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DIRECT TESTIMONY OF MARK THAYER 

Q.1. Please state your name and business address? 

A.I. My name is Mark Thayer. I am an Emeritus Professor in the Department of 

Economics at the San Diego State University, San Diego, Ca 92182. 

Q.2. On whose behalf are you testifying on today? 

A.2. I am testifying on behalf of Champaign Wind LLC, the Applicant in this 

proceeding. 

Q.3. What is the purpose of your testimony? 

A.3 The purpose of my testimony is to discuss the relationship between wind farms 

and surrounding property values 

Q.4. Please provide a summary of your qualifications 

A.4. I received my Ph.D. in Economics from University of New Mexico in 1979. My 

field of expertise is environmental, natural resource, and energy economics. I am 

currently an emeritus professor and the Chairperson in the Department of Economics at 

San Diego State University. I have thirty years of experience in both university and 

government service and extensive experience integrating environmental and energy 
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related matters into decision making at the state and federal level. I have published 

numerous research articles in professional journals such as the American Economic 

Review, Journal of Political Economy, Journal of Environmental Economics and 

Management, Land Economics, Natural Resources Journal, Journal of Urban 

Economics, Economic Inquiry, Journal of Sports Economics, and Journal of Human 

Resources. I have been a principal investigator on projects funded by entities such as the 

California Air Resources Board, California Energy Commission, U.S. Environmental 

Protection Agency, U.S. Geological Survey, the South Coast Air Quality Management 

District, the National Science Foundation, and numerous private entities. My recent 

research includes a grant from the California Air Resources Board to examine the impact 

of air pollution on cardiovascular disease, on-going research projects related to energy 

efficiency (both program development and evaluation), an evaluation of the economic 

effects of nickel refining, and the assessment of the impact of wind farms and solar 

photovoltaic energy on residential property values (see Appendix A for my entire 

curriculum vitae). 

Q.5. Please provide a summary of the recent literature on the impact of wind farms on 

nearby property values. 

A.5. There have been five large empirical studies completed since December 2009 that 

examined the impact of wind farms on nearby property values: (1) "The Impact of Wind 

Power Projects on Residential Property Values in the United States: A Multi-Site 

Hedonic Analysis" (B. Hoen, R. Wiser, P. Cappers, M. Thayer, and G. Sethi), December 

2009; (2) "Wind Farm Proximity and Property Values: A Pooled Hedonic Regression 

Analysis of Property Values in Central Illinois" (J.L. Hinman), May 2010; (3) "The 
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Effect of Wind Farms on Residential Property Values in Lee County, Illinois" (J. Carter), 

Spring 2011; (4) "Values in the Wind: A Hedonic Analysis of Wind Power Facilities" 

(M.D. Heintzelman and C.M. Tuttle), July 2011; and (5) "Impact of the Lempster Wind 

Power Project on Local Residential Property Values" (M. Magnusson and R. Gittell), 

January 2012. In practice these studies have become known as: (1) the LBNL study since 

it was conducted by the Lawrence Berkeley National Laboratory; (2) the Hinman study; 

(3) the Carter study; (4) the Clarkson study, which is the university that employs the 

authors; and (5) the Lempster study. These studies all use similar methodologies 

(hedonic price method) and data and, remarkably, come to the exact same conclusion. 

Specifically, all studies conclude that, post-operation/construction, there is no 

identifiable effect of wind power projects on nearby residential property values. In 

addition, three of the studies (LBNL, Hinman, and Clarkson) suggest that there may be 

negative property value effects in the post-announcement, pre-construction phase. This 

effect has been labeled "anticipation stigma" by Hinman. However, in all studies these 

anticipation effects are transitory and disappear once the operation of the wind farms 

commences. 

Q.6. Please provide a brief explanation of the empirical methodology used to examine the 

impact of wind farms on nearby property values. 

A.6. The hedonic pricing method is a data intensive process that requires information 

on a large number of residential property sales (many thousands) and corresponding 

home characteristics �quantity measures (e.g., square feet of living area, lot size, number 

of bathrooms, bedrooms, etc.), quality measures (e.g., number of fireplaces, condition of 

home, presence of pool, air conditioning, scenic vista, etc.), location specific variables 



(e.g., local school quality, demographics, socioeconomic status, distance to important 

activities, environmental quality measures, etc.), and the variables of interest (e.g., view 

of wind turbines, distance to wind turbines). 

The hedonic price method has been used by economists and real estate practitioners for 

over 40 years and is a "method for estimating the implicit price of the characteristics that 

differentiate closely related products in a product class." Thus, the hedonic pricing model 

is designed to place an economic value on specific characteristics of a home (e.g., value 

of an additional bathroom, a pool, or view of wind turbines). The method uses a large 

number of observations (many thousands) and controls (holds constant) a large number of 

possibly confounding variables. Data is generally drawn from a large geographic area in 

order to obtain enough variation in all characteristics. Data can be from either a restricted 

period of time (cross-sectional analysis) or an extended period of time (time-series 

analysis). Finally, the method can be used effectively to appraise homes due to extensive 

data set - however, constantly updating the data set is expensive and time consuming. 

