Original height of turbine altered for specific case 
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B. Please tell us about your real estate background:  (check all that apply) 

 

• Are you a Wisconsin licensed real estate sales person?       ___ yes  ___ no   If yes, how long? ___yrs. 

• Are you a Wisconsin licensed real estate broker?              ___ yes   ___ no   If yes, how long? ___yrs. 

• Are you a Wisconsin licensed/certified/general appraiser?      ___ yes   ___ no   If yes, how long? ___yrs. 

• Are you a Wisconsin assessor?                 ___ yes  ___ no   If yes, how long? ___yrs. 

• Are you a land developer?                               ___ yes   ___ no    

 

C. What type of property have you listed or sold in the past?  (check all that apply) 

___ vacant land for residential use  

___ vacant land for agricultural use 

___ vacant land for recreational use    

___ vacant land for commercial use 

___ single-family residential    

___ operative farm    

___ hobby farm 

___ recreational land   

___ large tract rural land for any purpose   

___ improved commercial 

___ vacant land for residential developments  

    

• In the last 5 years, have you listed a property from which one or more wind turbines were visible?   

  ___ yes     ___ no 

 

If yes, then please check the type of property (check all that apply)   

___ residential improved          ___ vacant 

___ farm            ___ recreational land 

___ residential development          ___ hobby farm 

___ large tract rural land for any purpose        ___ agricultural 

 

• In the last 5 years, have you sold a property from which one or more wind turbines were visible?   

  ___ yes     ___ no 

 

If yes, then please check the type of property (check all that apply)   

___ residential improved          ___ vacant 

___ farm            ___ recreational land 

___ residential development          ___ hobby farm 

___ large tract rural land for any purpose        ___ agricultural 

 

• Where do you reside? 

___ City 

___ Suburb 

___ Rural 
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For this next set of questions, we are focusing on vacant residential land. 

 

1. What is your opinion of the property value impact of wind turbines in bordering proximity 

to a 1-5 acre vacant residential lot? (see figure) 

i. Do you believe the property value of the parcel in this example would be:  

____ Positively impacted 

____Negatively 

impacted   

____No impact 

 

ii. In your opinion, what 

would be the 

percentage of impact? 

____ I would not know. 

____ I would estimate a 

negative impact in the range of _________________% 

____ I would estimate a positive impact in the range of _________________% 

 

  

 

2. What is your opinion of the property value impact of wind turbines in close proximity to a 1-

5 acre vacant residential lot? (see figure) 

i. Do you believe the property value of the parcel in this example would be:  

____ Positively impacted 

____ Negatively impacted   

____ No impact 

ii. In your opinion, what would be the percentage of impact? 

____ I would not know. 

____ I would estimate a negative impact in the range of _________________% 

____ I would estimate a positive impact in the range of _________________% 
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3. What is your opinion of the property value impact of wind turbines in near proximity to a 1-

5 acre vacant residential lot? (see figure) 

i. Do you believe the property value of the parcel in this example would be  

____ Positively impacted 

____ Negatively impacted   

____ No impact 

ii. In your opinion, what would be the percentage of impact? 

____ I would not know. 

____ I would estimate a negative impact in the range of _________________% 

____ I would estimate a positive impact in the range of _________________% 

 

For this next set of questions, we are focusing on improved residential land.  “Improved” means there is 

a residence on the property. 

 

4. What is your opinion of the property value impact of wind turbines in bordering proximity 

to a 1-5 acre improved residential property? (see figure) 

i. Do you believe the property value of the parcel in this example would be  

____ Positively impacted 

____ Negatively impacted   

____ No impact 

ii. In your opinion, what would be the percentage of impact? 

____ I would not know. 

____ I would estimate a negative impact in the range of _________________% 

____ I would estimate a positive impact in the range of _________________% 
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5. What is your opinion of the property value impact of wind turbines in close proximity to a 1-

5 acre of improved residential property? (see figure) 

i. Do you believe the property value of the parcel in this example would be  

____ Positively impacted 

____ Negatively impacted   

____ No impact 

ii. In your opinion, what would be the percentage of impact? 

____ I would not know. 

____ I would estimate a negative impact in the range of _________________% 

____ I would estimate a positive impact in the range of _________________% 

 

 

6. What is your opinion of the property value impact of wind turbines in near proximity to a 1-

5 acre improved residential property? (see figure) 

i. Do you believe the property value of the parcel in this example would be  

____ Positively impacted 

____ Negatively impacted   

____ No impact 

ii. In your opinion, what would be the percentage of impact? 

____ I would not know. 

____ I would estimate a negative impact in the range of _________________% 

____ I would estimate a positive impact in the range of _________________% 
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7. Envision a hobby farm improved with a residence.  It’s 10-20 acres in size and has a wind 

turbine in bordering proximity. 

(see figure) 

i. Do you believe the property 

value of the parcel in this 

example would be  

____ Positively impacted 

____ Negatively impacted   

____ No impact 

 

8. Envision a hobby farm improved with a residence.  It’s 10-20 acres in size and has a wind 

turbine in close proximity. (see figure) 

i. Do you believe the property value of the parcel in this example would be  

____ Positively impacted 

____ Negatively impacted   

____ No impact 

 

9. Envision a hobby farm improved with a residence.  It’s 10-20 acres in size and has a wind 

turbine in near proximity. (see example on next page) 

i. Do you believe the property value of the parcel in this example would be  

____ Positively impacted 

____ Negatively impacted   

____ No impact  
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10. Assume that the wind turbine can be seen from the front yard of a 1-to-5 acre improved 

residential property as pictured below.  Based on your professional experience would you 

say that this turbine would have: 

___ A positive impact on the property value 

___ A negative impact on the property value 

___ No impact on the property value  

 

11. Assume that the wind turbine can be seen from the back yard of a 1-to-5 acre improved 

residential property as pictured below.  Based on your professional experience would you 

say that this turbine would have: 

___ A positive impact on the property value 

___ A negative impact on the property value 

___ No impact on the property value. 
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Please feel free to include your own issues, comments or experiences (positive or negative) pertaining to 

wind turbines below: 

_____________________________________________________________________________________ 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

Thank you for your help!  Please date and sign below. 

 

 

I have completed this questionnaire on ____/____/_______  signed _____________________________ 

 

Name: _____________________________________________________________________ 

Company: __________________________________________________________________ 

Address of company: _________________________________________________________ 

Contact phone number: _______________________________________________________ 

 

 

(To be filled out by interviewer) 

This questionnaire was given by __________________________________________________________  

on   ____/____/__________ 

This questionnaire was given:   ___ in person  ___ by fax    ___ by e-mail  ___ by letter  

If this questionnaire was given in person, at what location?   

____________________________________________________________________________________  
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WIND TURBINE IMPACT - SALES STUDIES 

 

 The purpose of the wind turbine impact sales studies was to compare the residential 

land sales of properties located within the wind turbine farm area to comparable land sales 

located outside of the influence of the wind turbines.   Being located outside of the influence 

meant that the wind turbines could not be seen from the property.    

The Scope of Work (SOW) for this assignment was as follows: 

1) Obtain the wind farm maps from the wind farm developer. 

2) Identify the wind turbine influence area using the wind farm maps, township maps, 

plat books and county maps.  

3) Physically inspect the wind farm influence area.  

4) Search for all residential vacant land sales in the wind farm influence area using the 

following parameters: 

a) 1-10 acre land size. 

b) January 1st, 2005 to May 31st, 2009, to keep the sales in the influence of the wind 

turbines either present or planned.  

c) Vacant land sales only. 

d) Residential land use only. 

e) Arm’s length transactions that meet the legal definition of a Market Value 

transaction.  

f) Utilize REDI, MLS, court records, assessor records, county maps, Google maps, 

FEMA maps, and other sources as needed for property data of each sale.  

5) Research and confirm all sales within the wind turbine influence and physically 

inspect all sales and locate the proximity of all nearby wind turbines. 

6) Complete a sales info sheet on each sale.   

7) Using the sales in #5, set forth the parameters for the comparable land sales located 

outside of the sphere of influence and follow steps #4 through #6.    

8) Once all the sales are confirmed and the sales info sheets completed, complete a 

spreadsheet listing all land sales data. 

9) Complete a market appreciation/depreciation time study for time adjustments. 

10) Complete a “x, y” scatter chart plotting the land sales within the influence of the 

wind turbines vs. those outside of the influence after time adjustments are applied. 

11) Plot regression lines of the two values using logarithmic functions. 



APPRAISAL GROUP ONE | Wind Turbine Impact Study 
27 

 

12) Compare the values projected by the charts to identify and define any value 

difference between the land sales within vs. outside of the influence of the wind 

turbines.  

13) Summarize and conclude the impact of wind turbines to property value.   

 The areas of study include the WE Energies - Blue Sky Green Field wind farm located in 

the northeast section of Fond du Lac County and the Invenergy - Forward wind farm located in 

southwest Fond du Lac County and northeast Dodge County.  The sales studies and their 

conclusions follow. 
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WE Energies - Blue Sky Green Field Wind Farm Sales Study 

 

 The area of study was the northeast section of Fond du Lac County bordered by Calumet 

County to the north, Lake Winnebago to the west and Sheboygan County to the east.   The 

study included the townships of Calumet, Taycheedah and Marshfield.   A total of 68 vacant 

residential land sales were utilized for this study.  From that total, 6 land sales were in the 

influence of the wind turbines (within the wind farm parameters), and 62 sales were located 

outside of that sphere of influence.  The sales map for this study is pictured below: 
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Overview Map #2 
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Overview Map #3 
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Overview Map #4 

 

All of these sales were the placed in a spread sheet that appears on the next pages.  
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WE-ENERGIES BLUE SKY GREEN FIELD SPREADSHEET 

 

 

Identifier 
 

Subdv Lot 
Street 
# 

Street name resale? Sale Amt Sale Date Doc # 
lot size 
acres 

  
adj Sale 
after 
time adj 

$/ac 

Cal-5   Rural  turbine W2073 Cty Rd HHH N $ 8,500 3/31/2006 868997 2.000   $ 8,500 $ 4,250 

Cal-4   Rural  turbine W2079 Cty Rd HHH N $ 8,500 3/31/2006 868996 2.000   $ 8,500 $ 4,250 

Cal-3   Rural     
Schumacher 
Rd. 

N $ 12,000 2/12/2009 931211 2.088   $ 12,000 $ 5,747 

Marsh-5   Rural  turbine W1362 Basswood Rd. N $ 45,000 12/27/2007 908549 2.960   $ 45,000 $ 15,203 

Marsh-2   Rural  turbine W2209 Cty Rd W N $ 40,000 5/1/2009 871059 2.330   $ 40,000 $ 17,167 

Marsh-1   Rural  turbine   Cty Rd W N $ 20,000 1/16/2008 909043 1.880   $ 20,000 $ 10,638 

  
 

Rural 
  

Johnsburg Rd. N $ 53,500 6/10/2009 940604 2.578   $ 53,500 $ 20,753 

Cal-2 
 

Rural 
  

State Hwy 151 N $ 105,000 10/30/2006 883092 6.689   
$ 
105,000 

$ 15,697 

For-5 
 

Rural 
 

W879 
Pleasant View 
Ct. 

N $ 24,000 2/4/2008 910007 1.030   $ 24,000 $ 23,301 

Marsh-3 
 

Rural 
  

Cty Rd W N $ 19,900 10/20/2006 882217 1.540   $ 19,900 $ 12,922 

Tay-13 
 

Winward Estates Lot 44 W4562 Aeolus Way Y $ 40,000 5/14/2009 938265 0.500   $ 40,000 $ 80,000 

Tay-14 
 

Winward Estates Lot 44 W4562 Aeolus Way N $ 45,000 5/31/2007 895585 0.500   $ 45,000 $ 90,000 

Tay-15 
 

Winward Estates Lot 68 N7346 Easterlies Dr. N $ 42,900 11/19/2008 926853 0.870   $ 42,900 $ 49,310 

Tay-16 
 

Niagara Estates Lot 25 
 

Carl Dr. N $ 70,000 9/15/2008 923533 5.160   $ 70,000 $ 13,566 

Tay-17 
 

Glacier Ridge Lot 8 
 

Jennie Lee Ct. N $ 64,000 5/1/2009 937263 1.980   $ 64,000 $ 32,323 

Tay-18 
 

Glacier Ridge 
Lot 10 
& 11  

Jennie Lee Ct. N $ 75,000 9/6/2006 879445 3.230   $ 75,000 $ 23,220 

Tay-19 
 

Glacier Ridge Lot 9 W4209 Jennie Lee Ct. N $ 67,000 6/12/2006 880888 2.090   $ 67,000 $ 32,057 

Tay-20 
 

Glacier Ridge Lot 5 
 

Jennie Lee Ct. N $ 81,250 10/4/2006 881308 1.650   $ 81,250 $ 49,242 

Tay-21 
 

Hawk's Landing Lot 3 W4084 Redtail Ct. N $ 41,900 9/1/2006 879320 1.132   $ 41,900 $ 37,014 

Tay-22 
 

Hawk's Landing Lot 88 N7611 Redtail Ln. N $ 40,400 5/1/2006 871526 0.556   $ 40,400 $ 72,662 

Tay-23 
 

Hawk's Landing Lot 24 
 

Thornwood Dr. N $ 39,900 5/9/2006 872462 0.620   $ 39,900 $ 64,355 

Tay-24 
 

Rural 
  

Linden Dr. N $ 62,500 8/8/2008 920377 1.508   $ 62,500 $ 41,446 

Tay-25 
 

Rural 
  

Fairlane Circle Y $ 52,000 5/7/2009 937834 1.501   $ 52,000 $ 34,644 

Tay-26 
 

Fisherman's 
Estates 

Lot 32 
 

Sturgeon St. N $ 40,000 8/30/2006 881378 0.930   $ 40,000 $ 43,011 

Tay-27 
 

Rural 
  

Fairlane Circle Y $ 41,000 4/12/2007 892630 1.501   $ 41,000 $ 27,315 
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Tay-28 
 

Fisherman's 
Estates 

Lot 26 
 

Sturgeon St. N $ 48,900 5/19/2006 872415 0.800   $ 48,900 $ 61,125 

Tay-29 
 

Rural 
  

Fairlane Circle N $ 29,000 4/12/2007 892629 1.501   $ 29,000 $ 19,320 

Tay-30 
 

Fisherman's 
Estates 

Lot 27 
 

Sturgeon St. N $ 45,500 3/27/2006 869335 1.010   $ 45,500 $ 45,050 

Tay-31 
 

Hawk's Landing Lot 14 N7694 Redtail Ln. N $ 43,900 8/24/2007 901256 0.993   $ 43,900 $ 44,209 

Tay-32 
 

Fisherman's 
Estates 

Lot 28 W3867 Sturgeon St. N $ 50,000 11/26/2007 906314 4.030   $ 50,000 $ 12,407 

Tay-33 
 

Rural 
  

Sunset Dr. N $ 44,900 4/20/2007 893004 1.060   $ 44,900 $ 42,358 

Tay-34 
 

Fisherman's 
Estates 

Lot 23 
 

Minnow Ln. N $ 41,272 5/11/2006 871911 0.960   $ 41,272 $ 42,992 

Tay-35 
 

Hawk's Landing Lot 99 N7715 Redtail Ln. N $ 44,000 5/1/2006 883441 0.531   $ 44,000 $ 82,863 

Tay-36 
 

Fisherman's 
Estates 

Lot 21 
 

Minnow Ln. N $ 50,000 11/7/2006 884123 0.680   $ 50,000 $ 73,529 

Tay-37 
 

Sand Hill Ridge Lot 23 W3766 Heron Ct. N $ 39,900 3/16/2006 868646 0.530   $ 39,900 $ 75,283 

Tay-38 
 

Fisherman's 
Estates 

Lot 17 
 

Perch Ln. N $ 48,800 3/15/2006 868611 1.050   $ 48,800 $ 46,476 

Tay-39 
 

Sand Hill Ridge 
Outlot 
2 

N8192 Sand Hill Dr. N $ 49,900 3/27/2006 869045 0.940   $ 49,900 $ 53,085 

Tay-40 
 

Fisherman's 
Estates 

Lot 16 
 

Perch Ln. N $ 67,400 6/1/2007 895781 3.190   $ 67,400 $ 21,129 

Tay-41 
 

Rural 
 

W3632 Schuster Ln. N $ 40,000 4/13/2006 869751 0.980   $ 40,000 $ 40,816 

Tay-42 
 

Fisherman's 
Estates 

Lot 17 N9309 Perch Ln. N $ 47,500 4/18/2008 915162 1.550   $ 47,500 $ 30,645 

Tay-43 
 

Rural 
 

W3677 Rosenthal Ct. N $ 32,900 6/28/2007 897596 1.206   $ 32,900 $ 27,280 

Tay-44 
 

Fisherman's 
Estates 

Lot 10 
 

Perch Ln. N $ 39,710 4/3/2006 869336 0.570   $ 39,710 $ 69,667 

Tay-45 
 

Rural 
 

N3673 Rosenthal Ct. N $ 31,500 4/23/2007 893867 1.000   $ 31,500 $ 31,500 

Tay-46 
 

Fisherman's 
Estates 

Lot 9 N9256 Perch Ln. N $ 41,000 5/15/2006 872274 0.500   $ 41,000 $ 82,000 

Tay-47 
 

Rural 
 

N8424 Sunset Dr. N $ 41,900 4/6/2007 892075 1.010   $ 41,900 $ 41,485 

Tay-48 
 

Fisherman's 
Estates 

Lot 7 
 

Perch Ln. N $ 38,500 1/13/2006 934159 0.500   $ 38,500 $ 77,000 

Tay-49 
 

Rural 
  

Sunset Dr. N $ 42,400 3/29/2007 893091 0.900   $ 42,400 $ 47,111 

Tay-50 
 

Fisherman's 
Estates 

Lot 7 N9242 Perch Ln. Y $ 26,500 3/25/2009 934159 0.500   $ 26,500 $ 53,000 

Tay-51 
 

Rural 
 

W3879 Somerset Ct. N $ 36,900 2/15/2007 889033 0.900   $ 36,900 $ 41,000 

Tay-52 
 

Fisherman's Lot 5 
 

Perch Ln. N $ 38,700 2/28/2006 867683 0.500   $ 38,700 $ 77,400 
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Estates 

Tay-53 
 

Rural 
 

W3833 Somerset Ct. N $ 36,900 5/15/2006 872951 0.750   $ 36,900 $ 49,200 

Tay-54 
 

Fisherman's 
Estates 

Lot 4 
 

Perch Ln. N $ 38,610 3/28/2006 869334 0.500   $ 38,610 $ 77,220 

Tay-55 
 

Rural 
  

Highland Dr. N $ 49,000 4/30/2007 893642 2.386   $ 49,000 $ 20,536 

Tay-56 
 

Fisherman's 
Estates 

Lot 3 
 

Perch Ln. N $ 38,500 1/13/2006 864806 0.500   $ 38,500 $ 77,000 

Tay-57 
 

Rural 
 

N8168 Highland Dr. N $ 44,000 4/6/2007 892278 1.500   $ 44,000 $ 29,333 

Tay-58 
 

Fisherman's 
Estates 

Lot 2 
 

Perch Ln. N $ 38,300 4/28/2006 871249 0.500   $ 38,300 $ 76,600 

Tay-59 
 

Sand Hill Ridge Lot 12 N8168 Sand Hill Dr. N $ 32,000 4/25/2008 915763 0.500   $ 32,000 $ 64,000 

Tay-60 
 

Fisherman's 
Estates 

Lot 1 
 

Perch Ln. N $ 38,000 4/25/2006 871250 0.540   $ 38,000 $ 70,370 

Tay-61 
 

Sand Hill Ridge Lot 18 N8169 Sand Hill Dr. N $ 29,900 2/5/2008 910111 0.500   $ 29,900 $ 59,800 

Tay-62 
 

Fisherman's 
Estates 

Lot 41 
 

Sturgeon St. N $ 38,000 11/7/2006 884125 0.540   $ 38,000 $ 70,370 

Tay-63 
 

Sand Hill Ridge Lot 17 N8179 Sand Hill Dr. N $ 29,000 11/30/2007 906665 0.500   $ 29,000 $ 58,000 

Tay-64 
 

Rural 
  

Fisherman's 
Road 

N $ 42,000 6/3/2009 939982 1.907   $ 42,000 $ 22,024 

Tay-65 
 

Rural 
  

Sunset Dr. N $ 38,900 6/2/2006 873344 0.850   $ 38,900 $ 45,765 

Tay-66 
 

Rural 
  

Silica Rd. N $ 48,000 11/1/2007 905011 2.080   $ 48,000 $ 23,077 

Tay-67 
 

Rural 
 

N8566 Cty Rd QQ N $ 55,000 1/22/2007 887591 5.461   $ 55,000 $ 10,071 

Tay-68 
 

Rural 
  

Stoneridge Dr. N $ 60,000 5/15/2006 874032 1.501   $ 60,000 $ 39,973 

Tay-69 
 

Park Ridge Lot 11 
 

Park Ridge Dr. N $ 58,900 2/10/2006 865888 1.148   $ 58,900 $ 51,307 

Tay-70 
 

Rural 
 

N8593 Lakeview Rd. N $ 58,000 8/15/2007 900674 2.370   $ 58,000 $ 24,473 

Tay-71 
 

Rural 
  

Lakeview Rd. N $ 40,000 5/16/2007 894831 1.240   $ 40,000 $ 32,258 
 

 

 The spread sheet from above has been translated into a chart on the next page.   This chart plots the land sales within the 

influence of the wind turbines in red and those sales outside of this influence in blue.   The blue regression line plots the best fit of 

predicted values of the land value outside of the influenced area and then this line is compared to the six land sales lying within the 

wind farm.   The difference in value is plotted and referenced in the graph.    
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SUMMARY & CONCLUSION 

 The sales study indicated three factors:  (1) sales within the wind turbine influence area 

sold for less than those outside of this area; (2) there were substantially less sales available 

within the turbine influence area as compared to those sales outside of the influence area; and, 

(3) the impact of the wind turbines decreased the land values from -19% to -74%, with an 

average of -40%.  Additionally, it can be said with a high rate of confidence that the impact of 

wind turbines on residential land sales is negative and creates a loss greater than -19% 

averaging -40%.    It is logical to conclude that the factors that created the negative influence on 

vacant land are the same factors that will impact the improved property values.   Therefore, it is 

not a leap of logic to conclude that the impact of wind turbines to improved property value 

would also be negative, most likely following the same pattern as the vacant land sales, that 

being greater than -19% averaging -40%.   
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Invenergy – Forward Wind Farm Sales Study 

 

   The area of study was the southwest section of Fond du Lac County and the northeast 

section of Dodge County being bordered by US Highway 41 to the east and Horicon Marsh to 

the west.  The study included the townships of Oakfield and Byron in Fond du Lac County and 

Leroy and Lomira in Dodge County.   A total of 34 vacant residential land sales were utilized for 

this study.  From that total, 6 land sales were in the influence of the wind turbines (within the 

wind farm parameters) and 28 sales were located outside of that sphere of influence.  The sales 

map for this study is pictured below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All of these sales were the placed in a spread sheet that appears on the next pages.  
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INVENERGY – FORWARD WIND FARM SPREADSHEET 

Salmon colored sales are within the wind turbine influence 

Yellow colored sales are low sales both in and out of the turbine influence area removed from the chart analysis. 

Identifier Subdv Lot Street # Street name resale? Sale Amt Sale Date Doc # 
 

lot size 
in 

acres 
adj Sale $/ac 

Byr-1 Rural     Cty Hwy Y N $ 46,500 5/29/2009 939508   5.947 $ 46,500 $ 7,819 

Oak-2 Rural   W8162 
Schoepke 
Rd. 

N $ 57,900 5/27/2005 848184   5.725 $ 57,900 $ 10,114 

Lo-7 Rural   W2388 
Farmersville 
Rd. 

N $ 60,000 8/5/2005 1051944   4.113 $ 60,000 $ 14,588 

Oak-1 Rural   W8186 
Schoepke 
Rd. 

N $ 55,000 6/15/2005 849179   5.724 $ 55,000 $ 9,609 

Oak-5 Rural   W7810 Kinwood Rd. N $ 45,000 11/7/2005 860118   3.000 $ 45,000 $ 15,000 

Lo-5 Rural     Rustic Rd. N $ 65,000 10/2/2007 1098197   7.188 $ 65,000 $ 9,043 

Le-1 Rural   N11014 Dairy Rd. N $ 16,000 3/1/2005 1041761   4.000 $ 16,000 $ 4,000 

Oak-3 Rural     Highland Rd. N $ 40,000 4/18/2006 870251   20.000 $ 40,000 $ 2,000 

Oak-4 Rural     Highland Rd. N $ 30,000 4/18/2006 870206   15.000 $ 30,000 $ 2,000 

Oak-6 Rural     Dehring Rd. N $ 30,000 8/14/2007 900404   5.000 $ 30,000 $ 6,000 

Byr-17 Rural     Cty Hwy B N $ 38,700 1/18/2006 934701   5.719 $ 38,700 $ 6,767 

Byr-10 Yellowstone Glen Lot 10 
 

Maple Ridge 
Dr. 