The hedonic price method is not an appraisal model, which is designed to determine the 

estimated selling price of an individual home, uses a small number of observations 

(comps), controls (holds constant) a small number of variables (square footage, home 

style, pool), uses data from a very restricted area (e.g., close to the subject home) and 

from a very restricted time period (e.g., previous six months). An appraisal model cannot 

be used effectively to evaluate the contributory value of a specific home characteristic 

due to insufficient observations. 

Q.7. As a co-author please provide a summary of the LBNL study. 



A.7. The study was completed by the Environmental Energy Technologies Division of 

the Ernest Orlando Lawrence Berkeley National Laboratory (LBNL) and was funded by 

the Office of Energy Efficiency and Renewable Energy (Wind and Hydropower 

Technologies Program), U.S. Department of Energy, Contract No. DE-ACO205CH1 123. 

The Lawrence Berkeley National Laboratory is an independent (i.e., not associated with 

or beholden to utilities, government agencies, etc.) national lab. 

Prior to the LBNL study the literature on the effect of wind farms on nearby property 

values could be characterized as: (1) over-reliant on surveys of homeowners or real estate 

professionals, rather than quantifying real impacts based on market data; (2) based on 

small datasets from a single wind project study area, making it difficult to extrapolate 

findings; (3) based on simple statistical techniques that allow results to be dramatically 

influenced by small numbers of sales transactions or survey respondents; (4) lacking 

reported statistical significance of the results, making it difficult to determine if the 

results were meaningful; (5) concentrated on Area Stigma while ignoring Scenic Vista 

and/or Nuisance Stigma; (6) failing to include field visits to homes to determine wind 

turbine visibility and collect other important information; and (7) generally not subject to 

peer-review (see Figure 1). 

In response, the LBNL study was designed to be data-rich and comprehensive in that it is 

based on a large number of observations on residential sales transactions occurring both 

pre- and post-construction surrounding a representative sample of wind farms at multiple 

locations in the U.S., included visits to each home to determine wind turbine visibility 

and to collect other important information about the home (e.g., the quality of the scenic 

vista), used multiple statistical models to explore magnitude and statistical significance of 



potential effects, tested for the presence of all three stigmas (area stigma, scenic vista 

stigma, and nuisance stigma), based on rigorous analysis of the data, and culminated in 

an LBNL report, and a paper submitted to and accepted at a peer-reviewed academic 

journal. 

As indicated, the LBNL study was designed to examine three potential stigmas associated 

with wind power projects: (1) area stigma - concern that surrounding areas will appear 

more developed or industrialized; (2) scenic vista stigma - concern over decrease in 

quality of scenic vistas from homes; and (3) nuisance stigma - concern that factors (e.g., 

noise, vibration) that occur in close proximity will have unique impacts. 

The LBNL study used data from a representative set of wind power projects. Specifically, 

home sales transactions (not assessments, listings, or appraisals) were collected from ten 

study areas surrounding 24 wind farms in nine states (see Figure 2) - a total of 7,459 

sales transactions (1,754 pre-announcement, 768 post-Announcement / pre-Construction, 

and 4,937 post-construction). Figure 3 provides summary data for the study areas, with 

comparative information for the zip codes surrounding the Tule wind project. Each sales 

transaction contained all important home characteristics (quantity and quality measures 

and location specific variables). In addition, each and every home in the data set was 

visited by the research team to ascertain wind turbine visibility and proximity to wind 

turbines, and to collect other important information about the home (e.g., the quality of 

the scenic vista). Each home was given a wind turbine visibility rating (see Figure 4) and 

was placed on a grid relative to the wind turbines (see Figure 5). 
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Figure 1 
Previous Wind and Property Studies 

Document Type 
Year 

Number of 
Transactions 

or 
Respondents 

Before or After 
Wind Facility 
Construction 
Commenced 

Area 
Stigma 

Scenic 
Vista 

Stigma 
Nuisance 
Stigma Author(s) 

Homeowner Survey  
Haughton et al. 2004 501 Before  

Goldman 2006 50 After none  
Firestone et al. 2007 504 Before  

Bond 2008 -300 After - ? - 

Expert Survey  
Grover 2002 13 After none none 
Haughton et al. 2004 45 Before  

Khatri 2004 405 Beforet - ?  ? 

Goldman 2006 50 After none  none 
Crowley 2007 42 After none none none 
Kielisch 2009 57 Beforet - 

Transaction Analysis - Simple Statistics 
Jerabek 2001 25 After  none 
Jerabek 2002 7 After  none 
Sterzinger et al. 2003 24,000 After none  
Beck 2004 2 After  none 
Poletti 2005 187 After none  none 
DeLacy 2005 21 Before none  
Goldman 2006 4 After none  
Poletti 2007 256 After none  none 
McCann 2008 2 After - ? 