N $ 49,900 1/11/2008 909184 
 

2.970 $ 49,900 $ 16,801 

Byr-11 Yellowstone Glen Lot 12 
 

Maple Ridge 
Dr. 

N $ 49,900 9/7/2007 901728 
 

2.250 $ 49,900 $ 22,178 

Byr-12 Yellowstone Glen Lot 9 
 

Church Rd. N $ 64,900 12/19/2006 885873 
 

4.270 $ 64,900 $ 15,199 

Byr-13 Rural 
  

Maple Lane N $ 35,500 12/3/2007 906831 
 

1.855 $ 35,500 $ 19,137 

Byr-14 
Whispering Wind 
Estates 

Lot 3 W5363 Abel Dr. N $ 36,500 12/20/2006 944576 
 

1.770 $ 36,500 $ 20,621 

Byr-15 
Whispering Wind 
Estates 

Lot 13 
 

Abel Dr. N $ 89,900 4/20/2007 894055 
 

2.197 $ 89,900 $ 40,919 

Byr-16 
Whispering Wind 
Estates 

Lot 14 
 

Bowe Ln. N $ 84,500 4/13/2007 892992 
 

5.369 $ 84,500 $ 15,738 

Byr-18 Rural 
 

W7113 Briar Ct. N $ 50,000 1/3/2006 863679 
 

2.306 $ 50,000 $ 21,683 

Byr-19 Rural Lot 4 
 

Briar Ct. N $ 55,000 1/24/2007 887690 
 

2.077 $ 55,000 $ 26,481 
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Byr-2 Rural 
 

W5135 Cty. Rd. Y N $ 27,000 5/4/2006 871853 
 

1.500 $ 27,000 $ 18,000 

Byr-20 Rural Lot 3 
 

Briar Ct. N $ 58,500 6/28/2006 875130 
 

3.260 $ 58,500 $ 17,945 

Byr-21 Boda Outlot 1 
 

Lost Arrow 
Rd. 

N $ 58,500 11/23/2007 905816 
 

6.492 $ 58,500 $ 9,011 

Byr-22 Boda Lot 3 
 

Boda Lane N $ 30,000 8/31/2006 879134 
 

2.420 $ 30,000 $ 12,397 

Byr-23 Boda Lot 6 
 

Boda Lane N $ 28,500 3/14/2008 913416 
 

1.500 $ 28,500 $ 19,000 

Byr-24 Yellowstone Glen Lot 18 W5143 
Maple Ridge 
Dr. 

N $ 46,500 2/28/2006 867569 
 

2.680 $ 46,500 $ 17,351 

Byr-25 
Whispering Wind 
Estates 

Lot 19 W5384 Bowe Ln. N $ 70,000 12/28/2007 908457 
 

2.927 $ 70,000 $ 23,915 

Byr-3 Rural 
 

N3866 Hickory Rd. N $ 36,000 7/11/2007 897417 
 

2.717 $ 36,000 $ 13,250 

Byr-4 Lonesome Oak N3787 Shamrock Ct. N $ 37,500 6/28/2007 897801 
 

3.636 $ 37,500 $ 10,314 

Byr-5 Rural 
 

W5326 
Lost Arrow 
Rd. 

N $ 98,500 8/1/2008 920831 
 

10.130 $ 98,500 $ 9,724 

Byr-6 Yellowstone Glen Lot 2 W5110 
Maple Ridge 
Dr. 

N $ 44,900 3/29/2006 868808 
 

1.820 $ 44,900 $ 24,670 

Byr-7 Yellowstone Glen Lot 17 W5133 
Maple Ridge 
Dr. 

N $ 44,900 6/7/2006 873673 
 

2.010 $ 44,900 $ 22,338 

Byr-8 Yellowstone Glen Lot 3 
 

Maple Ridge 
Dr. 

N $ 53,900 11/12/2007 905595 
 

1.890 $ 53,900 $ 28,519 

Byr-9 Yellowstone Glen Lot 8 
 

Maple Ridge 
Dr. 

N $ 59,900 10/31/2007 907222 
 

4.350 $ 59,900 $ 13,770 

Le-2 Town 
 

N10456 Cty. Rd. Y N $ 15,000 1/10/2005 1038920 
 

0.865 $ 15,000 $ 17,341 

Le-3 Town 
 

N10456 Cty. Rd. Y Y $ 29,000 2/25/2005 1041336 
 

0.865 $ 29,000 $ 33,526 

Oak-7 Rural 
 

W8870 Cty Hwy TC N $ 44,000 12/28/2007 908830 
 

2.000 $ 44,000 $ 22,000 

Oak-8 Rural 
  

Cty Hwy TC Y $ 44,000 5/30/2008 917939 
 

2.000 $ 44,000 $ 22,000 

Oak-9 Rural 
  

Cty Hwy TC N $ 44,000 5/29/2007 895852 
 

2.000 $ 44,000 $ 22,000 
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The spreadsheet from above has been translated into a chart on the next page.   This chart 

plots the land sales within the influence of the wind turbines in red and those sales outside of 

this influence in blue.   The blue regression line plots the best fit of predicted values of the land 

value outside of the influenced area.   The red regression line plots the best fit of predicted 

values of the land inside of the wind turbine influence.   The difference in value between the 

two is plotted and referenced in the graph.   
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SUMMARY & CONCLUSION 

 The sales study indicated three factors:  (1) sales within the wind turbine influence area 

sold for less than those outside of this area; (2) there were substantially fewer sales available 

within the turbine influence area as compared to those sales outside of the influence area; and, 

(3) the impact of the wind turbines decreased the land values from -12% to -47% with the 

average being -30%.    Additionally, it can be said with a high rate of confidence that the impact 

of wind turbines on residential land sales is negative and creates a loss greater than -12%, 

averaging -30%.    It is logical to conclude that the factors that created the negative influence on 

vacant land are the same factors that will impact the improved property values.   Therefore, it is 

not a leap of logic to conclude that the impact of wind turbines on improved property value 

would also be negative, most likely following the same pattern as the vacant land sales, that 

being greater than -12% averaging -30%.   
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WIND TURBINE IMPACT – LITERATURE REVIEW 

By Erik Kielisch 

 

Introduction 

 

The push for renewable energy is a global phenomenon.  “Green” energy has swept the 

public consciousness, and wind farms are being promoted as a clean-air alternative to 

traditional energy sources.1  The prevalent opinion is, “Wind is free.  Why not harness it?”  The 

wind industry claims wind turbines emit no greenhouse gases and produce electricity without 

using fossil fuels.2  They also claim that the free nature of wind eliminates fuel cost uncertainty 

and stabilizes the overall price of electricity as compared to fossil-fueled power plants,3 and 

thusly national security can be enhanced by diversifying and distributing such electricity 

generation resources.4  Industry advocates claim wind energy development can create jobs, 

income and tax revenues – especially in rural communities where farmers can benefit from 

income opportunities through leasing.5  

On the surface, it’s an attractive option, but the reality is far less encouraging.  Each 

industry claim has been widely contested by many, including several European countries the 

wind energy industry holds in high regard. 

The focus on the ideals personified by wind power and the willful ignorance of its true 

costs and inefficiency has fast become a case of “symbolism over substance.”6  Though wind is 

free, harnessing it is not.  Nor are wind farms benign, and the converting of blowing wind into 

electricity is anything but “green.”  As the following literature review summary will show, wind 

energy has many unresolved issues that warrant further investigation before committing the 

country’s resources to its further development.   

 

 

The Setting 

 

When most Americans hear of wind farms, they think of the rustic water-pumping 

windmills found on turn-of-the-century farms or reruns of “Little House on the Prairie.”  These 

windmills are dwarfed by the turbines proposed and built worldwide.  The most common 

height of a modern industrial-grade wind turbine used in wind farms is nearly 400 feet from 

base to blade tip.  That’s taller than the Statue of Liberty.7  And the spinning diameter of the 

blades is wide enough to comfortably fit a Boeing 747.8 

Though fossil fuels are a limited resource, the benefits of wind energy are equally 

limited.  In their haste to promote renewable energy, many counties and states are approving 

wind farms with little research into how industrial-grade wind turbines impact the health of 

nearby residents, property values and the local economy.9 
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Health Issues 

 

Many people living near operating wind turbines are reporting neurological and 

physiological disorders that are only resolved when the turbines are off or when the people 

leave the area.  Common symptoms include sleeplessness, headaches, dizziness, unsteadiness 

and nausea, exhaustion, anxiety, anger, irritability and depression, problems concentrating and 

learning, and Tinnitus (ringing in the ears).10  Symptoms can be experienced up to 1.2 miles 

away in rolling terrain; 1.5 miles away in valleys; and 1.9 miles away in mountainous regions.11  

These symptoms are being referred to as “Wind Tower Syndrome”12 in the U.S., but they are 

the same symptoms of a proven ailment, Vibroacoustic Disease (VAD).13 

In 2007, two Portuguese scientists found that the amount of infrasound and low 

frequency noise (LFN) generated by wind turbines is conducive to VAD.14  Symptoms include:  

slight mood swings, indigestion, heartburn, mouth/throat infections, bronchitis, chest pain, 

definite mood swings, back pain, fatigue, skin infections (fungal, viral, and parasitic), 

inflammation of stomach lining, pain and blood in urine, conjunctivitis, allergies, psychiatric 

disturbances, hemorrhages (nasal, digestive, conjunctive mucosa) varicose veins, hemorrhoids, 

duodenal ulcers, spastic colitis, decrease in visual acuity, headaches, severe joint pain, intense 

muscular pain, and neurological disturbances.15 

Though some may claim high frequency noise has no health effects, a study of before-

and-after sound waveforms shows how overexposure to high frequencies can cause similar 

symptoms including: Tinnitus, headaches, sleeplessness, dangerously high blood pressure, 

heart palpitations, itching in the ears, eye watering, earaches and chest pressure.16 

These symptoms can become so overwhelming that landowners have to leave their 

home to recover.  In a case in Canada, four families had to abandon their homes near the wind 

farms – prompting the wind company to bury the turbines’ collector line near the worst-hit 

homes.  A collector line transports wind-generated electricity below ground within the turbine 

rows and above ground from the rows to the main substation.17 The operator also installed an 

insulator between the neutral line and the grounding grid.  It reduced the high frequencies, but 

didn’t completely cure the situation.18 

Most studies on the health impacts of wind turbines have been conducted in Canada 

and Europe – where turbines have long been operating.  But in 2009, Minnesota’s Department 

of Health released a study on the public health impact of wind turbines.  They also found that 

wind turbines generate a broad spectrum of low-intensity (frequency) noise,19 and houses do 

little to weaken LFNs.20  Sleeplessness and headaches are the most common health and 

annoyance complaints associated with proximity to turbines.21  LFN is typically a non-issue at 

more than a half mile, but differences in terrain or different wind conditions could cause the 

sound to reach further.  Unlike LFN, shadow flicker can affect people outdoors and indoors.  

Minnesota’s Department of Health recommended further testing to determine the LFN impact; 

evaluate potential impacts from shadow flicker and visibility; and estimate the cumulative noise 

impacts of all wind turbines.22 

The noise produced from wind turbines is extremely complex, and it is the complexity of 

the noise and vibration which causes the disturbance.23  A 2007 British study surveyed 39 

residents already known to be suffering from problems they felt were due to their close 
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proximity to the turbines.  On average, 75% of them reported fatigue, lack of sleep and 

headaches.  Half reported stress and anxiety.  And a quarter reported migraines, depression 

and Tinnitus.24 

To counter health claims, the wind industry has quoted the World Health Organization’s 

Community Noise Paper of 1995 which says, “There is no reliable evidence that infrasound 

below the hearing threshold produce physiological or psychological effects.”  However, the final 

WHO document of 1999 reversed that statement: “The evidence on low frequency noise is 

sufficiently strong to warrant immediate concern.”25 

According to Dr. Amanda Harry’s 2007 study, “Wind Turbines, Noise and Health,” people 

are affected by LFN because the human body is “in an extremely delicate state of equilibrium 

with the sonic environment and any profound disturbance of this system will have profound 

ramification to the individual.”26 

LFNs are mainly the result of the displacement of air by a blade and of turbulence at the 

blade surface.27  LFN intensity changes with the wind and it can amplify audible, higher 

frequency sounds to create periodic sound.  The effect is stronger at night – sometimes up to 

15-18dBs higher – because of atmospheric differences.  Multiple turbines can interact with 

each other to multiply the effect which will be greater for larger, more modern turbines.28  LFNs 

contribute to the overall audible noise but they’re mainly seismic – which is why people say 

they can “feel” the noise.29  

Body vibration exposure at seemingly low frequencies from 1-20 Hz can have the 

following effects:30 

 

- General feeling of discomfort 4-9 Hz 

- Head symptoms   13-20 Hz 

- Influence on speech  13-20 Hz 

- Lump in throat   12-16 Hz 

- Chest pains   5-7 Hz 

- Abdominal pains   4-10 Hz 

- Urge to urinate   10-18 Hz 

- Influence on breathing  4-8 Hz 

 

Over time, symptoms from LFN can have serious adverse physiological effects:31 

 

- After 1-4 years: slight mood swings, indigestion, heartburn, mouth/throat infections, 

bronchitis. 

- After 4-10 years: chest pain, definite mood swings, back pain, fatigue, skin 

infections, inflammation of stomach lining, pain and blood in urine, conjunctivitis, 

allergies. 

- After 10 years: psychiatric disturbances, hemorrhages, varicose veins, hemorrhoids, 

duodenal ulcers, spastic colitis, blindness, headaches, severe joint pain, intense 

muscular pain, neurological disturbances. 
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One particular case in Nova Scotia, Canada has generated substantial press.  The 

d’Entermont family home sits in the midst of a 17-turbine wind farm.  Soon after the turbines 

began operating, the parents saw a noticeable shift in their six children’s behavior.  They 

started becoming more irritable, hearing ringing in the ears, lost concentration and developed 

high blood pressure.  They had to move 30 miles away to resolve the health issues, and no one 

will buy their home.32 

However, these symptoms don’t affect everyone.   Because wind is inconsistent, so too 

will be the noise (and thus health effects) caused by wind turbines.33  As a result, the wind 

industry counters such health claims by relying on engineers and acoustics consultants who 

base their conclusions on engineering principles instead of on physiology like opposing 

audiologists and physicians who study the effect of sound and vibration on people.34,35  

Likewise, many environmentalists dismiss any health effects – claiming they’re fictions fueled 

by not-in-my-backyard-ism.36  However, experts in biomedical research have drawn different 

conclusions.37 

The French National Academy of Medicine has warned that the harmful effects of sound 

related to wind turbines are insufficiently assessed.  They consider wind turbines to be 

industrial installations and expect turbine operators to comply with specific regulations that 

address the harmful effects of sound particularly produced by these structures.38 

This year, two families in Ontario, Canada had to move due to adverse health effects 

from nearby wind turbines.  One of the displaced landowners said he started suffering from 

very high blood pressure, sore feet and irritability once the wind farm was online.  Once he 

leaves the area, he quickly recovers.   The wind company is paying for one of them to stay in a 

hotel while tests are being done on their property.39   

In July of 2009, Sean Whittaker, vice president of policy for the Canadian Wind Energy 

Association said such health complaints are few.  “There’s no cause and effect relationship 

between audible sound produced by turbines and adverse health effects,” Whittaker said.  

“…all research to date indicates that turbines do not produce infrasound at levels near enough 

to have impacts on humans.”40   

Elizabeth May, the former Executive Director of Sierra Club of Canada, vehemently 

defends wind energy but admits that literature studies show wind towers negatively affect 

human health.  She makes a concession for better project siting – away from impacted 

citizens.41 

But why do some suffer and others do not?  Everyone’s body is different.  Some can be 

exposed to the flu and never catch it, while others succumb.  Of three siblings with identical 

parentage, two may always be healthy and the third may suffer from extreme arthritis.  The 

human body is complex and some are more resilient than others to outside influences. 

 

 

Health Solutions 

 

The international community recommends generous setbacks from wind farms in order 

to mitigate any potential health effects and loss to property values.  The setbacks range from a 

minimal 1,500 foot setback42 to 1½ miles away from any home, school or business.43  Because 
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symptoms can be suffered up to a mile from a wind farm, one study suggests that turbines 

should be no closer than 1½ miles from a residence.44  Others recommend an immediate and 

mandatory minimum buffer of 1¼ miles between a dwelling and an industrial wind turbine, and 

even more of a buffer between a dwelling and a wind turbine with greater than 2MW installed 

capacity.45  

Other solutions include: filtering inverters at each turbine, burying all collector lines, 

filtering the power at the substation before going to the grid, and installing a proper neutral 

system to handle the high frequency return current.46 

 

 

Wind Turbine Hazards 

 

Wind turbines, like all machines, have weaknesses and are subject to accidents and 

failure.  Inclement weather and strong gusts can snap off wind tower blades;47 ice can build up 

on the blades, break and throw large ice chunks48 and fling ice shards onto nearby homes49,50  

- potentially harming nearby residents;51 turbulent wind can accelerate a blade’s deterioration, 

weakening it to the point of breaking off and crashing into nearby homes;52 high winds can also 

overpower its automatic braking system and result in structural failure; 53 automatic shut-down 

systems can malfunction, damaging the turbine to the point of collapse;54 and gale force winds 

can shut down turbines and make them a safety concern.  In one such case, British police 

cordoned off a 1,500 foot area around the wind farm for “safety precautions.”55  Other 

common problems include fires and blade disintegration caused by mechanical failures and 

lightning.56  

In Europe, which has long had wind farms, they have seen an increase in turbine 

accidents, defects and needed repairs.  A turbine’s gearbox is expected to last 5 years and often 

quits before then.  Due to the huge demand for turbines, manufacturers have no time to test 

their product before sending it into the field.  And the demand has so strained manufacturing 

capabilities that the waiting list for replacement parts can sometimes top 18 months – leaving 

the turbine motionless in the meantime.57 

Wind farms interfere with weather radar by sending false storm signals,58 thus limiting 

the ability of people in surrounding areas to know if they should seek shelter or not.  They also 

interfere with military radar, affecting military readiness.59  And they may interfere with civilian 

radar,60 making it dangerous to site turbines near airports or military installations.61   

Despite the constant warning lights on top of each turbine, wind farms are dangerous to 

planes.  A distance of 1,200 feet is still too close to an airport or landing strip because aircraft 

cannot turn fast enough to avoid the turbines.  Also, turbines create a down draft – additional 

turbulence that pilots have to overcome in take offs and landing.62 

In the 2007 Burch v. Nedpower Mount Storm, LLC decision, a West Virginia court found 

that wind farms can constitute a nuisance to nearby landowners.  Even though the state’s 

Public Service Commission approved the facility, the court ruled that such approval does not 

overrule the common law of nuisance.63  Accepted causes of nuisance included noise, eyesore, 

flicker and strobe effect of light reflecting from blades, potential danger from broken blades, ice 

throws, and reduced property values.64 
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Conservation Concerns 

 

Wind turbines have been found to adversely affect a wide variety of environmental, 

ecological, and scenic values.65  Poor turbine sitings have led to bird and bat fatalities.66  

According to the American Bird Conservancy, wind towers kill 10,000 to 40,000 birds every 

year.  However, this is still much lower than the 100 million window-related bird deaths each 

year.67  Bat deaths, however, are killed three times as much as birds by wind turbines.68  And 

many bats killed by turbines are most likely migrating for mating rituals.  If such bats are killed 

then certain bat species are in danger of failing to repopulate.69   

Aside from wildlife concerns, conservation groups are divided on wind energy.  In North 

Carolina, environmentalists are fighting over siting issues.  Some side with the wind companies 

and want to place wind turbines on mountain ridges for optimal winds.  But other 

environmentalists want to keep them off the ridges in order to protect the mountains’ natural 

beauty.70 

According to the wind industry, the most damage to wildlife and plant-life happens 

during construction.  After that, they say collision deaths are insignificant compared to the 

effects of other man-made structures, vehicles and pollution.71  Turbine installation can also 

significantly affect natural drainage and ground water.72 

The wind industry acknowledges is toxic or hazardous materials in the form of relatively 

small amounts of leaking lubricating oils, hydraulic and insulating fluids.73  However, even small 

leakages of such materials can negatively impact ground water if left unchecked over time.74  

Fluid leaks not only drip directly downward, but they also fly off the tips of the spinning blades, 

thus spreading the contamination over a wider area.75  On-site storage of new and used 

lubricants and cleaning fluids also constitutes a hazard.76  To protect the public, the National 

Wind Coordinating Committee recommends setback requirements to provide “an adequate 

buffer” between wind generators and consistent public exposure and access.77 

 

 

Property Values and Land Use 

 

Wind industry advocates say little about a turbine’s impact on property values.  When 

they do address the issue, they deny that wind farms negatively impact property values.  If they 

do admit impact, they say the only effect would be more time on the market.78 

Mike Sagrillo, president of Sagrillo Power & Light Co. said that those who claim property 

value diminutions “pull myths out of thin air and persist in wild accusations despite being 

debunked.”79  To prove this point, wind industry advocates frequently refer to a 2004 study 

performed by the Renewable Energy Policy Project (REPP) – an organization dedicated to 

accelerating the use of renewable energy. 

The REPP study, paid for by wind energy proponents, reviewed 25,000 assessment 

records of property sales within 5 miles of wind projects from 1998-2001 to determine if there 

was a negative effect on property values within the view shed of the wind farm projects.  In 9 
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out of their 10 case studies, they found either no change in value or even an increase of value 

for those properties within the turbines’ view shed.80  

However, the conclusion that property values increased isn’t verified.81  They did not 

follow up with the property purchasers.82   The REPP findings omit many necessary variables for 

analysis such as adjustments for a rising or falling market, number of days from listing to sale, 

residential property vs. rural property, effect of noise, flickering and shadows, distances of the 

homes from the turbines, and possible change in highest and best use due to the presence of 

the turbines.83  By using assessment data, they measured mass property values, not individual 

property values, and assessments do not accurately reflect market value.  The purpose of an 

assessment is to treat all property owners equally so the general tax burden is shared by all. 

The REPP study also does not analyze whether or not the properties had a direct line of 

sight to the turbines, and the number of property transactions decreases the closer one 

approaches the wind farm.  By only examining change in comparable property values over a 

three year period, the study weakens itself because, in most cases, the projects had been 

announced and debated long before the three-year window opened.  As a result, any 

depressive effect on property values would have occurred prior to the start of the study.84    

In contrast, others say close proximity to wind turbines can devalue a property 20-

30%.85  In analyzing potential impact to their township from a wind farm, the township of 

Centerville, Michigan disregarded the REPP study because of its flaws and bias in favor of wind 

energy.86 

Industry advocates often liken wind turbines to other man-made structures like water 

towers.87  But water towers don’t move.88  If they had no effect, then people would want to live 

near them.  However, developers are balking at even building near wind turbines lest potential 

buyers of high-end homes be “spooked by the noise and visual distraction of the huge whirling 

fan blades.”89  In many cases there is a complete lack of interest in any homes near existing or 

planned wind farms.  And when they do sell, they usually sell at less than current market 

value.90 

At best, a wind turbine near a residential property can have no effect on the value and 

salability of the property.  As one realtor explained, “Logically, as wind turbines produce 

constant audible noise over a large area, and as they intrude on the view shed, the only valid 

conclusion is that nearby residences are less valuable than they would be if there was no 

turbine nearby. Why would a buyer choose a house within sight and sound of a turbine, if a 

comparable house at the same price were available elsewhere, beyond the sight and sound of 

the turbine? It is totally counter-intuitive to suggest anything else.”91 

In the last couple years, Canadian assessors have begun to devalue homes that are at 

least 1,500 feet away from the nearest turbine.  In Prince Edward Island, several residents near 

an industrial wind farm received up to a 10% lower property value due their proximity.  The 

assessors considered the turbines as an industrial area and devalued nearby properties 

accordingly.92 

As with other easements, some claim that the impact from windmills will diminish over 

time.  However, studies from Europe show otherwise.  In Germany, which has long had 

windmills, real estate agents report property value losses between 20-30% for properties in 

sight of wind farms.93  And even though a minority may find windmills to be a nuisance, 



APPRAISAL GROUP ONE | Wind Turbine Impact Study 
50 

 

property values can still drop $2,900 per turbine up to $16,000 for a property abutting 12 

turbines.94  Likewise, Scottish real estate agents found that a 41-turbine wind farm would result 

in $1 million in property value losses.95 

Properties within wind farm areas may experience longer days on market.  In his study, 

“Living with the Impact of Windmills,” Real Estate broker Chris Luxemburger studied 600 sales 

over 3 years within proximity of a wind mill (interchangeable with “turbine”) found that the 

days on market were more than double for properties within the windmill zone.  Selling price 

was an average of $48,000 lower inside the zone than outside.  And 11% of homes within the 

zone did not sell vs. 3% of homes outside the zone.96 

Wind farms are normally built in rural locations.  Therefore, apart from size, the main 

influences on value will often be the view, peace and serenity, and a rural environment.  In 

many rural locations a wind farm will reduce the value of properties located nearby.97  

However, it has been observed in some rural farming areas that prices remained steady or even 

increased for those properties benefitting from the associated income stream from the turbine 

leases.98  Many factors contribute to a loss in value, including: loss of a quality view, 

environmental noise pollution and the consequent health impact, shadow flicker and strobing 

light (which can have health repercussions).  The further a dwelling is from wind turbines, the 

less impact they will have on property values and health.  

In 2004, the township of Lincoln in Kewaunee, Wisconsin performed its own study and 

found that sales within one mile of the wind farm prior to installation were 104% of the 

assessed values.  Properties selling after the wind farm installation in the same area were at 

78% of the assessed value.99  The UK has reported similar impacts up to a 20% loss in value 

from the presence of four 360-foot tall turbines 550 yards from a new home.100 

In most cases, environmental noise pollution will influence the bulk of the property 

damages.  In a well-populated rural area, the total financial damage on the community will 

substantially exceed the public interest that will be served from the wind farm.101   

To counter claims of property value loss, the wind industry cites a 2006 study which 

shows no impact on property values from visibility of a constructed 20-turbine wind farm.  The 

author, an environmental scientist graduate student, analyzed 280 arms-length residential 

home sales within 5 miles of the wind farm occurring between 1996 and 2005.  He concludes 

that the lack of impact was due to wind farms “fitting the community’s ‘sense of place;’” 

payments “balanced” any adverse impacts; a well-respected landowner / proponent swayed 

others; and “possibly residents swapped local impacts for global benefits.”  However, the study 

does not include sales less than 4,000 feet from the windmills.  It does not include any data on 

whether there were homes closer that did not sell.  And of his 280 sales, only 43 had sold after 

the project started.102 

The wind industry has referenced a 2007 British study of 919 home sales within 5 miles 

of a wind farm that found no impact from wind turbines on property value.103   However, the 

turbines’ maximum height was just over a third (124ft) of turbines being currently built.  

Additionally, the study omitted whether any of the sales could see the turbines.  All distance 

zones and rural and town properties were combined together without differentiation.  There 

was no before-and-after analysis of sale prices.104  When interviewing general land agents, the 

study found 60% said that nearby wind farms would decrease property values in the view shed.  
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And 67% believed property value depreciation starts at the planning stages and lessen with 

time.105   

In Kewaunee, Wisconsin, a 2007 study paid for by Invenergy, LLC – a wind farm 

developer – found no measurable difference in home values in the target areas close to the 

wind farms and the control areas outside of the wind farm vicinity. It found the same for a case 

study in Mendota, Illinois.106  

However, even the possibility of a wind farm may have a more significant impact than 

the actual presence of one.  In Michigan, a real estate agent lost a large vineyard sale because a 

proposed wind farm was seen as a detriment to potential buyers.107   Wind farms in the UK are 

purposely avoiding populated areas in order to mitigate property value-based opposition.108 

In 2006, concerned about the impact wind turbines may have on local property values, 

two members of the Centerville Township in Michigan conducted their own literature review of 

four available studies on the subject.  The township committee concluded that the presence of 

wind turbine generators near residential houses causes property values to decline.109  They 

concluded that the amount of negative impact is as high as $25,000 per property.  In their 

words, “This is common sense, and there are no serious scholarly studies that support an 

opposite conclusion.”   

They found that large wind turbines can affect neighboring property values due to noise, 

health effects and visual impacts on residents. Some homes have been reported as “not 

salable” because of their proximity to wind turbines.  Further impact on property values 

depends on location.  These adverse impacts on property values may not exist in agricultural 

areas that have huge farms.  If land is being sold as fertile farmland, then the presence (or 

absence) of a nearby wind turbine is probably irrelevant. If there is a chance that a future wind 

turbine might be placed on the property, a potential buyer might think the land was slightly 

more valuable.110  

Though having a wind turbine on a property may create an income stream and thus 

increase a property’s production value, it does not necessarily result in increased market 

value.111  The wind turbine lessee incurs a higher property tax and receives annual rent for 

signing the lease/easement. The other landholders find their property values decreased, and 

they receive nothing.112  Real Estate brokers in rural areas confirm that property values in wind 

farm areas are 10-30% less than similar properties outside of wind farm areas.113   

View adds value to rural property.  Take away the view, and you take away the value.114  

Homes with a turbine within 300 feet can suffer reduced property values of up to 10%.  Noise, 

blinking lights, glare from the blades and vibrations all play a role in devaluation.115  The value 

of a farmhouse may be affected by as much as 30% if it is in close proximity to a wind 

turbine.116  In 2001 a British judge found that the noise, visual intrusion and flickering of a 

turbine a little over 1,800 feet away from a property negatively impacted local properties by 

20%.  According to the judge, “It is an incursion into the countryside.  It ruins the peace.”117  

Agents in Britain, Australia and the U.S.A. agree.  They have found it nearly impossible to sell 

properties next to wind farms unless they discount it 20-30%.118  “To me, it is absolute common 

sense that if you put up huge industrial structures in an exceptionally beautiful area, property 

prices are going to suffer,” said British real estate agent, Kyle Blue.119  
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A 2004 realtor study around Nantucket Sound found that 49% of realtors expect 

property values to fall in proximity to a wind farm.120  Two studies conducted in Nantucket, 

Massachusetts found that a 130-turbine offshore wind farm would drive enough visitors away 

to see a loss of up to 2,500 tourism-related jobs.  They also found that inland property values 

would decline 4.6% while the waterfront properties suffer nearly 11% diminution for a total loss 

of $8 million in yearly tax revenue.121 

In 2005, a successful Maryland realtor named Russell Bounds testified before the 

Maryland Public Service Commission as to the effect wind farms have on property values.  In his 

experience he found that combining an area of natural beauty with industrial development like 

a wind farm will negatively impact its desirability.  “It is not only devalued,” Bounds said, “but 

the property may also be rendered unsaleable.”122   

Bounds further testified that property values up to a mile from the turbines will be 

negatively impacted.  Beyond a mile the visual impact may still diminish property value.  Closer 

to the turbines, the visual and the noise impact will substantially diminish special attributes of a 

property including scenic view, natural setting and peace and quiet. 123  

The impact of a wind turbine close to a property “takes a property of substantial value 

and takes away all of the characteristics that are the strengths of that property,” Bounds said. 

“The visual impact takes away value. The noise takes away value. The property owners 

complain that the wind turbines take away value and there is no way for them to escape.”124 

In Maryland, a wind farm developer demonstrated the diminution of value when it 

bought two abutting properties to their wind farm and were unable to sell them for close to 

their purchase price.  They bought one property for $104,447.50 and sold it for $65,000. They 

bought another property for $101,049.00 and shortly thereafter sold it for only $20,000.125 

Studies have shown that fear of wind farms can negatively affect purchase prices.  In his 

February 2009 study, “Impact of Wind Turbines on Market Value of Texas Rural Land,” 

Appraiser Derry Gardner studied 350 acres of premium ranch land that were put on the market 

for $2.1 million.  A prospective buyer agreed to the sale price but backed out when the seller 

disclosed a 27-turbine wind farm within a 1½ mile radius from the property.  The seller 

discounted the land by 25%, but the buyer still declined to purchase.  As of the study’s 

publication, after two years on the market there has been little interest in the property despite 

its other positive characteristics.126 

Independent studies have shown an average diminution of value up to -37% when the 

turbine is on the property; up to -26% average diminution for properties within 1,056 – 2,112 

feet of a turbine; and up to -25% average diminution for properties within 1.8 miles of turbines.  

Properties can also suffer an additional 15-25% diminution in value due to infrastructure 

construction (clearing, blasting, digging, etc.), high voltage transmission power lines (HVTL) to 

transport generated electricity, substations, additional traffic for servicing turbines and HVTLs, 

and additional roads.127  

Wind farms have the potential to impact local property values.128  As the number of 

houses near to, or with a view of the installation increases, the likelihood of aesthetic or 

economic objections seems to increase.129  To calm property owners, one township 

recommended that the wind farm developer provide property value assurances that are 

transferrable to subsequent owners of the wind facility.130  Developers may wish to consider 
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compensating the community in some fashion that benefits even non-participants, such as 

impact payments to the township.  Resulting benefits, such as reduced property taxes, may 

help to address concerns about inequities.131 

 

 

Noise 

 

Turbines make noise.  The amount of noise can change with atmospheric conditions, 

wind speed, temperature, and terrain.  Noise, particularly low frequency noise, travels not only 

seismically but also airborne over terrain.  Hills and valleys can create a megaphone effect that 

can directionalize, combine and intensify the sounds of multiple turbines.132,133  It can be 

noticeable for long distances in more remote areas with existing low ambient levels.134   At the 

turbine’s hub, the noise ranges from 100-105 dBA.  People can differentiate sounds up to 3 dBA 

above background levels. 135   

The wind industry has said that the windy nature of rural locations often masks the 

quiet nature of modern turbines, even for “the very few individuals” located close enough to 

hear it.136  However, turbine noise greatly affects people even a mile away, and low frequency 

noise can make people irritable.137  Industry advocates say little, if anything, about infrasound 

or low frequency noise. 

The environmental noise pollution from wind turbines built too close to dwellings 

causes serious discomfort and often health injury.  Oftentimes those affected did not object to 

the construction, accepting the developer’s assurances that noise would not be a problem.138   

A common argument in support of wind turbines is that their noise is at lower sound 

pressure levels than highways and roadways.  In contrast, a 2007 study found that noise 

annoyance associated with wind turbines hasn’t decreased because the absolute noise level 

they create is less important than the character of the noise produced.139  In other words, 

annoyance doesn’t depend so much on the volume of sound created, it depends on what it 

actually sounds like.   Wind turbines produce no constant tonality, making the creation of a 

noise standard challenging.140 

The main issue appears to be low frequency sound waves.  Two to three Hz can cause 

vomiting and other serious health issues.  Twelve Hz can cause hallucinations.141  Because of 

the deep foundations necessary to stabilize large wind turbines, LFN is transmitted down and 

throughout the contours of the land, often follows bedrock and even accelerates to emerge 

randomly miles from its origin.142  Audible noises and LFN vibrations should be considered in 

siting along with the potential additional noise caused by broken machinery such as a failed 

bearing.143   

 

 

Quality Of Life 

 

To many, turbines are visually distracting, out of place and threaten residents’ peace 

and quality of life.144  Strobing light and shadows affect feelings of peace and solitude.145  
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Turbines generate flicker and shadows that can distract nearby motorists.146  They also 

interfere with television signals, thus affecting the quality of life for nearby residents.147 

Turbine-generated noise has an adverse impact on quality of life and may adversely 

impact the health of those living nearby.  Research links noise to adverse health effects such as 

sleep deprivation and headaches. Sleep deprivation may lead to physiological effects such as a 

rise in cortisol levels – a sign of physiologic stress – as well as headaches, mood changes, and 

inability to concentrate. Initial research into the health impact of wind turbine noise (including 

the ‘visual noise’ of shadow flicker) reveals similar findings.148  

Even proximity to small wind farms can have a serious impact on nearby residents.  

Concerned about the potential effects of a 22-turbine wind farm near their town, the township 

of Lincoln, Illinois surveyed its residents in 2001 and found that, on average, 42% were 

bothered by blade flicker and noise, had been awakened by turbine sound, and had TV 

reception problems.  Nearby property owners also cited increased lightning activity, increased 

traffic hazards, annoyance at the tower’s blinking lights, emergence of strange symptoms, and 

fears of EMFs.  These tangible and intangible issues had an impact on the market value of 

nearby real estate.  Reluctance to live near the turbines dramatically increased with proximity.  

For example, 41% of residents would not build or buy a home within 2 miles of the turbines.  

Within a half mile, 61% would not build or buy a home.  And a quarter mile away from the 

turbines, 74% would not build or buy a home.149  Wind farm developers said property values 

wouldn’t suffer.  But the town zoning administrator did his own empirical research and found 

that sales within 1 mile of the windmills prior to their construction were 104% the assessed 

value, and properties selling in the same area after construction were at 78%.  Sales more than 

a mile away were at 105% the assessed value before and 87% after.  They also found several 

properties have taken much longer than normal to sell.150 

In New York, a landowner with a turbine on his property 2,000 feet from his house says 

the turbine rattles his windows, and he can hear some turbines a mile away in his house.  The 

wind company said the turbine noise wouldn’t exceed the sound of a refrigerator 900 feet 

away.  He was joined by two other neighbors with similar complaints.  They added that fellow 

neighbors in proximity to the turbines started experiencing seizures, anxiety attacks, learning 

disorders and other ailments once the turbines started running.  Neither he nor the other 

leaseholders nor the town has received any promised compensation because the turbines are 

not selling into the grid.  They were told the lights would be the softest available but they were 

instead much brighter than anticipated.151 

Several case studies conducted by the wind industry show that landowners care little 

about nearby wind farms.  In Oregon’s Stateline Project, a 127-turbine farm covering 15 square 

miles in 2001 only sparked concerns over wildlife protection.152  Southwest Minnesota has been 

building wind farms since 1995 ranging from 17 turbines to 143.  Very few issues were raised 

during the review and permitting process and only after being built have issues emerged 

regarding poor television reception in proximity to the farms, additional noise generated by 

loose pieces of material within the blade at low speeds; cleanup of materials associated with 

turbine or blade modifications; complaints about aesthetic detriment; and bird health issues.153 

In Highland County, Virginia, members of the rural mountain community fears that a 

proposed 19-turbine, 400-feet-tall-each project will blight their rural landscape and destroy the 
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area’s scenic beauty.  The wind farm developer claims the turbines can power 20k homes.  

Community response has been very negative.  Residents are afraid the turbines will kill tourism 

– their only industry – and negatively impact property values.154   

A proposed 67-tower wind farm near Delavan, Illinois sparked strong opinions among its 

affected community.  Supporters say it will bring additional property tax revenue, jobs and 

clean energy.  Its opponents say it will be an eyesore, a dangerous obstacle to crop dusters and 

would lower property values.  An acoustical engineer from Michigan testified that the turbines 

would create noise that could affect nearby residents.155 

In addition to landscape blight, many landowners are upset when the wind farms bring 

new transmission lines to transmit the wind energy to metro areas.  But utilities are generally 

dismissive of such concerns.  As the spokeswoman of Texas utility Oncor put it, “the importance 

of the transmission lines outweighs the aesthetic worries.”156 

In Europe, where wind farms have existed and operated for many years, many people 

do not want to be near them, especially in scenic areas.157 

 

 

Wind Energy Production 

 

Wind energy is gaining momentum in Wisconsin largely due to favorable geography, but 

it has its flaws.  A typical coal-fired generating plant produces 500-600 megawatts of electricity 

per hour.  Most wind turbines operate on average 30% of the time.158  Invenergy, LLC forecast 

that their 133 turbines would generate 200 megawatts per hour.159  However, the wind 

industry’s average production percentages show that Invenergy’s Forward Wind Farm in Fond 

du Lac and Dodge counties would generate 60 mWh (average).160  In order to equal a fossil-fuel 

power plant, Invenergy would have to increase its farm 8 to 10 times its original size.  A power 

plant typically covers a 40-acre footprint.  Invenergy’s wind farm covers a township. They would 

have to cover half a county to equal the output of one fossil-fueled power plant, and then only 

when the wind blows. 

To make up the difference when the wind stops blowing, traditional power plants have 

to be constantly on (or “spinning”) and generating reserve capacity equal to the maximum total 

power of wind turbines161 – ready at any moment to be “ramped up” to stabilize the grid.  This 

fluctuating backup system of spinning and ramping makes traditional power plants run 

inefficiently and increases fuel consumption (emissions).  Keeping the necessary additional 

reserve capacity, and factoring in ramping up and down, will increase the fuel consumption 

(emissions) at least 8-10% compared with the steady operation of traditional power stations.162   

Over 20 years of use in Europe, wind generated power has proven to be variable, 

unpredictable, uncontrollable and “routinely disappointing,” according to UK energy expert, 

David White.163  

In his 2007 study, “Calculating the Real Cost of Industrial Wind Power: An Information 

Update for Ontario Electricity Consumers,” Keith Stirling, MA, summarized the Washington 

D.C.-based National Research Council of the National Academies 2007 report on the 

environmental impacts of wind energy projects.  He summarizes their findings thusly, “Wind 

energy development will provide no reduction in emissions of sulfur and nitrogen oxides, the 
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pollutants responsible for acid rain and ground-level ozone. Regarding carbon dioxide, 

industrial wind turbines will offset national emissions by only 1.2-4.5% from the levels that 

otherwise would occur from electricity generation. [Most expert estimates are much lower 

however, usually around .0003%]. Wind power will not reduce carbon emissions of the U.S., but 

merely will slow the increase by a small amount.”164 

Even with generous government subsidies, wind energy is the highest cost option of 

available renewable energy sources.165  It becomes more expensive to consumers once 

required backup and additional infrastructure are factored in.  The high cost is caused by: A) the 

need to maintain backup generating reserve to cover times when the wind does not blow, B) 

the need to stabilize the grid when wind produces power that is not needed by current 

demand, and C) Government subsidization and tax benefits for the wind industry.166 

Wind-power increases the complexity of the transmission and distribution system, and it 

is therefore inevitable that transmission losses [often estimated at 10%] will increase because 

of the additional miles of power lines required, both factors increasing costs.167 

To help fund a new wind farm in Minnesota that will send its energy to Wisconsin, 

Alliant Energy proposes to raise electric and natural gas rates by 2010 – resulting in citizens 

having to pay nearly $9 more per month per household on their electric bill and $2.40 more per 

month per household on their gas bill.  The farm will include 122 turbines, 400-feet tall each 

with 130-foot blades.  As of July of 2009, Wisconsin citizen watchdog groups were criticizing 

Wisconsin’s Public Service Commission’s minimal review and questioning the project’s need.168 

In his introduction to his Environmentally Responsible Wind Power Act of 2005, U.S. 

Senator Lamar Alexander stated, "Wind produces puny amounts of high-cost unreliable 

power…Congress should not subsidize the destruction of the American landscape."169 

To promote wind energy, many government entities have not factored in the real 

emissions impact of matching both demand and wind output simultaneously.  As a result, many 

current policies incorrectly assume that CO2 emissions savings are guaranteed by the 

introduction of wind-power, and ignore wind power’s difficulties and costs.170  

Ireland’s Electricity Supply Board published evidence in 2004 showing that as the level of 

wind capacity increases, the CO2 emissions increase with the variation of wind-power 

output.171  Unlike natural gas or coal, wind energy cannot be physically stored on an industrial 

scale. Consequently, generation and demand have to be continuously balanced on the grid.  

Fossil-fuelled capacity operating as reserve and backup is required to accompany wind 

generation and stabilize supplies to the consumer.172  

Operating gas turbines by ramping up and down generates more CO2 per kWh of 

electrical generation than if the gas turbines were operated on the normal planned load. 

Dependent on the weather forecasts, it may be possible to shut down some capacity for brief 

periods, but this may frequently be for only a matter of hours. Fuel is then wastefully consumed 

and CO2 emitted as the plant is started up again, without any power being generated, before it 

is returned to load-bearing grid service.  Gas turbines are not made to handle frequent ramping 

and start-ups.  This not only increases the CO2 emissions, but also causes otherwise avoidable 

wear and tear, and so shortens the periods between overhauls, thereby adding to maintenance 

costs and eventually resulting in a 15% increase in electricity cost.173 
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Merging wind-generated power into the power system is more complex than simply 

shutting down traditional power plants whenever the wind blows.  The feed-in capacity can 

change frequently within a few hours.174,175   And half of the time, wind power in-feed is less 

than two-thirds of its annual average.176,177  Starting up and shutting down power plants may 

take minutes or hours, depending on the type of plant, while power may be needed in seconds.  

Unlike a conventional plant, wind output is not related to customer demand.  Maximum wind 

production may occur during low customer demand periods, or at times of peak demand there 

may be little or no wind-generated power.   

Canada knows all too well the irregular nature of wind.  In Ontario, Canada they found 

that wind output changes have shown one distinct pattern: winds tend to be calm when 

consumers need electricity most.  Northerners use the most electricity in summer – their 

weakest season for wind.  Although winter is the strongest season, on the coldest days, when 

people use the most power, wind output tends to be poorest. Over the typical day, wind output 

peaks around midnight and bottoms out around 8 a.m., contrary to daily consumption.178   

While Ontario’s new wind generation has reduced fossil fuel generation when wind 

output is available, the wind production pattern – output falls during the early morning – has 

offset this benefit by lowering the fuel efficiency of the flexible fossil generators used for 

ramping, increasing air emissions per unit of production, and increasing maintenance costs.179   

Ontario’s 2006 Energy Probe reviewed a 2004 German study of their grid reliability and 

found that the proposed tripling of wind capacity in Germany by 2020 is alone driving a need 

for quintupling generation reserve requirements.180  Wind power construction must be 

accompanied by almost equal construction of new conventional power plants, which will be 

used very nearly as much as if the wind turbines were not there.181,182 

Germany hosts approximately 11,000 turbines which provide 4.7% of Germany’s gross 

demand. Even then the electricity is sporadic because the wind blows when it likes, as it likes, 

and where it likes – which, unfortunately, is rarely in places where large quantities of power are 

required.183  Likewise, the Danes, long held as a prime example of wind energy in action, 

reported in 2004 that increased development of wind turbines did not reduce their CO2 

emissions.184 

The increased use of wind power in Germany has resulted in uncontrollable fluctuations 

in generation due to the random character of wind power feed-in.  This significantly increases 

the demands placed on the control balancing process and increases grid costs. Their massive 

increase of new wind farms in recent years has greatly increased their need for fossil-fueled 

reserve capacity. 185,186 

As wind power generating capacity increases, its ability to displace conventional sources 

decreases.  Wind power is essentially adding surplus capacity rather than replacing 

conventional plants.  One-third of the time, widespread wind power facilities in the U.K. (which 

boasts the best wind resource in Europe) would be producing at less than 14% of the turbines’ 

capacity.187,188  

Wind farms only provide electricity when the wind is strong enough but not too strong.  

As they suddenly provide electricity when the wind changes, the grid operator must match this 

changed supply of electricity to the existing demand. This is achieved by switching a power 

station to spinning standby mode so it can provide electricity when the wind changes again.  
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Spinning reserves provide no useful electricity and do not reduce emissions from power 

generation.189 

Promoters of wind energy routinely overstate environmental benefits.  They advocate 

that each kilowatt-hour (kWh) of electricity produced by a wind turbine displaces the same 

amount of fuel-use and emissions associated with a kWh of electricity produced by a fossil-fuel 

generating unit.  However, the saving of CO2 emissions is not proportional to the amount of 

fossil-fueled power that it displaces.  Necessary spinning reserve fossil-fired capacity emits 

more CO2/kWh than if the plant were optimized, thus offsetting much of the benefit of wind.190  

In addition to the assumption of kWh-per-kWh offsets, wind energy advocates often use 

outdated information about emissions when making their claims, not taking into account the 

difference made by newer, cleaner burning fossil fueled plants.191 

The more wind power capacity is in the grid, the lower percentage of traditional 

generation it can replace. A wind farm of 24,000 turbines with a generating capability of 48,000 

MW would replace just 2,000 MW of conventional generation, the equivalent to two medium-

sized coal stations.192 

The greater the distance between the source of generation and center of demand, the 

greater the losses during transmission.  Currently these losses are estimated at 10-15%.193  This 

is a problem since most wind turbines are in rural locations and far from the need. 