Kielisch 2009 103 After - ? 

Schneider 2010 2,330 Before - 	none 

Transaction Analysis Hedonic Model 
Jordal-Jorgensen 1996 ? After - 
Hoen 2006 280 After  none  
Sims & Dent 2007 919 After - * 
Sims et al. 2008 199 After  

Hoen, Wiser et al. 2009 7,459 After none none none 
"none" indicates the majority of the respondents do not believe properties have been affected (for surveys) 
or that no effect was detected at 10% significance level (for transaction analysis) 

?" indicates a negative effect without statistical significance provided 
" indicates statistically significant negative effect at 10% significance level 

" indicates positive and negative statistically significant effects at 10% significance level 

t Sales were collected after facility announcement but before  construction 



Figure 2 
Collective Sales Data from Ten Study Areas Surrounding 24 Wind Farms in Nine States 

7,459 Residential Sales Transactions 
1,754 Pre-Announcement, 4,937 Post-Construction, and 
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Figure 3 
Comparative Data 

County Population Population/mi2 Median Age Median Income Median Home Value 

Benton, WA 159,414 94 34.4 $ 	51,464 $ 	162,700 

Walla Walla, WA 57,709 45 34.9 $ 	43,597 $ 	206,631 

Umatilla, OR 73,491 23 34.6 $ 	39,361 $ 	138,200 

Howard, TX 32,295 36 36.4 $ 	36,684 $ 	60,658 

Custer, OK 26,111 26 32.7 $ 	35,498 $ 	98,949 

Buena Vista, IA 19,776 36 36.4 $ 	42,296 $ 	95,437 

Lee, IL 35,450 49 37.9 $ 	47,591 $ 	136,778 

Kewaunee, WI 20,533 60 37.5 $ 	50,616 $ 	148,344 

Door, WI 27,811 58 42.9 $ 	44,828 $ 	193,540 

Somerset, PA 77,861 72 40.2 $ 	35,293 $ 	94,500 

Wayne, PA 51,708 71 40.8 $ 	41,279 $ 	163,060 

Madison, NY 68,829 106 36.1 $ 	53,600 $ 	109,000 

Oneida, NY 

M 
I 

232,304 
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I 

38.2 $ 	44,636 
I 	 I 
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Figure 4 
Four Qualitative Ratings Were Used for Dominance of View of Wind Turbines 
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Figure 5 
Distance to Nearest Turbine at Time of Sale Was Determined 
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The results of the LBNL study are depicted in Figures 6 - 8. As shown in Figure 6 there 

is no statistically significant relationship between view of turbines and home sale prices; 

that is, views of the turbines do not negatively (or positively) affect home sales prices. 

Likewise, as shown in Figure 7, proximity to wind turbines has no statistically significant 

impact on home sales prices. Finally, as shown in Figure 8, homes nearest the turbines 

were depressed before construction and appreciated the most after construction while 

homes further away were largely unchanged over time. The overall conclusions from the 

LBNL report can be summarized as follows: the risks of property value impacts are often 

expected but the LBNL research suggests that property value impacts related to view and 

distance are not significantly different from zero. Specifically, the LBNL study found: (1) 

no statistical evidence that sales prices of homes with a view of the turbines were 

significantly affected even if the view was "dramatic;" (2) no statistical evidence that 

sales prices of homes near wind facilities were significantly affected by those facilities as 

compared to other homes in the region; and (3) no statistical evidence that sales prices of 

homes within a mile of the nearest wind turbine were significantly affected by those 

facilities as compared to other homes in the region. 

In addition, the LBNL research team used alternative statistical models (e.g., repeat sales 

and sales volume analyses) and offer the following conclusions. First, appreciation rates 

for homes near the wind farms were not significantly different than appreciation rates for 

homes located farther from the wind farms. Second, the sales volume of homes near wind 

farms was not statistically different than the sales volume of home located farther from 

the wind farms. 
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The LBNL research team also conducted a variety of sensitivity tests to make sure that 

the base results were robust and stable and unaffected by influential observations, 

functional form, sampling, the set of independent variables, etc. The results were found to 

be unaffected by any of these potential influences. The LBNL report was then subject to 

two levels of external review. First, the draft report was sent to approximately 50 experts 

and comments were incorporated into a revised report that eventually became a LBNL 

monograph. Second, a draft manuscript was submitted to a leading academic journal for 

evaluation and a decision regarding publication. After an extensive review the paper was 

accepted and ultimately published in the Journal of Real Estate Research 

(July/September 2011). 