Even at 10,000 turbines across the country, the UK will still not be able to supply 15% of 

its energy through wind turbines by 2020.  Environmentalists say it’s necessary to stop Global 

Warming while others point out how thousands of more wind turbines will blight their land.194 

The high cost and low return of wind farms is acknowledged by the U.S. National 

Association of Attorney Generals.  In a 2008 presentation, they concluded that, despite being 

“green” wind farms are a high-cost alternative with a large footprint but small power output.195  

As we have seen from empirical research gleaned from a worldwide search, wind 

turbines produce very little electricity.196 They have a high capital cost,197 and poor capacity 

utilization.198  Why, then, is wind-power the beneficiary of such extensive support if it is 

incapable of providing consistent power to replace traditional power plants, does not achieve 

the CO2 reductions required, and causes cost increases in backup, maintenance and 

transmission, while at the same time discouraging investment in clean, firm generation 

capacity?199 

 

 

Wind Farms = Tax Havens 

 

In light of the technical limitations of wind turbines, it makes sense to ask why wind 

farms remain so popular.  Two factors seem to take precedence.  Firstly, the U.S. government is 

requiring states to provide a certain percentage of their energy with green energy solutions by 

2020.  Utilities have to find some alternative energy to invest in.  The second reason appears to 

be that utilities receive generous subsidies and tax incentives to build wind farms.  The tax 

breaks include federal and state accelerated depreciation, production tax credits, and reduced 

(or forgiven) property and sales taxes.200  
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Wind farms are very attractive to utilities looking to bury taxable income.  For example: 

A company proposing a new 300 megawatt wind farm costing $300,000,000 would be able to: 

1. Shelter approximately $132 million from federal income tax liability in the tax year 

when the project went into service, an additional $67.2 million in the second year, 

$40.3 million in the third year, and the remaining $60.5 million in the next 3 years 

because of generous accelerated depreciation allowed for wind farms.201 

2. Deduct an additional $14,191,200 per year for 10 years from its federal tax liability 

because of federal Production Tax Credits of $0.018 per kWh for all electricity 

produced.202 

3. Escape significant corporate income tax liability because the federal accelerated 

depreciation reduces taxable income.203   

4. Avoid most normal liabilities associated with other taxes including Business and 

Occupation taxes and property taxes.204  

The above federal and state tax breaks add up to a total of $325,434,600 for the first 10 

years.  The tax breaks for wind farm owners shift tax burdens to remaining taxpayers, further 

degrading expected local economic benefits.  The value of the tax breaks to the wind plant 

owner could easily exceed the owner’s income from the sale of electricity, particularly in the 

early years of the project.205 

Wind farms are heavily dependent upon large ratepayer and taxpayer subsidies and 

mandates to compete against conventional electrical power generation sources.206  Electricity 

sales contribute approximately 30% of a renewable station’s income, while the remaining 70% 

comes from indirect subsidy paid for by the consumer, whether they have elected for ‘green’ 

energy or not.207 

Since opposition to wind farms can lead to costly delays, some New York energy 

companies were found to be unethically influencing municipal officers to allow the 

development of develop wind farms.  As a result, New York’s Attorney General drafted a Wind 

Code of Ethics to publicize every aspect of future wind farms and restrict such companies from 

influencing officials.  Since there were no exiting ethical laws concerning the municipal officers, 

the Attorney General sought to rectify it with this work-around.208   However, the Code is 

voluntary, and signers are required to help fund a government agency whose job it is to 

regulate the signers.  The effectiveness of such a code is symbolic at best. 

 

 

Economic Impact 

 

How do wind farms impact local economies?  Industry advocates say wind farms will add 

jobs and tax revenues to local communities, while their opponents say their adverse impacts on 

property values, tourism and the environment effectively neutralize any perceived economic 

benefits.  Champaign County of Ohio estimated that a 100MW wind farm would yearly 

generate the tax dollar equivalent of 449 homes; and they estimated a 300MW farm would 

generate the tax dollar equivalent of 1,347 homes.  They anticipate significant positive local 

property tax impacts are possible – assuming they can tax and collect at local levels.209   



APPRAISAL GROUP ONE | Wind Turbine Impact Study 
60 

 

Unfortunately, wind farms contribute little to county property taxes.  In some states, 

wind energy producing equipment is exempt from property taxes, and taxable items may be 

limited to the foundation and tower structure.  Some developers also apply for additional local 

tax relief.210   

Additional tax revenues are frequently mentioned as a positive reason to build wind 

farms.211  General Electric, a major wind turbine manufacturer, claims that over the long term 

wind farms will add $250 million to the US Treasury.212   However, they acknowledge they will 

only begin to “pump money into the US Treasury” once the Production Tax Credits expire. 213  

PTCs are good for the first 10 years of a wind farm’s production.  They project 10 million metric 

tons per year of CO2 emissions avoided.214  They project creating thousands of short-term 

construction jobs with a long-term employment of 1,600 over 20 years or more of operation.215  

In contrast, the Township of Bethany, New York, found in 2007 that, beyond the temporary 

construction phase, wind farm projects have little to no significant job impact.216   

Despite potential benefits of wind farm projects, The Bacon Hill Institute – a public 

policy research group – studied a proposed wind farm in Nantucket Sound and found it failed 

the cost-benefit test recommended by the U.S. government for assessing large-scale projects.  

The wind farm developer stressed the value of wind power as a source of clean, renewable 

energy. But the study found that the overall economic costs of the project would exceed 

benefits by $211.8 million.  Without $241 million from state and federal subsidies, the project 

would not be financially viable.  And while the farm may generate some wind energy jobs, the 

impact on tourism would result in a net loss of 1,000 local jobs.217 

 Losing tourism is a major concern of any locale that depends on the allure of their land 

to attract visitors and support the economy.  The success of rural enterprises is inextricably 

linked with the maintenance and conservation of a healthy, attractive and irreplaceable rural 

appeal.218  Wind turbines are largely seen as a chief threat to such areas. 

Rural tourism is big business in the UK (worth appx. $26.7 billion) and supports up to 

800,000 jobs.  In a 2006 study, the UK’s Small Business Council examined the impact wind farms 

would have on small businesses – specifically those dependent on rural tourism.  They found 

that 75% of visitors say the quality of the landscape and countryside is the most important 

factor in choosing a destination. Between 47% and 75% of visitors felt that wind turbines 

damage the landscape quality. Of the three areas they studied, they found that 11% of visitors 

would avoid the first area, resulting in a loss of $48.5 million and 800 jobs.  Approximately 7% 

of visitors would not return to the second area, resulting in a loss of $117 million and 1,753 

jobs.  In the third area, just 5% would stay away, but its lost affluence would result in $668.5 

million lost along with 15,000 jobs. In some areas, 49% of all sectors of rural businesses 

experienced a negative impact.219 

In a separate tourist area of the UK, five wind farms are proposed totaling 71 turbines 

along 18 miles.  In a pilot survey of 1,500 visitors, the Council found that approximately 95% of 

the visitors said wind turbines would spoil their enjoyment of the landscape.  And this spoiling 

directly translates into less business from tourism and lost jobs.220 

They studied another tourist area in the UK, and found that two-thirds of local 

businesses said turbines are visually intrusive. While 54% thought wind turbines would increase 

their ‘green’ credentials, 27% believed it would still have a negative impact on the tourism 



APPRAISAL GROUP ONE | Wind Turbine Impact Study 
61 

 

industry by reducing visitor numbers.  After the details of the tower heights were revealed the 

next year, the 27% grew to 39% who felt the 400-foot-high turbines would make visitors stop 

visiting completely.221 

In North Devon, an area renowned for its beauty, a before-and-after survey was 

conducted to gauge visitors’ feelings toward possible wind farms.  Before details of their 300’ 

height were revealed, 34% were generally favorable and 66% unfavorable towards turbines. 

After the size and location of the turbine proposals was revealed, the number of ‘unfavorable’ 

visitors rose to 84%.  When asked if wind farms would affect their choice of holiday destination, 

less than 50% claimed that they would still choose North Devon. A further 39% said they would 

choose North Devon but subject to the size and location of the wind farms. Eleven percent 

would completely avoid North Devon. 

Scotland is also proposing wind farms, but a visitor survey found that 15% of visitors 

would not return if wind turbines are built – resulting in a potential loss of $133.7 million and 

3,750 jobs.222 

In Vermont, the state government wants green energy at the potential cost of impacting 

its natural beauty.223  But even in a prime location like on the top of a windy ridge, wind 

turbines sit idle 40% of the time.224,225   

Wind farms negatively impact pastoral beauty, thus severely damaging rural Vermont’s 

main industry: tourism.226  Tourists don’t want to pay to look at wind turbines, but wind 

supporters claim the turbines themselves will become an attraction and boost tourism.227  The 

wind industry tried making them attractions in the UK, and both failed.  In 1999, a visitors’ 

center was built in Norfolk, UK – then home to one of the largest turbines in the world.  It ran 

out of money and closed in 2002.  Then in 2001, a $9.1 million visitor center was built with 

hopes of attracting 150,000 annual visitors to its wind farm.  Despite opening to much publicity 

it attracted less than a tenth of projected visitors, and it went bankrupt.  Its CEO said, “Sadly, 

just like many eco-attractions, they’re not sustainable; there’s just not enough interest.”228 

 

 

Conclusion 

 

 After reviewing articles and studies on wind energy, wind turbines appear to have a 

negative impact on the property values, health, and quality of life of residents in close 

proximity.  Of the studies that found no impact on property value, nearly all were funded by 

wind farm developers or renewable energy advocacy groups.  Of the studies and reports 

showing property loss, the average negative effect is -20.7%.    

 It is equally reasonable to conclude that some residents in close proximity to wind 

turbines experience genuine negative health effects from Low Frequency Noise, infrasound and 

blade flicker.  Of the studies and reports cited, an average setback of little over a mile should 

significantly lessen detrimental health effects.  In addition to noise and flicker issues, disrupted 

TV and cell phone receptions contribute to negatively impact the quality of life for residents 

living in close proximity to wind turbines.  
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Will a wind turbine affect 
my property value?



WILL A WIND TURBINE ON MY PROPERTY
EFFECT  THE  MARKET  VALUE 

OF  MY  NEIGHBOR’S  PROPERTY?



WOULD YOU PAY THE  SAME PRICE  FOR THIS  
LAND 

AFTER WIND  FARM  AS  BEFORE WIND FARM? 

AFTER

BEFORE



Do you know how big 
they really are?



THIS IS HOW BIG THEY ARE!



When valuing real property, first determine the property 
rights to be appraised;  the most complete form
of ownership is “title in fee” or  FEE  SIMPLE  

INTEREST

Most complete form of ownership

Unencumbered by any other interest or estate

Only subject to limitations imposed by the 

government

(taxation, eminent domain, police power, escheat)





• Ownership of a 
fee simple 
interest = 
ownership of  the 
complete bundle 
of rights; 

• Each right 
represents a 
partial interest in 
the whole



BUNDLE OF RIGHTS 

Real property ownership includes a bundle of 
rights – each with a value: 
right to sell/lease/mortgage an interest
right to occupy the property
right to convey
right to do nothing at all
unlike mineral rights, Texas is UNDECIDED 
as to “wind rights” – can they be conveyed? 
can they be retained?



Market forces create  value; same market forces have a bearing on 
the 

HIGHEST AND BEST USE OF LAND

HIGEST AND BEST USE MEANS  THE USE OF THE PROPERTY THAT 

RESULTS IN THE HIGHTEST VALUE THAT  IS  ALSO:

LEGALLEGAL;   ;   REASONABLY PROBABLEREASONABLY PROBABLE;    PHYSICALLY POSSIBLE;     ;    PHYSICALLY POSSIBLE;     

AND AND 

FINANACIALLY FEASIBLEFINANACIALLY FEASIBLE

HIGEST AND BEST USE IS THE FOUNDATION HIGEST AND BEST USE IS THE FOUNDATION 

UPON UPON 

WHICH MARKET VALUE RESTSWHICH MARKET VALUE RESTS



IN THE  PAST  25  YEARS  THE  HIGHEST & BEST USE  OF  TEXAS  
RANGELAND HAS  CHANGED  

FROM  AG RICULTURAL  USE  TO  R ECREATIONAL  USE

TAYLOR COUNTY HUNTING 
(RECREATIONAL) LEASES  
BRING  $12.00 TO $18.00 
PER ACRE… COMPARED TO 
GRAZING LEASE S  BRING   
$2.50 TO $3.50 PER ACRE…

RECREATIONAL  USE  
INCLUDES:
HUNTING, FISHING, 
CAMPING, HIKING, , ETC…
WILDLIFE  RESOURCES & 
CONSERVATION, LIVE 
WATER, WEEKEND PLACE,  
PEACE & QUIET



DIRECT SALES COMPARISON APPROACH; 
MOST  WIDELY USED AND ACCEPTED 

APPROACH TO VALUEING RURAL PROPERTY

• Defined as an estimate of value of recent 
sales of similar property in the surrounding 
or competing areas  - as compared to the 
subject property



PROPERTY CHARACTERISTICS NECESSARY 
FOR THE COMPARISON  

Property rights conveyed
Financing of the purchase
Conditions of sale 
Market conditions over time
Mineral interests
Improvements
Size/Shape
Physical Characteristics
Live Water
Fencing
Location/Access 
Views



NOT COMPARABLE

RESIDENCE RURAL



PAIRED SALES ANALYSIS

Within the direct sales comparison approach 
- several techniques are used to quantify 
adjustments - most commonly used 
technique is that of paired sales: 

When two properties are in all other 
respects equal, a single difference can be 
measured to determine the difference in 
price between the two. 



TWO TRUCKS – BOTH FORDS; BOTH F-150; BOTH FOUR 
WHEEL DRIVE; BOTH 2009 MODELS – ONE DIFFERENCE 

LARIET PCKGE VS KING RANCH PCKGE

LARIAT
$36,000.00

KING RANCH
$45,000.00



COMPARING THESE TWO TRUCKS UNDER PAIRED 
SALES   TECHNIQUE: 

KING RANCH PCKGE 
CONTRIBUTES $9,000 IN 

VALUE 
OVER THE LARIAT PCKGE



PAIRED SALES TECHNIQUE 
is used in determining the value of : 

Undivided interests (multiple owners of   
property)    
Conservation easements 
Burned Property (due to wildfires, (due to wildfires, 
grassfires)grassfires)
Presence of Power Lines  & 
Transmission lines
Presence/ view shed of  wind turbines 
Other property conditions



WHAT WE KNOW ABOUT WIND TURBINES
common sense stuff

Up to 600’ feet tall 
constant noise
shadow/flicker
view shed effect -
turbines tower over horizon , 
changing the view 
construction ;
transmission  lines ;
substations
turbines forever change 
the aesthetics;  a more
industrial feeling 
loss of native wildlife  
habitat



Renewable Energy Policy Project (REPP)
May, 2003 

Findings: 
wind turbines will not diminish Property 
Values, but will enhance Property Values  

Flaws: 
1. funded by proponents of wind power
built in bias in conclusions…
2. methodology used lacks necessary 
variables for analysis…



VARIABLES NOT USED IN REPP

• Rising or falling market
• # of days from listing to sale
• Residential property; not rural property
• Did not take into account effect of noise, 

flickering, shadow
• Does not factor in distances….
• Possible change in Highest and Best Use

because of presence of wind turbine…



Appraisal Research Shows:

• A VIEW adds value to rural property
• Take view away – added value goes away
• Brokers in rural areas confirm that property 

values in areas of wind facilities are 10% -
30% less than property not in areas of wind 
facilities. 

• Wind energy development creates an 
income stream, increasing property’s 
production value; increased production value 
does not necessarily result in increased 
market value



Case Study One - 2007
• 350 acres in Erath County – top end ranch 

purchased for retirement homestead….
• 27 wind turbines within 1 ½ mile radius
• For sale for $2,100,000.00
• Prospective buyer agreed to sales price
• Disclosure of wind turbine project to buyer
• Buyer backed out of offer
• Seller agreed to 25% discount to Buyer
• Buyer declined discounted offer 
• Currently little interest in property in spite of other 

characteristics of property



Case Study Two - 2007
• Using paired sales analysis - Sales of Seven 

large tracts of rural land with varying 
proximity to wind turbines in Taylor 
County, Texas…. 

• Sales 1, 2, and 3 compared to Sales 4-7
• Sales occurred between 3-06 & 8-07
• No time adjustment
• Contributory value of improvements  

deducted from each sale
• All other characteristics considered similar



Wind turbine on the property

Sale 
Number

Wind Turbine Presence
(western Taylor County; 1700+ 
acres; 3 wind turbines on 
property; seller reserved “wind 
rights”)

Price/Acre Diminutio
n Value

One Turbines on property $850.00
Four No wind turbines in visual 

range
$1,290.00 34%

Five No wind turbines in visual 
range

$1,536.00 45%
Six No wind turbines in visual 

range
$1,200.00 29%

Seven No wind turbines in visual 
range

$1,416.00 40%



TURBINES ON PROPERTY
Diminution in value

29%-45%
37% average



Wind turbine within .2 - .4 miles

Sale 
Number

Wind Turbine Presence
(1,110+  acres ; Taylor County;  
2 wind turbines  in  within .2  &  
.4 miles

Price/Acre Diminutio
n Value

Two Turbines within .2 - .4 miles $1,000.00
Four No wind turbines in visual 

range
$1,290.00 22%

Five No wind turbines in visual 
range

$1,536.00 35%
Six No wind turbines in visual 

range
$1,200.00 17%

Seven No wind turbines in visual 
range

$1,416.00 29%



TURBINES WITHIN 
.2 - .4 MILES

Diminution in value is 17%- 35% 

26% Average



Wind turbine within  1.8 miles

Sale 
Number

Wind Turbine Presence
(550+ acres in Taylor County,  
1 turbine 1.8 miles away)

Price/Acre Diminutio
n Value

Three Turbines within 1.8 miles $1,016.00
Four No wind turbines in visual range $1,290.00 21%
Five No wind turbines in visual range $1,536.00 34%
Six No wind turbines in visual range $1,200.00 15%
Seven No wind turbines in visual range $1,416.00 28%



Diminution in value is 15%- 34% 

25% Average

TURBINES WITHIN 
1.8 MILES



Diminution in Value Summary

Turbines on property
Average 37%

Turbines within .2 -.4 miles
Average 26%

Turbines within 1.8 miles
Average 25% 



Possible Additional 
Diminution in Value

Additional 15% - 25% diminution 
In value of property due to the 

following: 



WIND TURBINE  
INFRASTRUCTU RE -



HIGH POWER TRANSMISSION LINE S



SUBSTATIONS



ADDITIONAL TRAFFIC FOR SERVICE OF 
WIND TURBINE AND POWER LINES



ADDITIONAL 
ROADS



Market Data and common 
sense tell us property values 
are negatively impacted by 
the presence of wind 
turbines. 



Consider & 
weigh impact 
on your 
property’s 
overall value 
when leasing 
for wind 
turbines…



THE BIG QUESTION

• Does increased income from 
wind turbine off set the 
potential decrease in market 
value?



IN  SOME SITUATIONS, IT 
WILL, IN  OTHERS  IT
WILL NOT…

MAKE AN INFORMED 
DECISION WITH A  VIEW TO
THE FUTURE OWNERSHIP OF 
THE  PRECIOUS  RESOURCE 
OF LAND…

THE  BIG  
ANSWER:



Studies Developed by:

• Gardner Appraisal Group, Inc.
• Austin Valuation Consultants
• Various real estate appraisers and brokers



This  report was prepared for a presentation given at the  South
Plains Agriculture Wind & Wildlife Conference, in Lubbock, Texas, 
dated February 13, 2009. The findings and conclusions contained 

herein are the exclusive property of Gardner Appraisal Group, Inc., 
and cannot be re-produced without the express written permission of 

Gardner Appraisal Group, Inc. 

Wildlife Conference, in Lubbock, Texas, dated February 13, 2009.
The findings and conclusions contained herein are the exclusive 

property of Gardner Appraisal Group, Inc., and cannot be re-
produced without the express written permission of Gardner 

Appraisal Group, Inc. 

The contents of this presentation are subject to the following conditions 
and to such other limiting conditions set for forth herein:

• information, estimates & opinions furnished to the authors of the 
presentation herein and relied upon in reaching the conclusions,
judgments or decisions contained herein, were obtained from sources 
considered reliable and believed to be true & correct.  However the 
authors herein assume no responsibility for the accuracy of said
sources. 
• the author’s expertise is in the valuation of real property. No 
responsibility is assumed for any detrimental conditions which may 
exist in the sales data, or for any studies or expertise required to 
discover same. 

GARDNER APPRAISAL GROUP, INC.
DERRY T. GARDNER

210-737-1321
www.gardnerappraisalgroup.com 



 



Wind Turbines are Hazardous to Human Health

Overview of The Problem: 

Wind turbines such as those currently being constructed in rural 
areas generate high levels of infrasound noise. This is very low 
frequency noise (sound waves of less than 20 cycles per second) 
that you cannot hear. Even though you cannot hear the sound, 
it is easily detected by the ear at the levels that are produced 
and can have effects on the body that profoundly disturb 
some individuals.  

The situation is somewhat similar to ultraviolet (UV) light and 
the eye. We cannot see ultraviolet light but we all understand that 

it can affect us profoundly, causing sunburn, photokeratitis (also known as snow blindness or welder's 
flash) and cataracts. For UV light, there are simple ways that the damaging effects can be avoided using 
sunscreens and eye protection.  

For infrasound exposure in your home, there is currently NO WAY TO PROTECT YOURSELF. 
Although double glazing and door seals will reduce the levels of the sounds you can hear, they have 
little influence on the infrasound level in the home. Infrasound is a slowly-changing pressure wave, that 
can only be blocked by completely sealing the house, making it completely airtight. The occupants 
would then slowly suffocate. 

The effects of wind turbine infrasound build up slowly on people. For most, there are no effects while in 
the vicinity of wind turbines for short periods (such as the workday) and when higher levels of other 
sounds (i.e. sound you can hear) are present. The problem arises when people try and sleep in their 
homes in the presence of wind turbine noise. The audible sounds are reduced by the house structure, 
so the room may be fairly quiet, but the sound becomes dominated by the infrasound that the person 
cannot hear. The infrasound is detected by the ear and has subtle influences on the body that we are only 
just beginning to understand. It can cause dysequilibrium (like sea-sickness, but not induced by 
movement), tinnitus, a sensation of fullness in the ear and worst of all, disturb sleep, probably by 
stimulation of subconscious neural pathways to the brain. People undergo repeated arousals from sleep 
(brief partial awakenings that are not remembered) and repeated awakenings when sleeping in such an 
environment that leave the individual stressed and unrefreshed. Sleep disturbance over a prolonged 
period is known to be extremely hazardous to health, causing mental changes, high blood pressure, 
diabetes and increased mortality.  

In many cases, these health effects have been significant enough to force people to abandon their homes. 
In a few cases the homes have been “bought out” by the wind turbine companies (and the owners 
typically "silenced" by non-disclosure agreements, otherwise known as "gag" orders), but in others the 
home is abandoned and is almost impossible to sell to another family. Properties located in the vicinity 
of wind turbines are now becoming unsaleable. Recent epidemiological studies suggest that significant 
disturbances of sleep and mental health occur for people living in homes up to 5 kilometers away from 
the wind turbines. This is because infrasound is capable of traveling greater distances than the sound you 
normally hear (which is why elephants and whales use it to communicate). 

The wind turbine companies and most politicians are turning a deaf ear to this problem, and continue 
to promulgate false and debunked arguments that no problem exists. In this collection of pages we 
consider in detail some of these issues in which we have scientific expertise.
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Specific Issues Considered:  

  Industrial Wind Turbines Generate Infrasound.  
  The Ear Detects Infrasound at Levels that are not Heard  
  Infrasounds you Cannot Hear Can Affect you.  
  Why Wind Turbine Sound Measurements using the dB(A) Scale (A-

weighted) are Misleading. 
  Why it is Difficult to Demonstrate the Infrasound Generated by Wind 

Turbines  
  550 Meter (or lower) Setbacks are Insane !  

 

Links to presentations, publications and other articles 

  Radio Interview about Wind Turbines and Infrasound with Dale 
Goldhawk, Zoomer Radio AM 740 Toronto, Nov 3, 2010 

  Presentation at the First International Symposium, THE 
GLOBAL WIND INDUSTRY AND ADVERSE HEALTH 
EFFECTS, Picton Ontario, October 29-31, 2010 

  Publication: Responses of the Ear to Low Frequency 
Sounds,Infrasound and Wind Turbines 

 NIDCD Website: Scientist Challenges the Conventional Wisdom 
That What You Can’t Hear Won't Hurt You  

 Radio Health Journal: Wind Farms: Is there a Health hazard? 
Interview with Reed Pence, August 1, 2010  

According to the American Wind Energy Association website 
(http://awea.org/pubs/factsheets/Wind_Turbines_and_Health.pdf, 11/2/2010), “The 
wind industry takes health concerns seriously. Any concern that wind turbines may 
impact someone negatively should be explored.” These statements appear difficult to 
reconcile with the absence of any consideration of the effects of infrasound from wind 
turbines on humans, and with the exclusion of infrasound components from wind 
turbine noise by the use of A-weighted sound measurements.  
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Industrial Wind Turbines Generate Infrasound. 
This is a recording of 20 seconds of wind turbine noise (provided by Rick James) in the vestibule of a house located 
1500' upwind of a wind turbine. The sound was recorded with a microphone capable of detecting sound frequencies as 
low as 1 Hz. Note that most recording systems (camcorders and camera systems used by TV stations) are NOT 
capable of detecting such low frequencies and do not represent the sound accurately. When this waveform is played by 
the computer you can hear the typical periodic swish of the blades rotating. 

 

 
 
Below is the same sound recording after the infrasound has been removed (by high-pass filtering at 20 Hz). So this 
wave shows the audible component of the noise that is present in the waveform above. Even though these two 
waveforms look very different, they sound exactly the same. This is the waveform that the sound systems in most 
cameras detects. It is apparent that in the unfiltered waveform above, the major component is an infrasound component 
that you cannot hear. 