Therefore, based on analysis of 7,459 single family home sales before, during, and after 

wind farm development in the U.S., the LBNL study concluded that there was NO 

IMPACT from wind farms on the sale prices of these residential properties. 
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Figure 6 
Base Hedonic Model Results 

A Lack of Statistical Evidence that Views of Turbines Affect Sales Prices 

No View of Turbines 	Minor View 	Moderate View 	Substantial View 	Extreme View 
(n=4207) 	 (n=561) 	 (n=106) 	 (n=35) 	 (n=28) 

The reference category consists of transactions for homes without a view of the turbines, 
and that occured after construction began on the wind facility 
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Figure 7 
Base Hedonic Model Results 

A Lack of Statistical Evidence that the Distance to the Nearest Turbine Affects Sales Prices 
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Within 3000 Feet 	Between 3000 Feet 	Between 1 and 3 Miles Between 3 and 5 Miles 	Outside 5 Miles 
(n=67) 	 and 1 Mile (n=58) 	 (n=2019) 	 (n=1923) 	 (n=870) 

The reference category consists of transactions for homes situated more than five miles from the nearest 
turbine, and that occured after construction began on the wind facility 
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Figure 8 
Temporal Aspects Model Result Homes Nearest the Turbines Were Depressed in Value Before 

Construction and Appreciated the Most After Construction While Homes Further Away Were Largely 
Unchanged Over 

25% 

20% 

U) 15% 
w 
C-) 
C 

10% 

o 5% 
Q) 
tto 
CU 
.4-’ 	0% 
C 
a) 
C-) 

a) -5% 

C) 
on 

-10% 

< -15% 

-20% 

-25% 

Price Changes Over Time  
Average percentage difference in sales prices as compared to reference category 

Reference Category 

Outside of 5 Miles 
More Than 2 Years 

Before Announcement  

---Less Than 1 Mile 	�U�Between 1 and 	Miles 

*�Between 3 and 5 Miles 	��Outside5 Miles 

PRE ANNOUNCEMENT _________ POST CONSTRUCTION 

More Than Less Than After Less Than Between More Than 
2 Years 2 Years Announcement 

: 	
2 Years 2 and 4 Years 4 Years 

Before Before Before After After After 
Announcement Announcement ! 	 Construction ! 	 construction Construction Construction 

The reference category consists of transactions of homes situated more than five miles from where the nearest 

Time 
	 turbine would eventually be located and that occurred more than two years before announcementof the facility 
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Q.8. Please respond to criticisms leveled through internet. 

A.8. The LBNL study was extensively peer reviewed and resulted in both a LBNL 

monograph and an article in a peer-reviewed academic journal. In addition, there have 

been several reviewers who have offered criticisms through the internet. In response, the 

LBNL team did post a formal response to these internet criticisms (see Appendix B). 

Q.9. Please briefly summarize the literature subsequent to the publication of the LBNL 

study. 

A.9. In the period from December 2009, the date of the publication of the LBNL 

monograph, through January 2012 there have been four hedonic property value studies of 

the impact of wind farms on nearby residential housing values. Hinman (May 2010) 

examined 3,851 residential property transactions from January 2001 - December 2009 

from McLean and Ford Counties, Illinois. This study strongly rejected the hypothesis that 

wind farm development negatively affected home values post construction. Hinman did 

find evidence of "anticipation stigma" in the post-announcement, pre-construction phase 

but this effect disappeared once the wind farms were operational. 

The Carter study (Spring 2011) examined 1,298 real estate transactions that occurred in 

Lee County, Illinois (also one of the LBNL study areas) over the period 1998 - 2010. The 

analysis indicated that residential property prices in Lee County were not negatively 

affected by proximity to wind turbines. 

The Clarkson study used data on 11,331 property transactions over nine years in Northern 

New York and found that wind facilities significantly reduce property values in two of 

the three counties studied. At first blush this result seems inconsistent with the findings of 
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LBNL, Hinman, and Carter. However, closer examination of Table 1 in the Clarkson 

study reveals that the authors have little or no property transactions from the post-

construction phase. The study examines the period 2000-2009. The startup for the wind 

farm in Franklin County was 2009 (or after) so in Franklin County the study could have 

no data from the post-operation period. Similarly, in Clinton county the startup was 2008 

or 2009 so again there is little (if any) data possible post-operation. Only in Lewis County 

is there any possibility of having data post-operation since startup was in 2006. But the 

authors find "no impact" (actually a positive result) in Lewis County. In fact, the authors 

suggest that wind farm effects could be short-term in the discussion section. So, to 

conclude, in counties in which there were no data post-operation the Clarkson authors 

find an impact - entirely consistent with the findings of "anticipation stigma" in the 

Hinman study. In the one county (Lewis) in which there was potential post-operation data 

the Clarkson authors do not find an impact, entirely consistent with the studies by LBNL, 

Hinman, Carter, and Magnusson and Gittell (the Lempster study), which is the entire 

hedonic literature on the effect of wind farms on residential property values. 

The final study was conducted around the Lempster wind farm in New Hamshire and 

examined 2,593 property transactions. This January 2012 study found no conclusive 

evidence of statistically significant impacts of wind turbines on residential property 

values consistent with area stigma, view stigma, or nuisance stigma. Anticipation stigma 

was not addressed. 

Q.10. Have you reviewed the Application in this proceeding and the October 10, 2012 

Staff Report of Investigation. 

A.10. Yes. 



Q.11. Do you have an opinion as to whether property values will be affected by this 

Project? 

A.11. Yes, based on the LBNL study, which analyzed 7,459 single family home sales 

before, during, and after wind farm development in the U.S. and the literature subsequent 

to the LBNL study, my opinion is that there will be NO IMPACT from wind farms on 

the sale prices of residential properties. 

Q.12. Does this conclude your direct testimony? 

A.12. Yes. 
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"Near Term Prospects for Solar Energy: An Economic Analysis" (with W. Schulze et al.), Natural 
Resources Journal, Volume 17, pp.  169-207, April 1977. 
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Environmental Economics and Management, Volume 8, Number 1, pp.  27-44, March 1981. 
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Julie Richardson, Earthscan Publications Limited, London, 1992. 

Reprinted in Economics of the Environment, edited by Wallace Oates, Edward Elgar Publishers, 
London, 1992 

"An Experiment in Valuing Senior Companion Program Services" (with C. Garbacz), Journal of 
Human Resources, Volume 18, Number 1, pp. 147-153, Winter, 1983. 

"The Economic Benefits of Preserving Visibility in the National Parklands of the Southwest" (with W. 
Schulze et al.), Natural Resources Journal, Volume 23, pp.  149-173, January 1983. 

"A Test of the Expected Utility Model: Evidence from Earthquake Risks" (with D. Brookshire, J. 
Tschirhart, and W. Schulze), Journal of Political Economy, Volume 93, Number 2, pp.  369-389, April 
1985. 

"The Robustness of Hedonic Price Estimation: Urban Air Quality" (with P. Graves, J. Murdoch, and D. 
Waldman), Land Economics, Volume 64, Number 3, pp.  220-233, August 1988. 
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Hedonic Price Differentials" (with P. Brucato and J. Murdoch), Journal of Environmental Management, 
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Introduction 

On November 20, 2009, the Industrial Wind Action Group (IWAG) posted an editorial that, in 
part, lists a number of concerns about Berkeley Lab’s efforts to investigate the presence of 
residential property value impacts associated with U.S. wind power facilities.’ That editorial 
follows from more-extensive review comments provided on September 11, 2009 by the 
Industrial Wind Action Group. 2  The more extensive comments were provided during the external 
review of the draft Berkeley Lab report, and were one of roughly 20 sets of external review 
comments received by stakeholders and experts at that time. All of these comments were 
considered during revisions to the draft report, culminating in the final analysis and report issued 
on December 2, 2009. 

Though the final Berkeley Lab study largely speaks for itself, this memorandum offers a brief 
response to the specific comments enumerated in the September 11th review letter by the IWAG, 
some of which were also mentioned in the November 20th letter. 3  Before responding to the 
specific comments offered in either critique, however, one important observation should be 
made: the Berkeley Lab report does not offer definitive proof that wind projects, under all 
circumstances, will never impact residential property values. Therefore, as the IWAG correctly 
claims, the results of this work should not be summarized as such. Rather, the Berkeley Lab 
work, as discussed extensively in the final report, finds no persuasive evidence of any consistent, 
measurable, and statistically significant effect given the sample of home sales transactions 
evaluated. As noted on several occasions in the report, although the analysis cannot dismiss the 
possibility that individual homes or small numbers of homes have been or could be negatively 
impacted, the extensive research finds that, if these impacts do exist, they are either too small 
and/or too infrequent to result in any widespread, statistically observable impact within the 
sample of nearly 7,500 home sales transactions evaluated. 

IWAG Comment: Regression analysis is not in accordance with the International 
Association of Assessing Officers’ (IAAO) established methods 

The IWAG claims that the methods employed by the Berkeley Lab study are not in accordance 
with the established methods of the International Association of Assessing Officers (IAAO), 
potentially rendering the results of the study meaningless. 

"False conclusions based on flawed real estate studies," http://www.windaction.org/faqs/24176.  

2  "Hedonic analysis of the impact of wind power projects on residential property values in the United States," 
http://www.windaction.org/documents/24178.  

3 The editorial posted on November 20th makes a number of additional claims, suggesting that the authors of the 
study 
were predisposed to a preferred outcome, had no interest in conducting a legitimate study, and had no interest in 
releasing a final report. These claims are baseless, and are therefore not addressed here. 
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Response: The methods of the IAAO are irrelevant for estimating a hedonic pricing model of the 
nature used in the Berkeley Lab report. 
As noted in the final report, neither hedonic pricing models nor the Berkeley Lab research is 
designed to assess or appraise properties (i.e., to establish an estimate of the market value of a 
home at a specified point in time, which is the context in which the IAAO standards are 
applicable). Rather, hedonic models are designed to estimate the marginal contribution of 
individual house or community characteristics to sales prices, which requires hedonic models to 
rely upon large data sets with a sizable number of explanatory variables. On the other hand, 
appraisal models (e.g., automated valuation models) in general are based on small, localized data 
sets (i.e., "comps") and a limited number of explanatory variables that pertain to nearby 
properties. Hedonic models can also be used as appraisal models due to their use of significantly 
more information (e.g., diverse spatial, temporal, and characteristic information) and rigorous 
methodology. Automated valuation models cannot, however, be reliably used to measure 
marginal effects because they do not employ sufficient information to do so, and, more 
importantly, they do not rigorously hold controlling characteristics constant, which would bias 
any resulting estimates of marginal effects. 