 
 
Below is the same sound recording in which now the audible sound has been removed (by low-pass filtering at 20 Hz). 
This shows the infrasound that dominated the initial recording. Even though the amplitude of this waveform is large, 
you hear absolutely nothing when it is played back by the computer. This is because the computer speaker system is 
not capable of generating such low frequencies, and even if it did, you cannot hear such low frequencies. This does 
NOT mean that your ears do not detect it. The ears are quite capable of responding to such sounds but they appear to 
be canceled out of conscious hearing. This is probably so that you are not distracted from environmental sounds by 
internal low frequency sounds such as from your respiration and heartbeat.  

 
 
Also note that the biggest infrasound peaks (at 2 – 4 sec and 15 – 17 sec in waveforms 1 and 3) do not correspond to 
when the turbine sounds loudest (at 5 – 11 sec in waveform 2). It is impossible to judge the infrasound level from the 
sound that is heard. So measuring the audible sound generated by wind turbines (such as A-weighted sound 
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measurements) gives no indication of how much infrasound is present. This is analogous to having mustard and 
ketchup on a hamburger and trying to estimate the amount of mustard present by measuring the amount of ketchup. In 
order to know how much infrasound is present you have to measure the infrasound itself and not how loud the acoustic 
component of the sound is(e.g. A-weighted levels). 

Below are shown wind turbine noise presented as a spectrum (Van den Berg, 2004 (left) and Jung and Cheung 2008 
(right)). Both of these spectra show that most of the sound energy generated by wind turbines is in the infrasound 
range. 

 

 
 

 
The wind industry makes highly misleading claims about the infrasound content of wind turbine noise. “Renewable 
UK”, the website of the British Wind Energy Association (www.bwea.com, 10/28/2010) use this quotation from one 
of their consultants. 

 
“I can state quite categorically that there is no significant infrasound from current designs of wind turbines” 

 
The critical word in this statement is the word “significant”. Although most naïve readers reading the statement would 
conclude that wind turbines do not generate infrasound, nothing could be further from the truth. As shown above, 
these devices do generate high levels of infrasound. The term “significant” is used to cover the fact that although 
turbines DO generate infrasound, it is assumed by the writer to have no consequence as humans cannot hear the 
infrasound at the levels produced. This is based on the totally invalid assumption that you must “hear” infrasound in 
order for it to affect you. This is assumption is totally incorrect as discussed on other pages. Hearing is not the only 
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way that infrasound can affect you. The infrasound is transduced by the ear at levels well below those that are heard 
and can affect the body in a number of ways without being heard.  

 
Similarly, the reported quotation from Tom Gray of AWEA “Wind turbine noise is as loud as your refrigerator heard 
from the living room.” shows either a complete lack of understanding of the nature of wind turbine noise or an 
intentional misrepresentation of the true situation. Wind turbine noise is not comparable to the noise from a 
refrigerator. Refrigerators do not generate infrasound levels of over 90 dB at 1-2 Hz. IF THEY DID, NO ONE 
WOULD TOLERATE THEM IN THEIR HOUSES!! I challenge Tom Gray to allow an engineer to modify his home 
refrigerator so that it generates a similar low frequency sound to a wind turbine (let us say 95 dB SPL at 1-2 Hz) and 
see if he notices the difference. If he believes his own statements, this should not create any problems for him, because 
he won't be able to hear it.  
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The Ear Detects Infrasound at Levels that are 
not Heard. 

In humans an infrasonic tone at 5 Hz must be presented at approximately 109 dB SPL in 
order to be heard. In guinea pigs, measured hearing sensitivity to low frequency tones 
indicates their ears are approximately 10 dB LESS sensitive than the human, requiring 10 
dB higher sound levels. It can therefore be inferred that for a guinea pig, a 5 Hz tone would 
need to be presented at approximately 119 dB SPL in order to be heard.  

The graph below shows the amplitude of cochlear responses to 5 Hz tones in the guinea pig. 
These responses were recorded from an electrode inserted into scala media of the third 
cochlear turn. Responses were band-pass filtered around 5 Hz and in each case the responses 
to 20 stimulus presentations was averaged to reduce background noise. Using this 
methodology, it was found that consistent 5 Hz cochlear microphonic responses were 
recorded with sound levels down to 55 dB SPL, which is OVER 60 dB below the level that 
is heard by the guinea pig. This demonstrates that the mammalian inner ear responds well to 
infrasounds, even at levels well below those that are heard.  

 

 
 
The explanation for this difference is provided by the fact that the cochlear microphonic 
responses are generated by the outer hair cells (OHC) of the cochlea while hearing is 
mediated by the inner hair cells (IHC) of the cochlea. The sensory hairs of the OHC are 
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embedded in the gelatinous tectorial membrane so they respond to basilar membrane 
displacements. In contrast, the sensory hairs of the IHC do not contact the tectorial 
membrane but remain in the fluid filled subtectorial space. As a result, the two types of cell 
respond differently to low frequency stimuli  

 

While the OHC respond to displacement, the IHC respond to the velocity of the stimulus. 
This is illustrated below for 3 stimuli of different frequency at the same presentation level. 
The OHC would be stimulated equally by the 3 stimuli of equal displacement, while the IHC 
would be stimulated less by the the lower frequency stimulus, because the maximum 
velocity of the the stimulus is reduced as frequency decreases. For this reason, the IHC (and 
hearing) becomes less sensitive at lower frequencies, while OHC responses such as the 
cochlear microphonic are better maintained. 
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The figure below shows low frequency sound levels generated by wind turbines (blue, cyan) 
compared with human hearing sensitivity (purple) and also the sound level which elicits 
cochlear responses in guinea pigs. Human cochlear responses would be expected to occur 
with sounds at similar levels or lower than those in the guinea pig.  

 

 
 
It can be concluded that the ear responds to infrasonic sound stimuli at levels well below 
those that are heard. The infrasonic sounds generated by wind turbines are sufficient to 
stimulate the ear and elicit physiologic responses. 
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What you cannot hear CAN affect you. 
The American Wind Energy Association state that a scientific panel they sponsored 
concluded that : 

“Subaudible, low frequency sound and infrasound from wind turbines do not present a risk to human 
health.” 

The erroneous assumption made by this committee was that effects of low frequency sound 
can only be mediated through hearing, so that if infrasounds could not be heard then they 
could not possibly affect human physiology. 

Such an assumption is patently false when other sensory systems are considered.  

We know there are countless things we cannot TASTE that can harm us. From 
tetrodotoxin (puffer fish poison) to salmonella there are numerous examples of undetectable 
substances that can sicken or kill us. 

We know there are many things that we cannot SMELL that can harm us. The lethal 
dangers of breathing carbon monoxide or carbon dioxide are well established. 

We know there are things that we cannot SEE that can harm us. It is well established that 
ultraviolet light is invisible, yet it can make someone's life miserable, with skin burns and 
eye damage if they are exposed to excessive amounts.  

So, one wonders what was the scientific basis of the assumption that sounds that could not 
be heard could have no influence on the body.  

 
 

 
 
While the inner hair cells (IHC), which mediate hearing, are insensitive to infrasound the 
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outer hair cells (OHC) are stimulated by infrasound. In addition there may be multiple 
additional mechanisms that actively eliminate infrasounds from hearing. It has been shown 
that Type II afferent fibers connect groups of OHC in the cochlea to the cochlear nucleus, so 
their activity is represented at the brainstem level. The fact that we cannot hear infrasounds 
suggests that stimulation of these pathways does not give a conscious percept, and instead 
may even contribute to the exclusion of the perception of infrasounds. Nevertheless, 
activation of these afferent pathways could give rise to symptoms such as ear fullness or 
pressure, discomfort and could be involved in sleep disturbance.  

As this physiologic pathway between the OHC and the brain exists, the possibility of 
physiologic disturbances by inaudible sounds cannot be so easily dismissed. 

It should also be stressed that this is not the only pathway by which infrasound could affect 
the body. Responses of vestibular (e.g. saccular) receptors to acoustic infrasound have never 
been reported. In view of the known high sensitivity of vestibular hair cells to infrasonic 
frequencies, such a possibility cannot yet be excluded. Similarly, infrasound-induced 
alterations of ion transport and cochlear fluid status could give rise to physiologic 
disturbance following prolonged exposure. Many such mechanisms remain to be studied. 

So, we conclude that in view of the known physiology of the ear, the idea that sounds you 
cannot hear can have no effect on the body is simply preposterous. 
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Wind Turbine Sound Measurements. 
The majority of sound measurements presented to the public by the wind turbine industry are so-called 
“A-weighted” or dB A measurements.  

According to “RenewableUK”, the website of the British Wind Energy Association 
(http://www.bwea.com/ref/noise.html, 11/2/2010) “the noise from wind turbines is very low. Outside 
the nearest houses, which are at least 300 metres away, and more often further, the sound of a wind 
turbine generating electricity is likely to be about the same level as noise from a flowing stream about 
50-100 metres away or the noise of leaves rustling in a gentle breeze. This is similar to the sound level 
inside a typical living room with a gas fire switched on, or the reading room of a library or in an 
unoccupied, quiet, air-conditioned office.” They then state that the noise level from a wind farm at 
350m is typically 35-45 dB A. 

The problem with such measurements is that they totally ignore the large infrasound component 
of wind turbine noise, which is the component that “bothers the heck out of people”. 

The A-weighting curve corrects measurements according to the sensitivity of human hearing, de-
emphasising low frequency components for which the ear is insensitive. It is valid to use this 
correction if hearing the sound is the prime concern, but is not appropriate to use this approach when 
processes unrelated to hearing (such as whether a low frequency sound affects your ear) are being 
considered.  

 
 
 
 
The A-weighting 
curve is not by any 
means a “small 
correction”. At 1 
Hz (the dominant 
frequency of wind 
turbine noise) the 
correction amounts 
to over 140 dB, 
which is equivalent 
to dividing the 
measured voltage 
by over 25 million. 
If you take the 

quietest sound you can hear, and compare it with the sound of a 747 Jumbo jet flying 10 feet above 
your head under full power, then you may be approaching 140 dB. The point is that this is a massive 
correction. 

 
 
 
This figure shows 
the influence of A-
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weighting the wind 
turbine noise spectrum obtained by Van den Berg 2006. A-weighting completely deemphasizes the 
low frequency components as if they didn't exist.  

Because one of the main influences of wind turbine noise may be caused by the infrasound component 
of the noise, this manipulation has the effect of totally ignoring this potential source of the problem.  

The A-weighted spectrum does not take into account that other structures in the ear are more 
sensitive to infrasound and are affected to a greater degree than hearing.  

 
 
 
A-weighting wind turbine noise 
is equivalent to taking sunlight 
and considering only the visible 
portion of the spectrum, then 
concluding that sunlight is 
completely safe and there will 
be no adverse effects if you 
spend all day laying in the sun.  

 
 
We know this logic is not valid 
for sunlight and the same logic 
is just as invalid in justifying A-
weighted measurements of wind 
turbine noise.  

 

Once the 
sound has 
been A-
weighted 
(taking out 
all the 
infrasound 
component, 
the 
remaining 
peak is then 
about 40 
dB, 
representing 
the 40 dB A 
measure.  

Now the 
level is 
comparable 
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with “the rustling of leaves”. Comparing wind turbine noise with the “rustling of leaves” and the sound 
of a “flowing stream” is disingenuous at best. It may be what is heard BUT it is totally misleading 
because the noise from rustling leaves and flowing streams is NOT DOMINATED BY 
INFRASOUND. 

It is well established that infrasound does have effects on people. Indeed it bothers them intensely. So, 
to ignore this component of the noise is to ignore the major problem that this noise causes to people, 
by disturbing sleep and with subsequent damage to their health. 

 
 
 

A-weighted sound measurements are used to hide the 
known problem that exposure to the infrasound generated 

by wind turbines is bad for people's health. 
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Documenting Wind Turbine Sound 
 
 
Do you know why welders use a heavy 
mask? This picture doesn't show you. It is 
because the welding arc generates an intense 
amount of ultraviolet (UV) light. Even if the 
welder is just a little slow in covering his 
eyes with the mask, the UV light may be 
enough to cause welder's flash, which is sore, 
red, painful eyes. (I know, because it caught 
me once and it is a lesson you never forget). 

But you would never know that from this 
picture. Because the camera is insensitive to 
UV light and pictures cannot show what the 

real problem is.  

To identify the real problem you need a camera or other measurement system that is 
sensitive to UV light. 

 
 
Similarly, most systems used to record wind turbine noise are not sensitive to the 
“unheard” (equivalent to invisible) infrasound component. So when camcorder videos are 
posted on You-tube, or when news crews turn up to record a segment about wind turbine 
noise for the local news, their equipment is incapable of demonstrating the problem. 
Many types of microphone (such as moving coil types) are insensitive to infrasound. And if 
the microphone does detect it, the infrasound is often filtered out electrically so that it 
doesn't “saturate” the recording system. These devices are designed to reproduce the sounds 
you normally hear. They are not designed to reproduce the unusual infrasound component of 
wind turbine noise that you cannot hear. 

Even if the wind turbine sound was recorded with a condenser microphone and amplifier 
system capable of accurately reproducing the infrasound, it would still be hard to 
demonstrate this sound to people away from the wind turbines. Most speaker systems or 
headphones cannot generate infrasound adequately. It is possible that with headphones 
carefully sealed to the external ear canal, the sound could be replicated but at present there 
are no commercial systems available to do this.  

This means that it is very difficult to show people away from wind turbines (politicians, 
doctors, etc.) what the effects of the noise are. So it is important to be aware of this 
important limitation of present technology. The sounds you hear from recorded media do not 
represent the “real”, “complete” sound of a wind turbine. As in the picture above, such 
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recordings are missing what may be the most important component with regard to 
human health, which is the infrasound portion.  

Detailed documentation of wind turbine noise characteristics (such as unweighted sound 
spectra) under different wind and load conditions is, surprisingly, virtually absent from the 
scientific literature. There are a few publications in “obscure” journals that we cited in our 
publication. It is notable that there are no recent publications in the Acoustical Society of 
America (of which I am a member) that document the noise characteristics of wind turbines. 
One would think that no-one was interested in the topic ! Since many of these measurements 
are “proprietary data”, commissioned by wind turbine operators, the fact that they are not 
made public itself speaks volumes about the nature of this noise. 

Finally, visits to windfarms by politicians, neighbors-to-be and the like is easily subject to 
manipulation. It has been suggested that turbines may be set to “freewheel” during such 
visits (with minimal generator loading and blades orientated at a shallow angle to the wind) 
so that their noise generation is minimized. Any assessment or demonstration of wind 
turbine noise needs to be performed under normal functional conditions. The most 
appropriate monitoring of such noise should be through “dosimeters” recording noise levels 
within people's homes, 24 hours per day. This should include both A-weighted sound 
(representing the sound you can hear) and G-weighted sound levels (which represents the 
infrasound component). It is estimated that you can hear infrasound at about a 95 dB G 
levels, but the cells of the inner ear are stimulated by about 60 dB G. So dB G measurements 
of over 60 dB must be considered significant. Alternatively, wide band spectra (sensitive 
down to at least 1 Hz) could be measured.  
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550 Meter Setbacks are INSANE ! 
 
 

In a radio interview on 11/3/2010 with Dale Goldhawk on Zoomer Radio AM 740 Toronto, 
I made the statement that the 550 meter setback distance between wind turbines and people's 
homes was absolutely insane. I stand by that statement. 

It is often said that the definition of insanity is to do the same thing over and over and expect 
a different outcome. Engineers have known for years that low frequency sound disturbs 
people intensely. In a presentation given on Sept 9 in Birmingham, UK, Malcolm 
Swinbanks, an engineer with years of experience in infrasound issues presented data from 
his own work with gas turbine sounds in the 1980's, as well as NASA research showing that 
low frequency sounds disturbed people. He estimated that modern wind turbines are likely 
to influence about 10% of young adults. 

This was all known 20 years ago !!! 

So putting up wind turbines, which are known to generate infrasound, near peoples houses 
and to expect to NOT cause a problem in my view is the height of INSANITY. It is just 
generating more people with more problems. 

The problem is that in most cases, setback distances are not based on sound generation, or 
what sound levels are produced at nearby homes. Instead they are often based on safety 
aspects, so flying parts don't come through the roof when one of these machines falls over. 
These setbacks are typically much lower than those based on sound levels. So, two things 
have to change. First, setbacks must be based on SOUND levels, or the effects of that sound 
on the human population. And second, the sound level considered need to include G-
weighted or comparable measures of the INFRASOUND, bearing in mind that infrasound at 
approximately 60 dB G stimulates the inner ear. A-weighted (dB A) measurements totally 
ignore the infrasound component and thus ignore the documented infrasound problem. To 
persist in ignoring the infrasound component is just plain silly. Pretending it doesn't exist, 
won't make it go away. 
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I. INTRODUCTION 1 

Q:  Would you please summarize the testimony you are presenting? 2 

A: Yes.  My name is Richard R. James, and I have been asked to prepare comments on the 3 

setbacks under consideration by the PUC on behalf of Goodhue Wind Truth.   4 

For the past three years I have been working with local communities and citizens groups around 5 

the Midwest to address questions of how to integrate industrial wind turbines into rural 6 

communities. I would like to share with you my concerns about siting criteria for modern 7 

industrial scale wind turbines. 8 

Over the past two years I have visited sites throughout the Midwest from western Iowa to 9 

the coast of Maine and Ontario to West Virginia with wind turbines. I have also reviewed the 10 

noise criteria and setbacks proposed by States, Provinces and local government bodies for wind 11 

farms. I find three sections have a particular importance for my testimony. 12 

In my testimony, I focus on several points: 13 

First, setbacks, from property lines to the nearest turbine of 1500 feet are clearly 14 

inadequate.  Wind turbine noise is distinctively annoying.  The Environmental Report does not 15 

correctly or adequately describe the impact of the proposed project on the host community and 16 

the residents whose homes and properties are close to or within the footprint of the project.  17 

People living at distances up to 1 mile or further from wind turbines are experiencing adverse 18 

health effects from sleep disturbance at night and from other aspects of wind turbine sound 19 

emissions that are currently believed to be caused by vestibular disturbances from infra and low 20 

frequency sound. 21 

Second, background sound levels submitted on behalf of background sound levels  22 
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which include a ‘wind noise’ component result in a biased assessment of background sound 1 

levels.  Further, the original Background Sound studies do not adequately define the background 2 

sound levels and characteristics of wind turbine noise for purposes of making decisions on 3 

location with respect to homes and properties. 4 

Third, computer model estimates of operational sound levels from the proposed projects  5 

understate the impact of the turbines on the community. 6 

Fourth, information provided by AWA Goodhue Wind in their application and as 7 

Comments, Appendices, and Figures, and references to studies and opinion papers on topics of 8 

health risks, infra and low frequency noise, noise limits and setbacks,  background sounds in 9 

rural communitiesand computer modeling studies by Dr. Geoff Leventhal and others is 10 

misleading. Their assertions that there is no research supporting a causal link between wind 11 

turbine sound emissions at receiving properties and homes and health effects do not reflect 12 

current understanding of thresholds of perception and mechanisms whereby such perception can 13 

occur by experts who are not working for the wind industry. 14 

The combination of the above negative factors related to wind turbine noise emissions 15 

will result in sleep disturbance for a significant fraction of those who live within a mile away and 16 

chronic sleep disturbance results in serious health effects.   17 

The result of these technical flaws along with an outdated understanding of how the 18 

human body responds to acoustical energy previously considered to be below the threshold of 19 

perception leads to a conclusion that if the AWA Goodhue project, as proposed, is approved, it 20 

will, with a high degree of certainty, have negative noise impacts that are "significant." 21 

I have reviewed the application of AWA Goodhue Wind and the Draft Permit proposed 22 

by the Office of Energy Security. I have also given cursory review to the Applicant’s  prefiled 23 
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Comments, Appendices and Figures filed Friday, July 16, 2010, in particular the HDR report, 1 

and will have additional comments specific to those documents at the hearing.  My experience 2 

with industrial wind projects leads me to conclude that siting criteria more lenient than those 3 

recommended by WHO’s 40 dBA limit for avoiding health risks, such as the 45 to 55 dBA 4 

typically suggested by Applicants, and those used by the Minnesota Public Utilities Commission, 5 

will  result in a high level of community complaints of both noise pollution and nuisance. In 6 

addition, there is mounting evidence that for the more sensitive members of your community, 7 

especially children under six, people with pre-existing medical conditions, particularly diseases 8 

of the vestibular system, the organs of balance, and seniors will be likely to experience serious 9 

health risks. The Minnesota Public Utilities Commission reviews Large Wind Energy 10 

Conversion Systems on a case by case basis and often attach conditions to permits.  I will 11 

propose conditions in modification of the Draft Permit that would help alleviate these problems. 12 

 II.  BACKGROUND AND C.V. 13 

Q:  What is your professional background and training? 14 

A:  I am a noise control consultant and an acoustical consultant, and I have been since 1971. 15 

I have a background in mechanical engineering. My Degree is from General Motors Institute, 16 

which is an accredited engineering college.  As background, when I was going to college, that 17 

was at the ime when the EPA and a lot of the other noise issues were coming to a head. General 18 

Motors wanted to educate a limited number of engineers in the necessary issues, and that was the 19 

curriculum that I took. There were about ten of us. I graduated in 1971, with a Bachelor's 20 

in Mechanical Engineering with a focus on noise control engineering.  Please see my C.V. 21 

attached. 22 
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 Since 1973. after about six (6) years working for Chevrolet as Noise Control Engineer, I 1 

left GM to form my own company, Total Environmental Systems. Later, my partner in the first 2 

firm and I changed the name to James, Anderson and Associates, Inc. Currently, I'm working as 3 

an independent consultant under the name E-coustic Solutions. 4 

Q:  Do you have any teaching experience? 5 

A:  For the last 20 years or so, I have been teaching both at Michigan State University in their 6 

Speech and Communicative Disorders Department on the issues of noise and how it relates to 7 

speech Sciences. I've also taught at General Motors University.   There, Itaught noise control and 8 

safety and health issues to almost all of my clients’ Health and Safety Engineers. Noise control 9 

relating both to community noise issues and in-plant noise issues.  Also have been an instructor 10 

for the American Industrial Hygiene Association, Michigan Department of Public Health, and a 11 

number of other groups on the issues of noise. 12 

Q: You use the abbreviation “INCE” after your name.  What does that mean? 13 

A: Institute of Noise Control Engineer 14 

Q.   On how many occasions have you testified as an expert in administrative hearings 15 

concerning noise? 16 

A.  I have testified in over 15 administrative hearings as an expert in acoustical engineering 17 

on behalf of such companies as General Motors, Ford, and Chrysler held by the Occupational 18 

Safety and Health Administration.  The purpose of my testimony in these cases was directed 19 

towards the limits of feasibility of engineering controls and to establish that my clients were 20 

taking the necessary administrative and medical/safety precautions to protect their employees 21 

from the adverse health effects of occupational noise exposure.  I have also testified in 22 

approximately 10 to 12 administrative hearings considering applications by wind power 23 
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companies to install wind powered electrical generating utilities.  The subject matter of my 1 

testimony in these cases was to review and comment upon the noise studies conducted on behalf 2 

of the wind developer by its acoustical consultants, to present my research and recommendations 3 

for whether the wind project would result in nighttime sleep disturbance and other adverse health 4 

effects from the turbine’s noise emissions, and to state my recommendations for criteria that 5 

would limit wind turbine noise to a level that would not be likely to cause adverse health effects.   6 

Q: Are you a medical doctor?  7 

A: I am not a medical doctor.  Acoustical engineers must understand enough to read and use 8 

medical research related to noise and health, but that does not make us medical doctors.  That is 9 

why I review these issues with other Doctors, such as Doctors Nina Pierpont, Robert McMurtry, 10 

Michael Nissenbaum, Jerry Punch, and Alec Salt, to determine what a medical doctor would 11 

understand about the health impacts of noise issues related to wind turbines.  Because I am not a 12 

medical doctor, I rely on the international standards and other 13 

international documents from groups such as the World Health Organization.  This is common in 14 

my profession, for example, Dr.Geoff Leventhall, who is often quoted on health issues related to 15 

wind turbines on behalf of the wind industry, has no more medical training than do I! 16 

Q:  What work experience do you have with noise-related issues? 17 

A:  I have focused on noise and health since 1971.  As President of James, Anderson & 18 

Assoc., we were the tier one supplier of noise control engineer services for General Motors, John 19 

Deere, Navistar….. almost all of the large companies. We did all of their noise work, including 20 

all their community noise work for the period from about 1976 forward to the present.  I have 21 

been involved in a lot of issues, siting of new plants, doing the studies to identify whether 22 

communities are compatible, and I also started out with a very strong interest in computer 23 
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modeling, which has been applied to my clients’ project. During some peak periods, we had a 1 

staff of 45 working on only noise related issues for our client’s facilities not only in the U.S. but 2 

also in Canada and Mexico. 3 

Q: Please tell us about your computer noise-modeling experience? 4 

A: When I was a young engineer, computers were not yet one of the tools that we used for 5 

applied engineering. They were research tools, but I saw their use in modeling as an opportunity 6 

to apply them to practical problems.   My graduation thesis was on the formulas and methods 7 

that are used for computer modeling for industrial facilities. At that time there were no standards, 8 

so we really had to rely on some very preliminary work.  Models I developed were used in 9 

federal hearings on engineering feasibility of noise controls in 1976, in OSHA and EPA cases, 10 

and in the design of many manufacturing facilities.   I have continued my interests on uses for 11 

computers for in-plant modeling and community noise modeling throughout my career. 12 

Q:   Have you ever been retained to evaluate and testify regarding noise and health 13 

related issues associated with wind turbines? 14 

A:   Since 2005, I have worked almost exclusively on wind turbines. In addition to working 15 

for community groups such as Goodhue Wind Truth, I've also worked with the Herron Zoning 16 

Board, Calumet Zoning Board, and a number of other communities around the country for 17 

setting up guidelines for the wind turbines.  I'm also involved in about five cases in litigation at 18 

this point as the expert for the community.  19 

Q: Have you written any articles regarding wind related noise issues? 20 

A: Yes, I have written and co-written a number of articles.  One in particular stands out – an 21 

article that I have written was co-written with one of my partners, George W. Kamperman. 22 

George Kamperman is the father of the Illinois EPA noise criteria. He was the person who 23 
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helped establish those criterion, and he has monitored them over the years. He has been 1 

practicing since 1952. At this time he's in semi-retirement. 2 

Some time ago, he and I were talking about the confusion in the industry and the fact that 3 

almost all the articles that we saw were coming from only one side of the argument. At that time, 4 

we decided that we should present an overview and conclusions of the field, and to do that, we 5 

would do a review of all of the literature and data that we could get our hands on, everything, 6 

basically, on noise studies, before and after studies, what's good, what's bad about turbines, 7 

health issues, and so forth.   Then, based upon our combined almost 80 years of experience, we 8 

planned to sort that out into a set of guidelines the communities could use that would allow them 9 

to site wind turbines without having the problems we see in the different parts of the United 10 

States at this time.  Exhibit RJ-02, The “how to” guide to siting wind turbines to prevent health 11 

risks from sound, George W. Kamperman, P.E., and Richard R. James, INCE, October, 2008. 12 

This paper was first presented in Detroit at a meeting and has since been published.  We 13 

have essentially completed a review of primary scientific studies and anecdotal information, 14 

categorized and analyzed it and drawn our conclusions as to what it really means. 15 

Q:  In your professional work, have you had an opportunity to discuss certain health 16 

related issues with Dr. Nina Pierpont? 17 

A: Yes, I have. 18 

Q: Why is Dr. Pierpont’s work important to you? 19 

A: In our work, we found it important to get right to the sources of a lot of the 20 

information, so, yes, I've carried on a number of discussions with Dr. Pierpont, and she has 21 

shared some of her insights with us.  Her work coincides and overlaps with ours and 22 

what her study is finding is that we do have a valid concern about health related to 23 
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improperly sited wind turbines -- and please note, we are referring to improperly sited wind 1 

turbines.   I relied on her work, in part, for my testimony today. 2 

One of the things that Dr. Pierpont noted is that all of her studies are for the newer 3 

models of wind turbines. A lot of the questions raised are asking why aren't we having problems 4 

in the other countries; and the answer is that other countries are using smaller wind turbines in 5 

many cases. But where they have put in the larger wind turbines, those problems are 6 

cropping up there, overseas, as well. 7 

Q:  Did you rely on Dr. Pierpont's studies and information in forming your conclusions 8 

with respect to the paper that you have recently authored? 9 

A  Yes, in part.  Her studies and information were helpful in confirming aspects of our work 10 

and conclusions, and we put in a cautionary statement that that is still preliminary. There is 11 

plenty of scientific and health evidence already from the World Health Organization, and other 12 

studies not specific to wind turbines but specific to noise sources, that they can cause 13 

disturbances with sleep, that they do have an impact on health, not just a psychological impact,  14 

it's physiological changes as a result of long-term sleep deprivation. 15 

Those symptoms and impacts of noise are well-recognized within the field whether it be 16 

railroad yards, airports, just about any type of noise sources. If the noise is such that it can wake 17 

people up, it does have a physiological effect. The bulk of the study put the weight on that 18 

because it is peer reviewed and is well established and is used by people all around the world in 19 

making the decision for land use planning with regard to noise sources. 20 

Q: Have you published anything else recently? 21 

A: Yes, recently I co-authored an article for Audiology today with Jerry Punch, Ph.D. Aud. 22 

Of  MSU’s Department of Communicative Science and Disorders.  See attached Exhibit RJ-03. 23 
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I participated in writing the Society for Wind Vigilance issued in January.  Exhibit RJ-04, Wind 1 

Energy Industry Acknowledgement of Adverse Health Effects, Part I & Part 2 (detailed 2 

analysis), January 2010. 3 

Q: Are there any additional studies that you have relied on in drafting this testimony? 4 

A: There are many important studies, some referenced specifically within or at the end of 5 

this testimony, and others referenced here.  Ones particularly important in my review of the 6 

AWA Goodhue wind project are Exhibits RJ-05 – RJ-16: 7 

• Exhibit RJ-05 - Low frequency noise from large wind turbines, Henrik Moller & 8 
Christian Sejer Pederson, June 11, 2010 (+ original in Danish) 9 

 10 
• Exhibit RJ-06 - Research Plans for Improving Understanding of Effects of Very Low-11 

Frequency Noise of Heavy Lift Rotorcraft, Fidell, Horonjeff, Schmitz, NASA, February 12 
2010. 13 

 14 
• Exhibit RJ-07 - Wind Turbine Acoustics, Hubbard, Shepherd, NASA December 1990 15 

 16 
• Exhibit RJ-08 - Application of Ray Theory to Propagation of Low Frequency Noise from 17 

Wind Turbines, NASA, July 1987 18 
 19 

• Exhibit RJ-09 - Potential Health Impact of Wind Turbines, CMOH Report, May 2010 20 
 21 

• Exhibit RJ-10 - Summary of Recent Research on Adverse Health Effects of Wind 22 
Turbines, Sterling with Krogh, October 2009 23 

 24 
• Exhibit RJ-11 - Measurement and sound quality issues concerning low-frequency noise, 25 

Bray, October 2007 26 
 27 

• Exhibit RJ-12 - Comments of Swinbanks on AWEA/CANWEA White Paper “Wind 28 
Turbine Sound & Health Effects”  April 14, 2010 29 

 30 
• Exhibit RJ-13 -Rebuttal of MJWagner’s statement to Huron County Planning 31 

Commission, April 14, 2010 32 
 33 

• Exhibit RJ-14 - Swinbanks Comments to MPSC on Setbacks & Noise, December 9, 34 
2009 (for PSC-MI docket U-15899) 35 

 36 
• Exhibit RJ-15 - CV of Dr. Swinbanks 37 

 38 



 11 

• Exhibit RJ-16 - An Analysis of the Epidemiology and Related Evidence on the Health 1 
Effects of Wind Turbines on Local Residents, Carl Phillips, July 3, 2010 (for PSC-WI 2 
docket 1-AC-231) 3 

 4 
Q:  Have you reviewed the application presented by AWA Goodhue Wind? 5 

A: Yes, I have reviewed the Amended Application, filed on October 19, 2009, and in 6 

particular, the noise section found on page 25-28.  I have also reviewed their July 16, 2010 7 

filings, in particular, the new map, and the HDR and Exponent reports. 8 

Q: Have you reviewed a site map? 9 

A: Yes, but I have not seen the most detailed version.  The map filed was labeled “Trade 10 

Secret” and neither my clients nor myself have any idea what is presented on this map.  Because 11 

of the substantive errors on the previous map filed, we need to review the “Trade Secret” map to 12 

be able to fairly comment on this project. 13 

Q: Are you familiar with the Minnesota Pollution Control Noise Standards? 14 

A: Yes, I have reviewed Minnesota’s Noise Standards, Minn. R. Ch. 7030. 1 15 

Q  Would you please comment on these rules? 16 

A: The permitted sound levels for Class 1 property are not sufficiently restrictive to protect 17 

rural properties.  These day and night limits are for urban and suburban communities where there 18 

is “urban hum” from distant manmade activities.  The standards also focus only on dBA limits.  19 

This might work acceptably well for common urban and suburban community noise sources, but 20 

it does not work for wind turbines in rural communities.  Minimally, the daytime limits should  21 

be an LA50 of 35dBA and at night an LA50 limit of  25 would more appropriately  reflect and 22 

protect the extremely quiet nature of rural communities, especially at night.  In no case should 23 

the average sound level be permitted to exceed 40dBA (Leq) at night since that is the threshold 24 

for adverse health effects set by WHO in their new 2007-2009 Nighttime Noise Guidelines.  25 
                                                 
1 Online at www.revisor.mn.gov/rules/?id=7030 
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Exhibit RJ-17, WHO 2007/2009 Night Noise Guidelines, excerpt.  Further, dBC limits are 1 

needed for wind turbines because they are predominantly emitters of infra and low frequency 2 

sound which is not measured when using A-Weighting.  See Exhibit RJ-03, The “how to” guide 3 

to siting wind turbines to prevent health risks from sound, for our recommended nighttime dBC 4 

limits; see also Exhibit RJ-19, Proposed criteria in residential communities for low-frequency 5 

noise emissions from industrial sources, Hessler, 2004.(on criteria for gas turbine plants in rural 6 

areas).  In our siting paper, we are more restrictive than Hessler, who works for the utilities so he 7 

may want more lenient standards, but even his lenient limits are better than no limits.   8 

Kamperman/James set the limits at this point to reflect the very quiet nature of rural areas.  Note 9 

that George Hessler’s table of limits in his paper references L90 of 40dB.  Since the rural 10 

nighttime noise levels in communities like Goodhue are 20 to 25 dB, we felt it was appropriate to 11 

use limits lower than Hessler. 12 

Q: Do these rules adequately address wind turbine noise? 13 

A: The limits set in the Minnesota Pollution Control Agency rules are questionable. As I 14 

noted above, they really apply more for a suburban environment. When the standards were 15 

written they were never intended to apply to very rural areas like Goodhue County and wind 16 

turbines were not an issue. The standards are what they are, but at this time there is a serious 17 

question as to whether they're really applicable for rural community wind turbine siting and 18 

whether they will protect that community in the way that the standard was intended to be 19 

protective.  Based on my research, these rules require updating, because they do not address the 20 

different weighting scales necessary for measuring different types of noise, in particular, the 21 

types of noise made by wind turbines. 22 

Q:  How are these standards used? 23 
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A: One point, the standards were intended to be accessed by use of a sound level meter.  1 

However, they were not -- they were not designable standards, so-to-speak.  Instead, they were 2 

standards used to propose tests for enforcement after a company has built a new facility. This 3 

might be a factory, or a wind turbine. And I think that leads to some very serious concerns about 4 

the report because what we see here is the use of computer modeling to replace measurement.  5 

Models may predict something is acceptable while measurements and/or community response to 6 

the project do not. 7 

The result of these technical flaws along with an outdated understanding of how the 8 

human body responds to acoustical energy previously considered to be below the threshold of 9 

perception leads to a conclusion that if the AWA Goodhue project, as proposed, is approved, it 10 

will, with a high degree of certainty, have negative noise impacts that are "significant." 11 

In preparation for this testimony, the materials provided by the Applicant have been reviewed.  12 

This includes the background noise study and computer model estimates of operating sound 13 

levels prepared by HDR, submitted July 16, 2010, and other supplemental materials by others. 14 

Q: Have you noticed similarities between AWA Goodhue’s plan and others? 15 

There is considerable similarity between AWA Goodhue's documents, and similar 16 

documents filed in other states on behalf of wind utility developers requesting permits for their 17 

projects.  The arguments presented in these documents appear on the surface to be well-crafted 18 

technical statements regarding wind turbine noise, community and land-use compatibility, and 19 

public health risks.  However, despite the similarities in presentation, methodologies, and 20 

conclusions between the various authors in these documents there are serious flaws in the 21 

arguments and information used to support those conclusions.  These studies present one-sided 22 
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information to support the development of wind utilities in locations where people will be 1 

expected to live within 1000 to 1500 feet of industrial scale wind turbines.   2 

It is the goal and focus of my testimony to present an expert analysis and critical review, 3 

and to provide the Minnesota Public Utilities Commission with the references to foundational 4 

research, papers, and presentations needed to understand that what is not disclosed in the wind 5 

utility application reports and supporting documents is critical.  Given the opportunity for the 6 

Public Utilities Commission to review the information provided in this report and its attached 7 

references, it is hoped that the Commission will understand why wind utility projects from Iowa 8 

to Maine, Ontario to West Virginia are now the locus of numerous complaints and lawsuits.  9 

These complaints and lawsuits detail the problems experienced with wind turbines causing sleep 10 

disturbance, adverse health effects, and other related problems.  At the time of these problematic 11 

projects’ permit applications, the developer for each of these projects assured the permitting 12 

agency that none of these problems would occur.  This report is intended to provide information 13 

such that the Public Utilities Commission will not find itself permitting similar problematic 14 

situations. 15 

Q:  Have you reviewed the proposed project footprint and sound contours? 16 

A: Yes. The Applicants Setback Map, Figure 3, on the next page, was filed July 16, 2010, 17 

and illustrates the extent to which the proposed footprint of the wind utility will encroach on 18 

residential homes: 19 



 15 

 1 
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Q: Have you reviewed the Applicants Predicted Noise Contour, Figure 9, represents 1 

estimated noise? 2 

 3 
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A: Yes, I have reviewed the Applicants Predicted Noise Contour Figure 9 – using 1,500 foot 1 

setbacks from homes. 2 

Q: Are there particular ways of looking at turbine noise that are helpful to understand 3 

the cause of annoying noise? 4 

A: Yes.  It is common for people to look at wind turbines as a new type of noise source. 5 

However, some of the problems associated with them are easier to understand if we view wind 6 

turbines as a special case of large industrial fans.  For example, if we take a look at the spectrum 7 

from a fan, as shown in Graph 2 below, there are certain characteristics that all fans have in 8 

common.  There is maximum energy at the blade passage frequency, tones above the blade 9 

passage frequency, and broadband noise.  The harmonics of that tone have somewhat lower 10 

energy content.  The broadband spectrum starts above the range where the tones longer 11 

dominate.  The energy is highest at the blade passage frequency and drops off as frequency 12 

increases. 13 

    14 

                 Graph 2-Typical Fan Noise Spectrum                                Graph 3-Vestas V-52 Spectrum (from NREL Presentation) 15 

In Graph 3, the wind turbine spectrum for a Vestas V-52, shows some of the same 16 

spectral characteristics.  For a wind turbine, the blade passage frequency is usually between 1 17 

and 2 Hz and the primary harmonics occur usually below 10 Hz.  Because this is a difficult range 18 
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of frequencies to measure, especially in field test situations, most information about the spectral 1 

characteristics do not show the infrasound range (0-20Hz) sound pressure levels (SPL).  This is 2 

further obscured by the practice of wind industry acoustical consultants to present data using 3 

only A-weighting (dBA).  No specific dBC data was provided.  The practice masks the spectrum 4 

shape by creating a visual impression of minimal low-frequency sound content.  Even when 5 

octave band (1/1 or 1/3) Sound Pressure Levels (SPLs) are presented, the reports normally ignore 6 

frequencies below 31.5 or 63 Hz.  The wind industry and its consultants often say that there is no 7 

infra or low frequency content.  If that is true then the customary reporting practices are 8 

understandable.  But, if those assumptions are not accurate, then these practices mask a potential 10 

source of significant problems. 12 

The graphic to the right (Graph 4) 14 

shows a wind turbine’s spectrum for the 16 

frequency range of 0-10 Hz.  Note the 18 

tones and harmonics and the correlation of 20 

the frequency of the tones to rotational 22 

speed.  This graph is from a study 24 

conducted by the Federal Institute for 26 

Geosciences and Natural Resources, Hannover, Germany, titled: “The Inaudible Noise of Wind 27 

Turbines” presented at the Infrasound work shop in 2005 (Tahiti). 28 

Q: Are the sound emission characteristics similar or different for different models and 29 

makes of wind turbines?  30 

 A: Yes.  Graph 5, below, shows the general spectrum shape of 37 modern upwind turbines 31 

of the type and sizes being located in the Midwest.  This graph shows the sound power data after 32 

Figure 4-Wind Turbine Infrasound 
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normalizing the data for each turbine to 1 2 

MW of power output.2  It is clear that 4 

there is little deviation in spectral shape 6 

between any of the various models that is 8 

not related to power produced.  In fact, the 10 

study shows that for each increase of 1 12 

MW in power output the graph there may 14 

be a shift upward by approximately 5 dB. Given that power to sound level relationship and the 15 

constant increase in the power rating of turbines being installed we could see the wind turbine 16 

sound levels increase another 25 dB by the time 5 MW turbines are commercially available. 17 

Q: Is wind turbine noise is distinctively annoying  18 

A: Yes, wind turbine noise is distinctively annoying.  There have been several studies, 19 

primarily conducted in European countries with a long history of wind turbines, showing that at 20 

the same sound pressure (decibel) level or less, wind turbine noise is experienced as more 21 

annoying than airport, truck traffic or railroad noise345.  There are several reasons why people 22 

respond more negatively to wind turbine noise that are directly a result of the character of the 23 

noise more than the absolute level of the sounds received. 24 

                                                 
2  DELTA, Danish Electronics, Light & Acoustics, “EFP-06 Project, Low Frequency Noise from Large Wind Turbines, 

Summary and Conclusions on Measurements and Methods,” April 30, 2008  
3  Pedersen, E., Waye, K. P., “Human response to wind turbine noise – annoyance and moderating factors”, Proceedings of the 

First international Meeting on Wind Turbine Noise: Perspectives for Control, Berlin, October 17-18, 2005. 
4  E. Pedersen and K. Persson Waye, “Perception and annoyance due to wind turbine noise: a dose–response relationship,” J. 

Acoust. Soc. Am. 116, 3460–3470 (2004). 
 K. Persson Waye and E. Ohrstrom, “Psycho-acoustic characters of relevance for annoyance of wind turbine noise,” Journal of 

Sound and Vibration 250(1), 65-73 (2002). 
 K. Persson Waye, E. Ohrstrom and M. Bjorkman, “Sounds from wind turbines – can they be made more pleasant?” In: N. 

Carter and R. F. S. Job (eds), 7th International congress on noise as a public health problem, pp 531-534 (22-26 Nov, Sydney, 
Australia 1998). 

 K. Persson Waye, A. Agge and M. Bjorkman, “Pleasant and unpleasant characteristics in wind turbine sounds,” In: D. 
Cassereau (eds), Inter-Noise 2000, (August 27-30, Nice, France 2000). 

 K. Persson Waye and A. Agge, “Experimental quantification of annoyance unpleasant and pleasant wind turbine sounds,” In: 
D. Cassereau (eds), Inter-Noise 2000, (August 27-30, Nice, France 2000). 

5  Vandenberg, G., Pedersen, E., Bouma. J., Bakker, R. “WINDFARMperception Visual and acoustic impact of wind turbine 
farms on residents” Final Report, June 3, 2008.   

Figure 5-Sound Power Level of 37 Turbines Normalized to 1MW 
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Q: Explain what you mean by “character of the noise? 1 

A: For example, wind turbines have a characteristic “Amplitude Modulation”, also referred 2 

to as an “Audible Blade Swish.”  It is not clear whether it is: 3 

1) the distinctive rhythmic, impulsive or modulating character of wind turbine 4 

noise, which are all synonyms for “thump” or “swoosh” or “beating” sounds); 5 

2)  its characteristic low frequency energy (both audible and inaudible, and also 6 

impulsive), health effects of chronic exposure to wind turbine noise (especially 7 

at night); 8 

3)  in-phase modulation among several turbines in a wind farm (this can triple the 9 

impulse sound level when impulses of three or more turbines become 10 

synchronized); or  11 

4) some combination of all of these factors best explains the annoyance. 12 

One or more of these characteristics are likely present depending on atmospheric and 13 

topographic conditions, (especially at night)6 as is the individual susceptibility of each person to 14 

them.   15 

Q: What is the relation between Amplitude Modulation, noise levels and annoyance or 16 

problems? 17 

A: Reports based on surveys of those living near wind farms consistently find that, when 18 

compared to surveys of those living near other sources of industrial noise, annoyance is 19 

significantly higher for comparable sound levels among wind utility footprint residents. In most 20 

cases, where relationships between sound level and annoyance have been determined, annoyance 21 

starts at sound levels 10 dBA or more below the sound level that would cause equivalent 22 

                                                 
6 G.P. Van den Berg, “The beat is getting stronger: The effect of atmospheric stability on low frequency modulated sound on 
wind turbines,” Noise notes 4(4), 15-40 (2005) and “The sound of high winds: the effect of atmospheric stability on wind turbine 
sound and microphone noise” Thesis (2006) 
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annoyance from the other common community noise sources.  Whereas one would expect that 1 

people would be annoyed by 45 dBA nighttime sound levels outside their homes in an urban 2 

area, rural residents are equally annoyed by wind turbines when the sound levels are 35 dBA 3 

independent of the time of day. Given that wind turbine utilities are often permitted to cause 4 

sound levels of 40 to 50 dBA at the outside of homes adjacent to or inside the footprint of wind 5 

utilities in the states east of the Mississippi the negative reactions to wind turbines from many of 6 

those people is understandable.  Their reactions provide objective evidence in support of an 7 

expectation that a substantial number of people who live near the Glacier Hills Wind project will 8 

complain that the noise level they experience is both causing nighttime sleep disturbance and 9 

creating other problems once operation commences.7 8 10 

Q: What causes amplitude modulation? 11 

A: Although there remain differences in opinions about what causes the amplitude 12 

modulation of audible wind turbine noise most of the explanations involve air turbulence around 13 

the turbine blades9. There are a number of explanations and more than one may apply at any 14 

specific wind farm site.  For example, eddies in the wind, wind shear (different wind speeds at 15 

the higher reach of the blades compared to the lower reach), slightly different wind directions 16 

across the plane of the blades, and interaction among turbines, have each been identified as 17 

causes of modulating wind turbine noise from modern upwind turbines.10  18 

Q: Is sound modeling a reasonable predictor of turbine noise for a given project? 19 

A: I have noted that consultants for wind utility developers often claim that wind turbine 20 

sound emissions inside and adjacent to the project footprint estimated by the sound propagation 21 

                                                 
7 Pedersen (2007);  Kamperman and James (2008); James (2009b); Minnesota Department of Health (2009), pp. 19-20. 
8 Bajdek, Christopher J. (2007). Communicating the Noise Effects of Wind Farms to Stakeholders, Proceedings of NOISE-CON 
(Reno, Nevada), available at http://www.hmmh.com/cmsdocuments/ Bajdek_NC07.pdf 
9 Van den Berg (2006, pp. 35-36); Bowdler (2008), Palmer (2009) and Oerlemans/Schepers (2009). 
10 Bowdler (2008) 
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model’s represent worst-case conditions.  However, it is only true that the input data used for the 1 

turbine’s acoustic energy represents the turbine’s sound emissions at or above its nominal 2 

operating wind speeds under standardized weather and wind conditions. That is reasonable given 3 

that the purpose of these tests is to produce standardized data to permit a prospective buyer of 4 

turbines to compare the sound emissions from various makes and models.  However, this needs 5 

to be understood as being similar to the US EPA’s standardized gasoline mileage tests.  You do 6 

not get the mileage posted on the vehicle sticker since your driving habits are different.  The 7 

same is true for wind turbines and the environments in which they operate.  The IEC test data 8 

does not account for the increased noise from turbulence or other weather conditions that cause 9 

higher sound emissions.  10 

Q:  Are guidelines for measurement helpful? 11 

A: A review of the IEC 61400-11, Wind Turbine Systems-Part 11: Acoustic Noise 12 

Measurement Techniques’ assumptions in the body and appendices (esp. Appendix A) show that 13 

the IEC test data reported to turbine manufacturers is not ‘worst case’ for real world operations.  14 

Independent of the effect of weather and wind on the turbine’s noise emissions, ANSI standards 15 

for outdoor noise specifically caution that turbulence in the air can increase the downwind sound 16 

levels by 6-7 dB or more. 6-7dB represents about a doubling of loudness,  – a significant 17 

increase.  Any assertions by the acoustical modeler that the models represent worst case sound 18 

level estimates rely on careful phrasing and/or ignorance of the underlying standards and 19 

methods by the reviewers. 20 

Q: Please explain “impulsive sound” and the advances made to reduce impulsive sound 21 

levels. 22 
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A: Impulsive sound was considered more problematic for older turbines that had rotors 1 

mounted downwind from the tower11. The sound was reduced by mounting the rotor upwind of 2 

the tower, common now on all modern turbines12. Initially, many presumed that the change from 3 

downwind to upwind turbine blades would also eliminate amplitude modulated sounds, the 4 

whooshes and thumps, being received on adjacent properties.  However, in a landmark study by 5 