As discussed in Section 2.1 of the final report, the hedonic pricing method is well established and 
widely used in the economics and real estate literature for evaluating the marginal impacts of 
environmental amenities and disamenities on housing prices. Standards relevant for estimating a 
hedonic function have been developed through an extensive literature that began with the 
seminal works of Rosen (1974) and Freeman (1979). The Berkeley Lab report clearly documents 
the history and use of the hedonic pricing model, its appropriateness for exploring the possible 
impact of wind projects on property values, and how the multiple statistical models employed in 
the Berkeley Lab research relate to the broader economics and 
real estate literature. 

IWAG Comment: Study neglects to explain the risks of employing Hedonic analysis 
The IWAG claims that the study neglects to explain the risks of employing hedonic analysis, that 
causal conclusions drawn about a dataset when utilizing hedonic analysis are often 
unsupportable, and that the literature is highly critical or even dismissive of the hedonic method. 
Further, the IWAG notes that, "a major limitation of observational data is that they often do not 
provide adequate information about cause-and-effect relationships" (i.e., correlation does not 
necessarily imply causation). 

Response: The final report offers a review of the hedonic literature, and provides a number of 
citations to which a reader can go for a more extensive review of the history and use of this 
method. As discussed in the report, though all methods have limitations, the hedonic pricing 
method is well established. The literature is neither "highly critical" nor "dismissive" of the 
method; if anything, the opposite is true. 4  Moreover, as discussed in the Berkeley Lab report, 
there is an extensive literature that has steadily improved the method, and the method is regularly 
used by both economics and real estate experts to evaluate the marginal impacts of 

For example, see Jackson (2003; 2005) for a discussion of the various methods available for estimating the impact 
of 
environmental disamenities and their strengths and weaknesses. 
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environmental amenities and disamenities on housing prices. The hedonic method is the most 
appropriate approach to evaluate the question at hand: whether wind energy facilities have any 
demonstrable and widespread effect on home prices. 

Moreover, the study employs not one, but eight different hedonic models, as well as both repeat 
sales and sales volume models, all of which provide tests for the robustness of the results. The 
consistency of the results of these various analyses provides confidence in the final results 
discussed in the report and, in combination with the extensive data collection effort, produces the 
most comprehensive and data-rich analysis to date in the U.S. or abroad on the possible impacts 
of wind projects on property values. 

The IWAG is correct that hedonic analysis focuses on correlations, and that correlation does not 
necessarily imply causation. At the same time, the Berkeley Lab analysis finds no correlation 
between wind facilities and home sales prices. Because of this finding, and because of the care 
taken by Berkeley Lab in the measurement of the variables of interest, the difference between 
correlation and causation is moot: with no correlation there can be no causation. 

IWAG Comment: Background review of other studies was not thorough 
The IWAG notes that much of the previous work that has investigated the potential impact of 
wind projects on property values has limitations, rendering the results of some of this literature 
misleading or invalid. 

Response: The Berkeley Lab report authors agree that there are a number of limitations to the 
previous work, a point made clearly in Section 2.2 of the final report. Specifically, a large 
number of the previous studies investigating property value effects surrounding wind facilities 
have not been peer reviewed, and suffer from a variety of substantive limitations (e.g., lack of 
reliance on market data, small sample sizes, overly simplistic statistical techniques, and 
unreported statistical significance). As discussed extensively in the report, the methods applied 
by Berkeley Lab were specifically intended to overcome many of the limitations of this previous 
literature. As a result, the Berkeley Lab research is the most reliable, comprehensive, and data-
rich analysis to date on the possible impacts of wind projects on property values. 

IWAG Comment: No clear evidence the data used was checked for accuracy 
The IWAG argues that there is no evidence that the data used in the model were checked for 
accuracy, and that non-valid sales transactions (i.e., "dirty sales") might have been included in 
the final data set. 

Response: As noted in the final report in Section 3.2.1, only "valid" sales are included in the 
dataset; as discussed, the validity of those transactions is determined as follows: 

"Validity was determined by each individual county data provider. A sale that is 
considered "valid" for county purposes would normally meet the minimum requirements 
of being arm’s length; being a transfer of all rights and warrants associated with the real 
estate; containing an insignificant amount of personal property so as not to affect the 
price; demonstrating that neither party in the sale acting under duress or coercion; not 
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being the result of a liquidation of assets or any other auction, a mortgage foreclosure, a 
tax sale, or a quit claim; and being appropriate for use in calculating the sales price to 
assessed value ratios that are reported to the state. Due to the formal requirements 
associated with this calculation, "validity" is often defined by a state’s Department of 
Revenue..." 