G. P. van den Berg, which is now referred to in all serious discussions of wind turbine noise13, it 6 

was shown that the impulsive swishing sound increases with size because larger modern turbines 7 

have blades located at higher elevations where they are subject to higher levels of “wind shear” 8 

during times of ground level “atmospheric stability.”  This results in sound fluctuating 3-5 dBA 9 

between beats under moderate conditions and 10 dBA or more during periods of higher 10 

turbulence14.  12 

I have confirmed amplitude 14 

modulation (blade swish) at every 16 

wind project I’ve investigated.  18 

During periods of high turbulence I 20 

have measured levels of blade swish 22 

of 10-13 dBA.  Graph 6, to the right 24 

shows the rise and fall of the A-26 

weighted sound levels from blade 28 

swish measured inside a closed entry 30 

vestibule to a home.  This test site is approximately 1500 feet from two (2) GE 1.5 MW turbines 31 
                                                 
11 Rogers (2006, p. 10) 
12 Id., pp. 13, 16; Van den Berg (2006), p. 36. 
13 Van den Berg (2006, p. 36) 
14 Id.,   

Graph 6-Audible Blade Swish inside home from New York 
Wind Utility 
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with sound emission characteristics similar to the turbines proposed for the AWA Goodhue 1 

project.  It should be noted that the sound levels exceed 40 dBA inside the home in the rooms 2 

facing the turbines with a window partly open. 3 

Q: How is this “annoyance factor” addressed in modeling? 4 

A: To compensate for the added annoyance of fluctuating or impulsive sound, the 5 

convention is to add a penalty of 5 dBA to computer model estimates of average sound levels to 6 

account for the increased annoyance from sort term fluctuations in sound levels.15  In the 7 

Kamperman/James criteria, this penalty is already included in its recommendation for a 8 

maximum allowable sound level at the receiving property of 35 dBA. 9 

Frequency of Conditions that Cause Blade Swish 10 

Q: How common is “Blade Swish” in today’s wind turbines? 11 

A: Research shows that blade swish is linked to certain weather conditions that occur 12 

frequently.  Winter is often a period with high levels of swish.  The phenomenon of wind shear 13 

coupled with ground level atmospheric stability refers to the boundary between calm air at 14 

ground level and turbulent air at a higher altitude.  “A high wind shear at night is very common 15 

and must be regarded a standard feature of the night time atmosphere in the temperate zone and 16 

over land.” 16  A recent paper presented at the 2009 Institute of Noise Control Engineers, Noise-17 

Con 2009 conference in Ottawa, Canada on background noise assessment in New York’s rural 18 

areas noted: “Stable conditions occurred in 67% of nights and in 30% of those nights, wind 19 

velocities represented worst-case conditions where ground level winds were less than 2 m/s and 20 

hub-height winds were greater than wind turbine cut-in speed, 4 m/s.” 17  21 

                                                 
15 Van den Berg (2006), p. 106; Minnesota Department of Public Health (2009), p. 21. See also Pedersen (2007, p. 24) 
(“Amplitude-modulated sound has also been found to be more annoying than sound without modulations.” 
16 Van den Berg (2006, p. 104). See also Cummings (2009) 
17 Schneider, C. “Measuring background noise with an attended, mobile survey during nights with stable atmospheric conditions” 
Noise-Con 2009  



 25 

Based on a full year of measurements every half-hour at a wind farm in Germany, Van den Berg 1 

found:  2 

the wind velocity at 10 m[eters] follows the popular notion that wind picks up  3 
after sunrise and abates after sundown. This is obviously a ‘near-ground’ notion as  4 
the reverse is true at altitudes above 80 m.  . . . after sunrise low altitude winds are  5 
coupled to high altitude winds due to the vertical air movements caused by the  6 
developing thermal turbulence. As a result low altitude winds are accelerated by  7 
high altitude winds that in turn are slowed down. At sunset this process is  8 
reversed.18  9 
 10 

In other words, when ground-level wind speed calms after sunset, wind speed at typical hub 11 

height for large wind turbines, typically 80 meters, or 262 feet, commonly increases. As a result, 12 

turbines can be expected to operate, generating noise, while there is no masking effect from 13 

wind-related noise where people live. “The contrast between wind turbine and ambient sound 14 

levels is therefore at night more pronounced.19” As the turbine’s blades sweep from top to 15 

bottom under such conditions the blade encounters slightly different wind velocities creating 16 

unexpected turbulence that results in rhythmic swishing noise20.  Such calm or stable atmosphere 17 

at near-ground altitude accompanied by wind shear near turbine hub height occurred in the Van 18 

den Berg measurements 47% of the time over the course a year on average, and most often at 19 

night21.  20 

Infra and Low Frequency Sounds 21 

Q:  Please explain “infra” and “low” frequency sounds. 22 

A: Sound measured as dBA is biased toward 1,000 Hz, the center of the most audible 23 

frequency range of sound pressure. Low frequency sound is in the range below 200 Hz and is 24 

                                                 
18 (Van den Berg 2006, p. 90) 
19 Id., p. 60 
20 Id., p. 61. Cf. also Minnesota Department of Public Health (2009), 

pp. 12-13 and Fig. 5. 
21 Van den Berg 2006, p. 96 
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more appropriately measured as dBC, using a “C” weighted scale, using instrumentation that can 1 

provide 1/3 octave band resolution of the spectrum sound pressure levels.  Sound below 20 Hz, 2 

termed infrasound, is generally presumed to not be audible to most people. See Leventhall 3 

(2003, pp. 31-37);  Minnesota Department of Public Health (2009, p. 10); Kamperman and 4 

James (2008, pp. 23-24).  For many years, it has been presumed, without inquiry or verification, 5 

that only infra and low frequency sounds that reached the threshold of audibility for people 6 

posed any health risks.  Many acoustical engineers were taught that if you cannot hear a sound, it 7 

cannot harm you.   The sensitivity and annoyance produced by a noise source increases 8 

substantially for increases in low frequency sound, once it is perceived, than the more readily 9 

audible mid-frequency sounds. 10 

Recent research has shown that the human body is more sensitive to infra and low 11 

frequency noise (ILFN) than to higher frequencies, and that the vestibular organs of balance and 12 

cardio-vascular systems respond at levels of sound significantly lower than the thresholds of 13 

audibility. 22 Dr. Nina Pierpont has conducted a peer reviewed study of the effects of infra and 14 

low frequency sound on the organs of balance that establishes the causal link between wind 15 

turbine ILFN and medical pathologies.  The new research is from fields different from those that 16 

have typically provided guidance for acoustical engineers when assessing compatibility of new 17 

noise sources and existing communities.  This research is coming from the field of medical 18 

research into how our bodies respond to external energies at the cellular level.  Numerous studies 19 

are now available showing how the body responds to extremely low levels of energy not just 20 

through the traditional organs of auditory and balance, but at the level of cell activity. 21 

                                                 
22 Alves-Pereira, Marianna and Nuno A. A. Branco (2007a). Vibroacoustic disease: Biological effects of infrasound and low-

frequency noise explained by mechanotransduction cellular signalling, 93 PROGRESS IN BIOPHYSICS AND MOLECULAR 

BIOLOGY 256–279, available at http://www.ncbi.nlm.nih.gov/ pubmed/17014895>< 
and, Alves-Pereira, Marianna and Nuno A. A. Branco (2007b). Public health and noise exposure: the importance of low 
frequency noise, Institute of Acoustics, Proceedings of INTER-NOISE 2007,  
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Q: Would you explain the World Health Organization’s guidelines for noise? 1 

A: While on the topic of nighttime sound levels and the impacts of noise, it should be noted 2 

that the World Health Organization (WHO) revised its guidelines for nighttime noise in 2007, 3 

noting the following effects of sleep disturbance: 4 

The review of available evidence leads to the following conclusions. 5 

 6 
• Sleep is a biological necessity, and disturbed sleep is associated with a number of 7 
adverse impacts on health. 8 

 9 

• There is sufficient evidence for biological effects of noise during sleep: increase in heart 10 
rate, arousals, sleep stage changes, hormone level changes and awakening. 11 

 12 

• There is sufficient evidence that night noise exposure causes self-reported sleep 13 
disturbance, increase in medicine use, increase in body movements and (environmental) 14 
insomnia. 15 

 16 

• While noise-induced sleep disturbance is viewed as a health problem in itself 17 
(environmental insomnia) it also leads to further consequences for health and well-being.  18 

 19 

• There is limited evidence that disturbed sleep causes fatigue, accidents and reduced 20 
performance. 21 

 22 

• There is limited evidence that noise at night causes clinical conditions such as 23 
cardiovascular illness, depression and other mental illness. It should be stressed that a 24 
plausible biological model is available with sufficient evidence for the elements of the 25 
causal chain   26 
 27 

Van den Berg (2006), p. 106; Minnesota Department of Public Health (2009), p. 21. See also 28 

Pedersen (2007, p. 24). 29 

Amplitude-modulated sound has also been found to be more annoying than sound 30 

without modulations.”  The revised guidelines supersede the guidelines commonly referenced 31 



 28 

from 1999 and before.23  These guidelines provide the definition of what is required for a causal 1 

link to be established between a exterior forcing agent like noise and health.  They state: 2 

Sufficient evidence: A causal relation has been established between exposure to 3 
night noise and a health effect. In studies where coincidence, bias and distortion 4 
could reasonably be excluded, the relation could be observed. The biological 5 
plausibility of the noise leading to the health effect is also well established.  6 
 7 
Limited evidence: A relation between the noise and the health effect has not been 8 
observed directly, but there is available evidence of good quality supporting the 9 
causal association. Indirect evidence is often abundant, linking noise exposure to 10 
an intermediate effect of physiological changes which lead to the adverse health 11 
effects. 12 

 13 

In Table 3 of the 2007 Guidelines, WHO presents the maximum sound levels that should 14 

be permitted outside the walls of a home to prevent adverse health effects: 15 

                                                 
23 WHO Night Noise Guidelines (2007) 
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The new criteria are based on recent research into nighttime noise and health that was not 1 

available when the 1999 guidelines were published. The outdoor criteria (Lnight-outside) represent 2 

the long term conditions, not a single night’s exposure.  Table 3 shows that nighttime sound 3 

levels of 30 dBA and under pose no health risks.  However, nighttime sound levels of 40 to 50 4 

dBA as projected for homes in the footprint of AWA Goodhue wind would result in “a sharp 5 

increase in adverse health effects, and many of the exposed population are now affected and have 6 

to adapt their lives to cope with the noise.”  7 

Q: Does this provide a different understanding of impacts of sound? 8 

A: Yes.  Essentially, our understanding is outdated, and until recently, viewed with blinders 9 

because of our failure to utilize cross-disciplinary inquiry.  To get a idea of just how outdated our 10 

understanding is of the way our bodies interact with the energies and forces around us, I would 11 

like to share a short piece that was sent to me by Eileen Mulvihill, a genetic biologist who 12 

received her Ph.D. in Molecular Biology from the Université Louis Pasteur, Strasbourg, France. 13 

She holds six patents for discoveries she made during her career.    14 

Dr. Mulvihill’s point is to demonstrate how our body's cells and molecules function as 15 

sensory receptors that augment the sensory organs, like our auditory and vestibular organs. 16 

  Most of us learned that we have primary sensory organs and they perform all the needed 17 

functions for sensing the world around us, especially those who have not remained current with 18 

research in the field of molecular and cellular biology.  It is this now outdated view-point that 19 

leads some of the wind industry acoustical experts to still claim that 'If you can't hear it, it can't 20 

hurt you." In other words, they believe that because the average person’s  auditory function, the 21 

outer, middle, and inner ear, is not as sensitive to infra and low frequency sounds, such as 22 

rumble, as it is to mid and high frequency sounds, such as those where speech occurs; and, that 23 
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the infra and low frequency sounds from wind turbines are not loud enough to be heard by most 1 

people, there is no potential for adverse health effects.  Dr. Mulvihill recently provided a good 2 

example of research that shows how our body can sense external forces.  In other words, she 3 

describes other ways we sense acoustic energy, like low frequency sounds, through cellular level 4 

mechanisms not related to dedicated sensory organs.  Dr. Mulvihill offered the following 5 

example using a paper by Dr. D. Ingber: 6 

Anyone who is skilled in the art of physical therapy knows that the mechanical 7 
properties, behavior and movement of our bodies are as important for human health as 8 
chemicals and genes. However, only recently have scientists and physicians begun to 9 
appreciate the key role which mechanical forces play in biological control at the 10 
molecular and cellular levels.  11 
 12 
An article by Dr. D. Ingber, who first described the model of tensegrity, describes what 13 
his team has learned over the past 30 years as a result of their research focused on the 14 
molecular mechanisms by which cells sense mechanical forces and convert them into 15 
changes in intracellular biochemistry and gene expression-a process called 16 
"mechanotransduction".  17 
 18 
Ingbers work has revealed that molecules, cells, tissues, organs, and our entire bodies use 19 
"tensegrity" architecture to mechanically stabilize their shape, and to seamlessly integrate 20 
structure and function at all size scales. Through the use of this tension-dependent 21 
building system, mechanical forces applied at the macroscale produce changes in 22 
biochemistry and gene expression within individual living cells.  23 
 24 
This structure-based system provides a mechanistic basis to explain how application 25 
of physical impacts, such as low frequency sound, influences cell and tissue 26 
physiology.  (Emphasis added) 27 
 28 

Prog Biophys Mol Biol. 2008 Jun-Jul;97(2-3):163-79. Epub 2008 Feb 13 29 

What Dr. Mulvihill describes is the process by which low levels of energy can affect 30 

hormone production which by their actions result in adverse health effects.  There are many more 31 

and smaller receptors for sensory input that than just our dedicated organs. Because these 32 

receptors are so small they may be far more sensitive to low amplitude, low frequency sound 33 

than the studies conducted focusing on the auditory and vestibular organs only would reveal.  34 
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 Also, remember that low frequency sound penetrates into our body with little attenuation in the 1 

same way that it passes through the walls and roofs of our homes.   2 

Q: What other significant research has been published regarding sensitivity to and 3 

impacts of noise? 4 

A: We are also finding that new research tools not available to the researchers who are 5 

frequently quoted by wind developers in their defense are showing that our auditory and 6 

vestibular organs themselves are more sensitive than previously known.   In Dr. Pierpont's study, 7 

Wind Turbine Syndrome, she cites the research of Drs. Todd, Rosengrenm, and Colebatch in 8 

their paper "Tuning and sensitivity of the human vestibular system to low-frequency vibration" 9 

published in Neuroscience Letters 444 (2008) 36–41. In this paper they present the findings of a 10 

study in the abstract as: 11 

Mechanoreceptive hair-cells of the vertebrate inner ear have a remarkable sensitivity to 12 
displacement, whether excited by sound, whole-body acceleration or substrate-borne 13 
vibration. In response to seismic or substrate-borne vibration, thresholds for vestibular 14 
afferent fibre activation have been reported in anamniotes (fish and frogs) in the range 15 
−120 to −90 dB re 1 g. In this article, we demonstrate for the first time that the human 16 
vestibular system is also extremely sensitive to low-frequency and infrasound 17 
vibrations by making use of a new technique for measuring vestibular activation, via the 18 
vestibulo-ocular reflex (VOR).  We found a highly tuned response to whole-head 19 
vibration in the transmastoid plane with a best frequency of about 100 Hz. At the best 20 
frequency we obtained VOR responses at intensities of less than −70 dB re 1 g, which 21 
was 15 dB lower than the threshold of hearing for bone-conducted sound in humans at 22 
this frequency. Given the likely synaptic attenuation of the VOR pathway, human 23 
receptor sensitivity is probably an order of magnitude lower, thus approaching the 24 
seismic sensitivity of the frog ear. These results extend our knowledge of vibration-25 
sensitivity of vestibular afferents but also are remarkable as they indicate that the seismic 26 
sensitivity of the human vestibular system exceeds that of the cochlea for low-27 
frequencies." (Emphasis added) 28 
 29 
These examples are provided to demonstrate that there is significant evidence to support 30 

a hypothesis of a causal link between ILFN and adverse health effects.  The typical acoustician 31 

has not caught up on these biophysiological understandings of how our bodies respond to infra 32 
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and low frequency sound levels -- these levels were only a few years ago considered too low to 1 

cause any physical response.  Once we understand that what you cannot hear, can hurt you; we 2 

will be in a better position to develop the procedures and criteria to use wind turbines as a 3 

renewable energy resource but until the time when the necessary studies have been completed it 4 

is appropriate to follow the precautionary principle and not expose the public to a potential 5 

health risk. 6 

Q: Please explain “low frequency” in relation to typical wind turbine noise. 7 

A: Wind turbine noise includes a significant low-frequency component, including inaudible 8 

infrasound as shown in Figures 3 through 5. For example, according to the manufacturer, under 9 

ideal test conditions at a distance of 200 meters (656 feet), a single 2.5 MW Nordex N80 wind 10 

turbine generates 95 decibels at 10 Hz24.  This is at the threshold of human hearing for the 11 

average person and above the threshold for the most sensitive individuals.25   The Nordex study 12 

also showed that sound pressure levels were highest at the blade passage frequency (between 1 13 

and 2 Hz) and dropped off with increasing frequency.   Thus, we can expect that below 10Hz 14 

sound pressure levels were higher than 95 dB.  What does this say about infrasound during “non-15 

ideal” conditions which increase infra sound emissions? 16 

Although low frequency sound is in the less-audible or inaudible range, it is often felt 17 

rather than heard. Unlike the mid and higher frequency A-weighted components, the low-18 

frequency components of wind turbine noise “can penetrate the home’s walls and roof with very 19 

little low frequency noise reduction.26”  Acoustic modeling for low frequency sound emissions of 20 

ten 2.5 MW turbines indicated “that the one mile low frequency results are only 6.3 dB below the 21 

                                                 
24 Nordex (2004, p. 4).   
25 Rogers et al. (2006, p. 9, table 5) 
26 Kamperman and James (2008), p. 3. 
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1,000 foot one turbine example.27”   This makes the infra and low frequency sound emissions 1 

from wind turbines a potential problem over an even larger area than the audible sounds, such as, 2 

blade swish and other wind turbine noises in the mid to high frequency range. 3 

Background Sound Levels 4 

Q: How are background sound levels measured and considered, and why is this 5 

important? 6 

A: Apart from the distinctive characteristics of wind turbine noise, including its low 7 

frequency component, the quiet soundscapes found in rural and semi-wilderness areas accentuate 8 

the perceived annoyance and potential for sleep disturbance. The Minnesota Public Utilities 9 

Commission has procedures for how to assess the pre-operational background sound levels that 10 

were designed for the types of communities in which the more traditional power generating 11 

utilities are located.  Whether these are adequate for wind utilities located in quiet communities 12 

remains to be determined. It is not in the scope of this report to anticipate any needed changes, 13 

but the discussion above relative to the potential issues related to infra and low frequency sound 14 

does imply that some method of assessing and controlling the lower frequency sounds is 15 

warranted.28 16 

Q: What sound information has been presented in the AWA Goodhue Application? 17 

A: The sound information presented in the AWA Goodhue application was sparse, 18 

consisting of just three pages in the October, 2009 application29 and ExhibitA-7, Noise Footprint 19 

GE 1.5 MW sle/xle Turbine. This section states: 20 

GE provided the sound power level at the turbine hub for the GE 1.5 MW xle turbine is 21 
104 dBA. The term “sound power level” means a logarithmic measure of the sound 22 
power in comparison to a specified reference level. The sound power level of a source is 23 

                                                 
27 Id., p. 12 
28 Hessler,/gas turbine paper 
29 AWA Goodhue Application, p. 25-29. 
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expressed in decibels (dB) and is equal to 10 times the logarithm to the base 10 of the 1 
ratio of the sound power of the source to a reference sound power. The reference sound 2 
power in air is normally taken to be 10-12 watt. 3 
 4 

Application, p.26. 5 

 This paragraph is missing critical information, specifically  6 

1) octave band level of detail for sound emissions at various wind speeds for frequencies 7 

from 6 Hz through 10,000 Hz; 8 

2) Explanation that test results do not consider weather/wind condition producing 9 

highest levels of blade swish. 10 

3) Information of all average sound levels while wind turbine sounds vary by as much as 11 

15 dB above the steady sound emissions. 12 

Providing a few more specifics, the application goes on to note: 13 

Goodhue Wind analyzed the noise footprint of the Project from the proposed GE 1.5 MW 14 
xle wind turbine model using the WindPRO version 2.6.1.252 module Decibel for Noise 15 
Impact Calculation (see Exhibit A-7 ). According to the manufacturer’s noise data, the 16 
sound power level of the GE 1.5 MW xle wind turbine at a 10 meter height for an 80 17 
meter hub height ranges from less than 96 dB (at 3 m/s wind speed) to less than or equal 18 
to 104.0 dB (at 9 m/s wind speed to the cut out speed). Using the highest sound power 19 
level of 104.0 dB, the distance to the 50 dBA noise setback distance from a single GE 1.5 20 
MW xle wind turbine averages 531 feet (162 meters). As shown in Exhibit A-7 , no 21 
residences are located within the 50 dBA setback area. 22 

 23 
Id. 24 
 25 
This methodology is flawed for several reasons.  26 

1) No details of the input data was provided, only the results of modeling as an energy 27 

averaged dBA Leq; 28 

2) No details showing the sound energy in each frequency band at homes and properties; 29 

3) Assumed ground was 70% absorptive which is only possible during early summer 30 

with heavy ground cover and loose soil.  Winter and when ground is hard-packed and 31 

has 0% absorption. 32 
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4) Assumes low frequency sound propagates at a similar rate to mid and high frequency 1 

sound.  However, Infra and low frequency sound spreads at one-half or less the rate 2 

of mid and high frequency sound. Where a high frequency sound might decay at the 3 

rate of 6 dB per doubling of distance (point source) the lower frequencies will decay 4 

at rates more like 3 dB per doubling of distance.  Thus, the rumble and roar are heard 5 

at much greater distances that the higher frequency sounds.  Yet, use of dBA criteria 6 

would ignore that component of the wind turbine noise emissions. 7 

5) No accommodation for blade swish and other noises normally associated with 8 

complaints.  Averages can hide the dynamic sound swings.  We need to know the 9 

maximum sound levels that will occur from any operation mode in all weather 10 

situations.  We also need to know how much atmospheric conditions can lead to 11 

focusing sounds down to the ground that might otherwise have escaped into the 12 

atmosphere.  These variables are not trivial.  They can add as much as 15 dB to the 13 

average level the models predict. 14 

This methodology resulted the graphic representation in Exhibit A-7, Noise Footprint GE 1.5 M 15 

sle/xle Turbine, and is the methodology upon which the Environmental Report and the 16 

Environmental Impact Statement are based – the Environmental Impact Scoping Decision was 17 

issued May 28, 2010: 18 
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 1 
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The recent prefiled Figure 9 shows a much changed footprint and distribution: 1 

 2 
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The prefiled Appendices include Appendix D, a Memo from HDR, a noise analysis and 1 

modeling and “24-hour noise measurements at five locations that are representative of the rural 2 

portions of the project area.”    I have reviewed this Memo and note the following problems, 3 

reiterating those listed above: 4 

1) Octave band level of detail for sound emissions at various wind speeds for 5 
frequencies from 6 Hz through 10,000 Hz; 6 

 7 
2) Explanation that test results do not consider weather/wind condition producing 8 

highest levels of blade swish. 9 
 10 

3) Information of all average sound levels while wind turbine sounds vary by as much as 11 
15 dB above the steady sound emissions. 12 

 13 
4) No details of the input data was provided, only the results of modeling as an average 14 

dBA log; 15 
 16 

5) No details showing the sound energy in each frequency band at homes and properties; 17 
 18 

6) Assumed ground was 70% absorptive which is only possible during early summer 19 
with heavy ground cover and loose soil.  Winter and when ground is hard-packed has 20 
0% absorbtion. 21 

 22 
7) Assumes low frequency sound propagates at a similar rule to mid and high frequency 23 

sound.  Infra and low frequency sound spreads at one-half or less the rate of mid and 24 
high frequency sound. 25 

 26 
8) No accommodation for blade swish and other noises normally associated with 27 

complaints. 28 
 29 

9) Misconception about how wind may or may not mask wind turbine sounds. 30 
 31 

10) No tolerances for known errors in algorithms. These tolerances should add4dBto 32 
predicted model results. 33 

 34 
Computer Model Predictions 35 

Q: Is the computer modeling by HDR reliable? 36 

A: Computer modeling is always based on assumptions, and so the assumptions used in the 37 

base case determine the outcome.  Studies on behalf of AWA Goodhue presenting computer 38 
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simulations that purportedly estimate the "worst-case" sound levels that will be received in the 1 

community should be viewed with serious skepticism.  Models are representations and 2 

simplifications of complex interactions between noise emitters, and their surrounding 3 

environment.  Models are not precise instruments, and are not any better than Ihe input data used 4 

to represent the noise source and accuracy of the algorithms used to represe situations of 5 

modeling wind turbines in complex terrain, such as ridges and valleys, acoustical models are 6 

seriously challenged.  The ability of the model to accurately replicate how the sound decays with 7 

increasing distance from the location of each source.  For specific are blocked by terrain or 8 

reflected by terrain is especially weak.  Errors in models of wind turbine noise propagation 9 

located on flat terrain have been shown to have errors of 5 to 10 dB or more when studied by 10 

independent acoustical engineers.  It would be expected that errors of this magnitude or higher 11 

would be found in models of more complex terrain such as is found in the community near AWA 12 

Goodhue's footprint. 13 

Q: Why is there such a broad range of levels? 14 

A: This range of levels is understandable, given the discussion earlier in this report about the 15 

assumptions in the modeling process and also in the input data used to replicate the more 16 

important interactions as the wind turbine’s sound propagates into the community. First, the 17 

model estimates a single number at a receiving site.  This is an average value, representing for 18 

the input data and assumptions a yearly estimate of the sound emissions at the receiving site.  It 19 

also does not reflect all of the conditions that can lead to higher sound emissions from blade 20 

swish and other weather induced effects on the turbine’s noise.30  Sometimes it is easier to 21 

understand this variability visually.   22 

                                                 
30 Ebbing, C. E. Some Limitations and Errors in Current Turbine Noise Models, Report for Appeal of Record Hill Wind decision 
in Maine. 