Though the study therefore relies, to some degree, on individual county-level data providers to 
help ensure the validity of the resulting sales data, it is highly unlikely that the many kinds of 
sales of concern to the IWAG are included in the final data set. Moreover, to provide greater 
certainty to that finding, the authors also excluded transactions that had certain characteristics 
that might place them in doubt (e.g., transactions that occurred within six months of a previous 
sale of the same home, and transactions that produced a statistical residual greater than six 
standard deviations from the mean of all residuals) 5 . In addition, tests were conducted to evaluate 
whether certain additional transactions that might be classified as outliers and/or influencers (i.e., 
dirty sales) might be inappropriately influencing the results. A thorough inspection of this group 
of outliers and/or influencers was conducted to help ensure that the dataset met the requirements 
for a hedonic model and that the results are not inappropriately influenced by suspect data. These 
procedures are documented clearly in the final report in Appendix G. 

IWAG Comment: No information in the study confirms whether the model was tested or 
calibrated using actual sales data 
The IWAG claims that, according to IAAO, when a model is specified an iterative process of 
calibrating the model using data sets is necessary to test and fine tune the model’s coefficients. 
The IWAG also notes that thousands of possible models can be applied in a given situation, and 
argues that the authors should explain what process was followed in the Berkeley Lab analysis. 

Response: As stated above, the IAAO standards are not relevant for the hedonic pricing models 
used in the Berkeley Lab research: the research is not designed to appraise properties. 

The research does, however, follow typical research protocols for estimating and interpreting a 
hedonic price function. As noted clearly and repeatedly in the body of the report and in the 
appendices, a variety of hedonic models were tested, from which the final models were selected. 
The process of selecting the final eight hedonic models is discussed throughout the document, 
and the results of alternative model specifications are discussed in a number of footnotes and in 
the appendices. The performance of the final models are reported (e.g., adjusted R2 and other 
statistics), and are consistent with hedonic analyses conducted by others. Moreover, the results 
are benchmarked to the broader hedonic literature as discussed in the following passage from 
Section 4.3: 

The rationale for these restrictions is provided in the full Berkeley Lab report. As noted in Section 3.2.1, these 
excluded transactions total 39, 32 of which occurred following construction, two were for homes that had a view of 
the turbines (both minor), and one was for a home located inside of one mile. Although the sale that involved a 
home located inside of one mile was removed, a number of other homes from the same neighborhood, also inside of 
one mile, were included in the final dataset. 
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"To benchmark the results against those of other practitioners the research by Sirmans et 
al. (2005a; 2005b) was consulted. They conducted a meta-analysis of 64 hedonic studies 
carried out in multiple locations in the U.S. during multiple time periods, and 
investigated the coefficients often commonly used characteristics, seven of which were 
included in the model. The similarities between their mean coefficients (i.e., the average 
across all 64 studies) and those estimated in the present Base Model are striking." 

The report then compares each coefficient in the base hedonic model to those in Sirmans et al. 
and finds, in conclusion, 

"As a group, the Base Model estimates differ from Sirmans et al. estimates in all cases by 
no more than a third of the Sirmans et al. mean estimate’s standard deviation. This, taken 
with the relatively high adjusted R2 of the... model [0.77], demonstrates the 
appropriateness of the model’s specification." 

IWAG Comment: The data set is not homogeneous; data is drawn from across the country 
The IWAG claims that lack of homogeneity in the final data set is fundamentally problematic, 
and argues that a basic assumption of a regression analysis is that the data are reasonably 
homogenous (i.e., that the homes included in the dataset are reasonably similar in characteristics, 
amenities, etc.). The IWAG also argues that applying the same weight to property characteristics 
(e.g., fireplaces) across the entire nine-state region is inappropriate. Finally, the IWAG claims 
that the model does not allow one to understand how the age of the home impacts sales prices or, 
for that matter, square footage, number of baths, etc. 

Response: Overall, the fWAG concerns encompass three different themes: (1) the data are 
pooled from different study areas across the country, (2) individual home characteristics have a 
significant amount of variation (e.g., price of homes and the age of homes), and (3) the estimated 
coefficients are not allowed to vary across study areas but rather are estimated across the entire 
dataset. Each concern is addressed in turn. 

Data are pooled from different study areas across the country: As discussed in detail in 
the Appendix F, models specific to individual study areas were extensively tested and 
evaluated. These models, however, were found to be less parsimonious than the final 
models and exhibited divergent and spurious coefficients, as well as large standard errors, 
for the variables of interest, presumably because of the small number of home sales in 
each of the individual study areas near the wind turbines. As a result of this extensive 
analysis, a pooled model is used. The details of this process and the rationale for selecting 
a pooled model are clearly documented in the final report. 