 40 

The chart in Graph 7, below, was presented to the citizens of Mars Hill, Maine in  1 

December of 2008 by the Director of the Maine Bureau of Land and Water Quality which 2 

includes the Dept. of Environmental Protection.  3 

Maine’s MDEP commissioned a four quarter study of the sound levels under various 4 

operating conditions and seasonal variations.  This chart shows the ‘best’ of the data that was 5 

hand selected to represent only sound levels when wind turbines were operating and clearly 6 

audible.  The test site is over 2000 feet from the nearest wind turbine, a 1.5MW upwind model.  7 

Note that the sound levels range from a low of about 35 dBA to a high of just over 52 dBA.  All 8 

of these represent wind turbine sounds and not wind or other artifacts.  The initial model 9 

estimated that the sound levels at this site would be 47.5 dBA.  Sound levels higher than 52 dBA 10 

were observed but ground level winds above 5m/sec prevented accurate measurement. 11 

 12 



 41 

Q: Why are these assumptions problematic, producing an inaccurate result? 1 

A: Assuming that wind and other factors can result in a 17 dB range of sound levels for this 2 

operating wind utility, and that measurements during the highest noise conditions were precluded 3 

by wind speeds at the microphone exceeding the limits of the wind screen, how can any study of 4 

a operating wind utility claim that the levels estimated by the model adequately characterize the 5 

impact on the community.  If the model reflects ‘worst-case’ wind speeds for the turbine, why 6 

are there so many complaints from people near turbines?  The truth of the matter is that when the 7 

person who constructs the model is permitted to assess its accuracy the results should be viewed 8 

with suspicion.  It is in that light that we must view the results of the HDR model presented.  9 

Goodhue Wind Truth asks that the Minnesota Public Utilities Commission view the estimates of 10 

sound propagation in the same way.  It is at best a guide to estimate how the sound will affect the 11 

community, but to imply that the results have a high degree of accuracy is to stretch the credulity 12 

of the reviewer. 13 

Q: Is there information about assumptions and models that is missing? 14 

A: Yes.  Studies that use models normally disclose the strengths and weaknesses of the 15 

models and also disclose the input data and other important assumptions. They give appropriate 16 

cautions and disclose error tolerances for all possible known conditions that the model does not 17 

consider.   This is not done in the HDR modeling for AWA Goodhue.  The model is poorly 18 

documented and missing important data if the study is to be critically reviewed by others 19 

competent to do so.   Much could be said again about the flaws in computer modeling of sound 20 

in complex situations but that evidence has been previously submitted.  The arguments are 21 

academic and not something that most non-engineers would not care to review.    However, the 22 
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use and accuracy of CADNA and similar models are debated every year atnoise conferences with 1 

only wind turbine consultants claiming high levels of accuracy. 2 

Q: How can we establish the validity of the assumptions and modeling? 3 

A:  The easiest way to establish that wind turbine models underestimate sounds at properties 4 

adjacent wind utilities is to look at existing wind projects.  Since most, if not all, follow-up sound 5 

studies on various wind projects are conducted by acoustical consultants with strong ties to the 6 

wind utility developers, it is reasonable to look at other studies for projects.   This review has 7 

conducted studies of operating wind utilities in many different states, and in Ontario.  In all cases 8 

the projects were granted permits based on sound studies claiming the community had high 9 

background sound levels, came with discussions of how wind noise masks turbine noise, and 10 

presented wind turbine sound models estimating levels in the low to mid 40 dBA range at the 11 

nearest properties.  12 

Other studies of background sound levels in rural communities confirm the results of the  13 

Kamperman-James study.   For example, similarly low background sound levels were also 14 

reported in the study by Mr. Clifford Schneider31. Schneider reported that the median LA90 sound 15 

level for approximately 20 test locations in northern New York was 25.5 to 26.7 dBA.  This 16 

reviewer has also found that in rural areas background sound levels are typically less than 30 17 

LA90.  When sampling is conducted during the evening hours when community activities are at a 18 

minimum the LAeq and the LA90 are usually within 5 dB of each other.  It is during this time that 19 

the sounds from the wind turbines will be most apparent and it is against those low background 20 

sound levels that land-use compatibility should be assessed.  21 

                                                 
31 Schneider, C. “Measuring background noise with an attended, mobile survey during nights with stable atmospheric conditions” 
Noise-Con 2009 
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The background sound study Hessler and Associates conducted for a wind developer in 1 

the upper New York area near Cape Vincent was questioned by members of that community.   2 

The complete Cape Vincent study by the wind developer’s consultant Hessler & Associates is 3 

attached as Exhibit RJ-20.  They commissioned an independent study by Dr. Paul Schomer, who 4 

is the Chair of the Acoustical Society of America’s Standards Committee and is highly respected 5 

for impeccable work by his peers.32  Dr. Schomer concluded that: 6 

Hessler’s BP study for the Cape Vincent Wind Power Facility appears to have 7 
selected the noisiest sites, the noisiest time of year, and the noisiest positions at 8 
each measurement site. Collectively, these choices resulted in a substantial 9 
overestimate of the a-weighted ambient sound level, 45-50 dB according to 10 
Hessler. 11 
 12 

Rebuttal by Dr. Paul Schomer, attached as Exhibit RJ-21, Background sound measurements and 13 

analysis in the vicinity of Cape Vincent, New York, Schomer, May 2009; Exhibit RJ-22, 14 

Background sound measurements and analysis in the vicinity of Cape Vincent, New York, 15 

Schomer, May 2009; and Exhibit RJ-23, Letter to Supervisor Hirschey, Town of Cape Vincent, 16 

Schomer, April 23, 2010. 17 

The review by Dr. Schomer should be reviewed by the Public Utilities Commission to 18 

determine whether the AWA Goodhue sound study was free from similar bias.  Given that HDR 19 

is a Canadian firm accustomed to Ontario’s rules which follow the Hessler approach, there is 20 

reason for caution. 21 

Q: Why should we look at past noise studies and modeling in relation to the current 22 

noise information provided in this docket? 23 

A: Historically, there is a pattern of overly optimistic and inaccurate modeling results based 24 

on inadequate refinement of base case assumptions. 25 

                                                 
32 Schomer, P., PE, INCE Bd. Cert., “Cape Vincent Background Noise Study,” May 11, 2009 
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 Note the similarities in these studies to what AWA Goodhue has presented for the AWA 1 

Goodhue wind project under consideration.  And consider what has happened at those locations 2 

that the Public Service Commission should take into consideration.  The project developers made 3 

promises based on their submitted studies and modeling: 4 

• The promises of compatibility with existing community sound levels; 5 

• Promises of no potential for nighttime sleep disturbance or low frequency 6 

‘vibrations’  7 

These promises have been followed by numerous complaints from the public, affected nearby 8 

residents, about noise and health, complaints to the local Boards and state Commissions that 9 

issued the site permits.  In some cases this has escalated to threats of litigation and lawsuits. 10 

Given that track record, it is a safe assumption to consider the AWA Goodhue models to 11 

be estimates of turbine noise under optimum operating conditions and nothing more. 12 

Q: Have you reviewed the Exponent report provided by AWA Goodhue?  13 

A: Yes, The prefiled Appendices also includes Appendix E, by Exponent, entitled 14 

“Evaluation of the Scientific Literature on the Health Effects Associated with Wind Turbines and 15 

Low Frequency Sound.”  I have reviewed this literature survey and note that there are 16 

substantive errors and omissions.   Recent studies link low frequency noise impacts to 17 

impairment of the vestibular system or other organs.33  This new link between health and noise 18 

should be considered along with studies showing that wind utility noise from turbines operating 19 

at distances of up to one mile is a cause of sleep disturbance for a vulnerable minority, and 20 

chronic sleeplessness results in adverse health effects. 21 

                                                 
33 See Alves-Pereira and Branco, 2007; (linking  the low-frequency component of wind turbine noise to abnormal growth of 
collagen and elastin in the blood vessels, cardiac structures, trachea, lungs, and kidneys of humans and animals exposed to 
infrasound (0–20 Hz) and low-frequency noise (20–500 Hz), in the absence of an inflammatory process). See also Pierpont 
“Wind Turbine Syndrome” study (2009) and Minnesota Department of Public Health (2009), pp. 7-8.  
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An article in Noise and Health by Dr. Levanthall addresses these coping mechanisms for 1 

people exposed to noise. 34   It deserves careful reading by the Minnesota Public Utilities 2 

Commission.  This study describes the coping mechanisms and other adaptations to life style that 3 

people adopt when exposed to infra low frequency noise (ILFN) over long periods of time.  It is 4 

interesting to note that many of the coping mechanisms in that article are used by people who are 5 

now living in the footprint of wind utilities like the one proposed for Goodhue Wind.  Indeed, 6 

there has been an ongoing debate between Dr. Leventhall and Dr. Pierpont about the risks of 7 

exposure to wind turbine sounds that seem to be contradicted by the statements of Dr. Leventhall 8 

in this article.  If it can be assumed that the causal link between wind turbine noise exposure and 9 

the ILFN from wind turbines is established by the new medical research referenced earlier, and 10 

the levels of ILFN required to initiate a response from our bodies is lower than previously 11 

thought, then the disagreement between them appears to resolve in favor of Dr. Pierpont’s 12 

research. 13 

  The supplemental reports provided by AWA Goodhue written by Dr. Leventhal and others take 14 

issue with this position.  Leventhal’s critique of the Kamperman/James paper shows there are 15 

two primary issues that he felt requires a response.   16 

1) Kamperman/James are too focused on ILFN, and  17 

2) The proposed criteria using the difference in a-weighted sound levels and c-weighted 18 

sound levels should not apply. 19 

Information provided earlier in this testimony demonstrated that wind turbines do produce ILFN, 20 

including one chart showing infra sound from an early study of turbines by Leventhal, and that 21 

new research, not well known by acoustical engineers, show that the levels of acoustical energy 22 

are in the range of perception, above 90dB, for at least a small segment of the exposed 23 
                                                 
34 Leventhall, H. G. “Low Frequency Noise and Annoyance,” Noise and Health, Vol. 6, Issue 23, Page 59-72 (2004) 
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population.  One chart in this shows infra and is referenced from an early study of turbines by 1 

Leventhal.   With respect to whether wind turbines emit ILFN, consider that if one totals the 2 

acoustic energy of a wind turbine across the entire frequency spectrum from 16Hz up to the 3 

speech frequencies, the difference in the sum of the energy below 200 Hz is often 10-15 dB 4 

higher than the sum of the energy at 200 Hz and above.  It is clear that wind turbines are 5 

primarily producers of noise in the ILFN range.  Use of dBA criteria for this type of noise is non-6 

sensical. 7 

Any critique of the Kamperman/James emphasis on ILFN must consider that the 8 

recommendations be seen as precautionary.  At the time the manuscript was prepared there was 9 

less information about the nature of the sound emission in operating wind utilities.  Based on 10 

information culled from studies of some of the first wind projects in the US and other countries, 11 

it was decided that there was a need for a limit to ILFN as a precaution. We did not know, at that 12 

time, if all wind turbines produced the same spectrums as those we saw in the sound tests 13 

conducted for many of the participants in Dr. Pierpont’s study.  But, based on the initial 14 

indications, and our experience with other large fans, and related problems in work areas subject 15 

to ‘rumble’ it was decided to include criteria that would severely limit any increases in the 16 

existing long term ILFN to which people in rural areas are typically exposed. Dr. Leventhal’s 17 

critique misses this important point.  The focus by Kamperman/James on ILFN was initially 18 

precautionary.  Subsequent to the development of those criteria additional information has been 19 

accumulated that supports the need for that precaution. 20 

Even if only 5-10% of the people living in the footprint of an operating wind utility are 21 

susceptible, that is still a large number and given the fast rate at which wind utilities are being 22 

constructed this number will continue to increase.  The Kamperman/James manuscript is written 23 
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to apply the Precautionary Principle to what we do and do not know about the causal links and 1 

the short and long term health effects of wind turbine noise emissions.  The criteria developed in 2 

that manuscript, which I encourage the Public Utilities Commission to consider as a replacement 3 

for the current 50 dBA criteria, are based on that principle.  When solving one problem, the need 4 

for clean energy, it is not appropriate to expose people to a second problem, a potential health 5 

risk.  The discussion about the causal links between ILFN and adverse health effects can help the 6 

debate between those that are concerned about health effects and those who continue to deny 7 

need for such caution can now progress beyond the ‘if you can’t hear it, it can’t hurt you’ stage 8 

of argument.  When, new information of the type disclosed by Dr. Pierpont and others is made 9 

available, wind turbine manufacturers and reasonable experts will try to understand these new 10 

concepts before rejecting them in favor of the former beliefs. 11 

Dr. Leventhal’s critique of Kamperman/James’s use of C-A demonstrates that he did not conduct 12 

a careful review of the manuscript.  If he had done so, he would have noticed that the subscripts 13 

for the C-A criteria are: LCeq (immission) minus (LA90 (background) +5) ≤ 20 dB.  This formulation is 14 

again an application of the precautionary principle.  Given that we do not know how much 15 

increase in ILFN is needed to trigger an adverse health effect, the criteria was established to limit 16 

the additional ILFN from the operating turbines to no more than a small increase over the pre-17 

operational background sound levels.  In addition, the Kamperman/James paper suggests that the 18 

LCeq when the turbines are operating be limited to LCeq (emmision)= LC90(background) +5 dB 19 

and not exceed 55dBC LCeq.  In both cases, the justification is precaution. Until the extent of the 20 

links between nighttime sleep disturbance from audible sounds; and vestibular and cardio 21 

pathologies from audible sound or ILFN are known, it is best to error on the side of safety and 22 

health. 23 
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Dr. Nina Pierpont’s work 1 

Q: Please address the work of Dr. Nina Pierpont. 2 

A: The symptoms reported by Dr. Pierpont for people exposed to dynamically modulated 3 

ILFN from wind turbines are not that different from the symptoms reported by Kirsten Persson 4 

Waye in collaboration with Dr. Leventhal in their 1997 paper “Effects On Performance And 5 

Work Quality Due To Low Frequency Ventilation Noise,”35 This study compared the 6 

performance and other factors for a work group that was exposed to dynamically modulated low 7 

frequency sound to that of a work group exposed to more normal HVAC system sound spectrum 8 

with lower levels of LFN and no modulation.  This study reported that the group exposed to LFN 9 

reported: 10 

1. Subjective estimations of noise interference with performance were higher for the 11 
low frequency noise (exposed group) 12 

 13 
2. The exposure to low frequency noise resulted in lower social well-being ('96 14 

words)  "more disagreeable, less co-operative, helpful and a tendency to lower 15 
pleasantness "more bothered, less contented as compared to the mid frequency 16 
noise (exposed group) 17 

 18 
3. Data may indicate that the response time during the last part of the test was longer 19 

in the low frequency noise exposure e.g. cognitive demands were less well coped 20 
with under the low freq. noise condition. 21 

 22 
4.  The effects seemed to appear over time 23 

 24 
5.       The hypothesis that cognitive demands are less well coped with under the low                     25 

      frequency noise condition needs to be further studied. 26 
 27 

They also reported that a “few previous studies indicate that low frequency noise may reduce 28 

performance at levels that can occur in such occupational environments. Some of the symptoms 29 

that are related to exposure to low frequency noise such as  30 

1.         Mental tiredness,  31 

                                                 
35 Journal of Sound and Vibration (1997), 205(4), 467-474 
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2.         Lack of concentration and  1 

3.         Headache related symptoms. 2 

could be associated with a reduced performance and work satisfaction.” 3 

The reported symptoms and effects on mood were apart from tiredness in accordance 4 
with earlier findings on effects after exposure low-frequency noise.  The subjects 5 
reported a feeling of pressure on the head rather than headache and lower social 6 
orientation and pleasantness after low-frequency noise exposure  7 

 8 
Persson-Waye 1995. 9 
 10 

Given that this study identified adverse health effects from dynamically modulated LFN 11 

that is similar in level to what is experienced inside the homes of people living near turbines, one 12 

might think that Dr. Leventhal would embrace the new medical studies and Dr. Pierpont’s 13 

research as a possible answer to the HVAC study’s findings.  The symptoms listed in Dr. 14 

Pierpont’s report are very similar to those reported in the HVAC study. 15 

Q: Would you please summarize position of the World Health Organization? 16 

A: Certainly.  The World Health Organization (WHO) has a long established position that 17 

considers sleep disturbance to be an adverse health effect and to lead to secondary adverse health 18 

effects36.  Dr. Leventhal did not seem to think this was important enough to include in his 19 

critique of Kamperman/James or of Dr. Pierpont. Nothing about these guidelines was mentioned 20 

in either of Mr. Hessler’s reports. Chronic sleeplessness, in turn, causes a variety of health 21 

effects, including: 22 

[P]rimary physiological effects . . . induced by noise during sleep, including increased 23 
blood pressure; increased heart rate; increased finger pulse amplitude; vasoconstriction; 24 
changes in respiration; cardiac arrhythmia; and an increase in body movements.37” 25 
“Exposure to night-time noise also induces secondary effects, or so-called after effects . . 26 
. including reduced perceived sleep quality; increased fatigue; depressed mood or well-27 
being; and decreased performance.38 28 

                                                 
36 WHO (1999), pp. 44-46 
37 Id., p. 44. 
38 Id., pp. 44-45 
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Waking up in response to nighttime noise decreases as people get habituated to the noise; 1 

however, “habituation has been shown for awakenings, but not for heart rate and after effects 2 

such as perceived sleep quality, mood and performance.”39  3 

WHO issued the 2007 Night Time Noise Guidelines (NNGL) as a replacement for the 4 

1999 Guidelines.  These guidelines are intended to replace all earlier guidelines with respect to 5 

sleep and noise.   They supersede the prior guidelines that recommended that sleeping rooms be 6 

protected from outside sound that raises sound levels inside to above 30 dBA.   Because the 7 

earlier guidelines provided a limit in terms of interior sound levels and also included special 8 

conditions when low frequency sounds were present outside the home WHO explains that it was 9 

decided there was too much room for interpretation of their research findings. Thus, in 2007, 10 

following several years of research by respected experts in health and noise and three major 11 

meetings to present their findings WHO issued the new guidelines.  This time, they elected to 12 

establish the guidelines for the outside façade of the home and not the sleeping area.  This 13 

avoided issues such as whether windows are open and if so how much and also issues of various 14 

types of building construction that affect how low frequency sounds penetrate into the home.  15 

The focus was to establish science based guidelines that would promote healthful sleep.  16 

The table excerpted from WHO’s 2007 guideline clearly states that to avoid adverse health 17 

effects during sleeping hours that the sound levels at the outside wall of a home should not 18 

exceed 30 dBA at night.  It also states that when sound levels outside a home are over 40 dBA 19 

there is a sharp increase in adverse health effects; that people would be attempting to adapt to 20 

cope with the high outdoor noises, and that the more vulnerable members of the exposed 21 

population would be severely affected.  These are the same sound levels that AWA Goodhue has 22 

claimed are compatible with the community and safe for the people living under and adjacent to 23 
                                                 
39 Id., p. 45. 
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the turbines.  WHO’s descriptions of the health effects on the exposed populations closely 1 

parallel the experiences of people in other communities where wind utilities are currently 2 

operating.  3 

Q: Hast the World Health Organization’s position triggered further regional and local 4 

analysis of the impacts of wind turbines? 5 

A: Yes. The new guidelines from WHO and other recent medical research have led several 6 

health organizations to call for serious research before more wind turbines are located near 7 

people’s homes.   Recently, Health Canada, which functions much as the US Center for Disease 8 

Control does in the US, issued a position statement calling for reconsideration of a wind utility 9 

project in Nova Scotia that would result in sound levels at homes similar to those projected for 10 

the AWA Goodhue project.  The basis for their statement includes the new medical research, 11 

Guidelines such as WHO’s, and the existence of other projects in Nova Scotia where the studies 12 

submitted for permitting showed no potential for health risks or complaints but operation of the 13 

utilities resulted in them anyway.  The Maine Medical Association, which has been evaluating 14 

new health research on residents of Maine’s first wind utility at Mars Hill, issued a Resolution 15 

stating: 16 

WHEREAS, there is a need for modification of the State’s regulatory process for 17 
siting wind energy developments to reduce the potential for controversy regarding 18 
siting of grid-scale wind energy development and to address health controversy 19 
with regulatory changes... (emphasis added) 20 
 21 
Minnesota’s medical community, outside the Public Health Inquiry Regarding Health 22 

Impacts of Wind Turbines (PUC Docket 09-845), has yet to address the health controversy with 23 

a call for regulatory changes, but the situation in Minnesota is similar to that in Maine and 24 

elsewhere.  Public officials with a duty to protect the public health and welfare should seriously 25 
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consider whether it is a wise decision to grant permits to a utility operator that, by its own 1 

admission, will expose the public to unsafe conditions 24 hours a day and 365 days a year. 2 

Those who wish to be fair and impartial in making decisions that affect the public and its 3 

health should note that many of the complaints this author has been asked to evaluate for 4 

residents and local governments including wind utilities operating or proposed in New York and 5 

other states, Canada, the U.K., and, places as remote as New Zealand are all directly related to 6 

noise resulting from operation of turbines during conditions excluded from the IEC test results 7 

and the sound propagation models.    8 

Q: Do you have any words of conclusion regarding this project? 9 

A: Many questions have been raised.  Has AWA Goodhue, in its reports, presentations, 10 

studies and recommendations to the Public Utilities Commission, discussed these negatives and 11 

uncertainties in an open manner or have they focused on defending themselves when these issues 12 

have arisen through public questions?  Have they disclosed that there are operating wind utilities, 13 

possibly even some of their own, where complaints or lawsuits have been lodged?  14 

Finally, this caution is offered.  If the data submitted by AWA Goodhue has created the 15 

impression with the Public Utilities Commission that there will be no future problems from noise 16 

they should consider that these same assertions were made to other government officials tasked 17 

with deciding on whether or not to issue permits.  The local government officials of areas 18 

affected by AWA Goodhue’s plans for a wind utility will be in the same place as the officials of 19 

other communities where anger, complaints, and litigation are common.  Those other officials, or 20 

their successors, are now facing complaints and threats of litigation from the people living in 21 

their wind utility’s footprint.  22 
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Background sound levels obtained by an independent acoustical consultant (Kamperman) 1 

shows that existing conditions at the Glacier Hills project in Wisconsin are often below 30 dBA.   2 

My own findings regarding the Goodhue site, just completed, are similar.  Operation of wind 3 

turbines will increase sound levels on a routine basis to 40-45 dBA for many local residents and 4 

above that for conditions not accounted for in the models.  For AWA Goodhue to meet WHO’s 5 

guidelines the limits for sound at affected properties would need to be set at 35 dBA or lower.  6 

The studies and representations by AWA Goodhue show that estimated sound levels at 7 

properties adjacent to and inside the footprint of the proposed utility will exceed the nighttime 8 

sound levels WHO has identified as a health risk even without applying 5dB for tolerances and 9 

10-15 dB for blade swish.  Experience with other wind utilities with operating turbines having 10 

similar sound emission characteristics shows that wind turbine noise levels at distances of 1500 11 

feet can exceed 50 dBA and that sound levels inside homes can easily exceed 30 dBA.  12 

Based on the above, the AWA Goodhue project, as proposed, will, with a high degree of 13 

certainty, have noise and health impacts that are "significant."   14 

Q:  Does this conclude your testimony? 15 

A: Yes, it does. 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 
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