Individual variables have a significant amount of variation: Though the IWAG argues 
that homogeneity in the dataset is a prerequisite for a regression analysis, the very 
purpose of a hedonic model is to control for heterogeneity in the data to evaluate the 
marginal impact of varying house characteristics. In general, then, variation in housing 
characteristics within the data set is valuable as long as the variation in the independent 
variables explains the variation in the dependent variable, and there are no omitted 
variable biases. The relatively high adjusted R2 (- 0.77) found in the Berkeley Lab study 
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- which is a cross-sectional property value analysis - substantiates the appropriateness of 
the data and model used. Further, as discussed in the report and above, coefficient 
estimates for a variety of property characteristics are consistent with those of other 
practitioners using similar methods. Finally, as discussed above and in Appendix G in the 
report, extensive testing regarding the impact of outliers and influential observations is 
conducted, ensuring that individual questionable sales transactions are not unduly 
influencing the results of the study. 

The estimated coefficients are not allowed to vary across study areas: As addressed in the 
first bullet above (and in Appendix F in the report), alternative hedonic models were 
tested in which all variables were interacted with dummy variables for the individual 
study areas; in these models, the value of a fireplace in one study area, for example, is 
allowed to differ from the value in other study areas. Appendix F clearly reports how the 
final models were selected from multiple alternative specifications. Importantly, the focus 
variables, namely the effect of proximity and views of wind facilities, are robust to the 
inclusion/exclusion of these interactions. As such, including these interactions in the 
model does not impact the results of the Berkeley Lab analysis. 

With respect to understanding how the age of the home impacts sales prices or, for that matter, 
square footage, number of baths, etc., this information is clearly provided in the regression 
results presented in Section 4.2 (for the base model) and in Appendix H (for the other models). 

IWAG Comment: The data set omits property characteristics 
The IWAG claims that a variety of important property characteristics were omitted from the 
analysis, noting specifically the omission of the number of bedrooms. 

Response: The protocols for estimating a hedonic price function, as discussed in Appendix G, are 
clear: including too many independent variables that measure the same basic thing (e.g., square 
footage of living area and total rooms) can produce harmful collinearity in a regression model. 
The accepted method for hedonic analysis is therefore not to include all possible independent 
variables, but to instead specify a relatively parsimonious model that contains key variables that 
represent the various aspects of a home (e.g., size as measured by square footage; quality as 
measured by condition and the number of specialty items such as fireplaces, bathrooms, etc.; 
neighborhood influences such as school quality, etc.) and then to test whether the 
inclusion/exclusion of specific independent variables significantly impacts the coefficients of the 
focus variables. This was the protocol used in this study, as discussed in Appendix F and G, and 
is entirely consistent with the broader hedonic literature. The results for the focus variables are 
found to be robust to the inclusion/exclusion of various potential sets of independent variables 
(including the number of bedrooms). 6  

IWAG Comment: Model is not peer-reviewed; data withheld from independent reviewers 

6 This comment also suggests that an adjusted R2 value of 0.77 is "not good enough" according to IAAO implying 
that the characteristics were inappropriately chosen. But, as addressed earlier in this memo, the standards/methods of 
the IAAO are irrelevant to the research task, and the relatively high adjusted R2 (.- 0.77) found in the Berkeley Lab 
analysis - as compared to other cross-sectional analyses - substantiates the appropriateness of the variables used. 



The IWAG claims that the Berkeley Lab report was not "peer reviewed" because the authors 
"refused to release the data set to reviewers." 

Response: Berkeley Lab conducted a thorough external review of the draft report, responded to 
follow-up inquiries upon request, and provided a full set of results with the draft report, all of 
which are customary for this type of report. The comments received during that process from 
roughly 20 external reviewers made up of experts and stakeholders were considered in the 
preparation of the final report. Moreover, the authors plan to submit a shortened version of the 
report for consideration in a peer-reviewed academic journal. At that time, the authors hope to be 
able to release the dataset used in the analysis so that others can further verify the results. A 
number of confidentiality arrangements were required to obtain the data used in this report from 
the individual study areas, however, and those arrangements will need to be revisited and 
potentially re-negotiated before the final data set can be made available. 

Conclusion 

Although the IWAG’s concerns are extensive, the majority of those concerns are not consistent 
with the extensive literature on the hedonic pricing method and its use in investigating the 
possible impact of amenities and disamenities on property values. Moreover, as discussed above, 
the authors believe that any relevant concerns expressed by the IWAG are already adequately 
addressed in the final report. The hedonic pricing model, as used in this study, is the appropriate 
method to address the question of whether views of and proximity to wind facilities affect 
residential sales prices. Further, many of the limitations of the previous literature (e.g., small 
sample size, unreported statistical significance) are directly addressed by the Berkeley Lab 
analysis. The efforts made to benchmark the results to other literature and to test the robustness 
of the report’s findings further substantiate the approach and results of the research. Therefore, 
although all analysis has limitations and additional research is warranted, the authors maintain 
that the Berkeley Lab work is the most reliable, comprehensive, and data-rich research effort to 
date in the U.S. or abroad on the possible impacts of wind projects on property values. 
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