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Abstract

The objective of this study arto examine whether proximity tee 2406turbine, Twin Groves
wind farm(Phases | and lljn eastern McLean County, lllingikas impactednearbyresidential
property valuesand whether any impact on nearby property values remains constant over
different stages akind farmdevelopmenuith the different stagesrresponding to different
levels of risk as perceived by neagrpperty ownersThis study uss 3,85kesidentialproperty
transactions from January 1, 2001 through December 1, 2@0®McLean and Ford Counties,
lllinois. This is the firstvind farm proximityand property valustudyto adoptpooled hedonic
regressioranalyss with differencein-differences estimatord his methodologignificantly
improves uponmany otthe methodologie$ound in thewind farm proximity and property value
literature. This study finds some evidence that supports wind farm anticipation stigmadheory
the resultsstrongly reject the existence of wind farm area stigma theory.
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Executive Summary

The objectives of this study are to examine whether proximity to theid0e, Twin Groves

wind farm (Phasesdnd Il) in eastern McLean County, lllinois, has impacted nearby residential
property values and whether any impact on nearby property vahsexes over theifferent

stages of wind farm developmeifitis study uses 3,851 residential property transastfoom

January 1, 2001 through December 1, 2009 from McLean and Ford Counties, Illinois. This is the
first wind farm proximityand property valustudy to adopt pooled hedonic regression analys

with differencein-differences estimators. This methodolsgynificantly improves upon many of

the previous methodologies found in thend farm proximity and property valliéerature.

The estimation results provide evidence that
farm was even approved, prapes located near the eventual wind farm area were devalued in
comparison to other areas. Additionally, the results show that property value impacts vary based

on the different stages of wind farm development. These stages of wind farm development
roughlycorrespond to the different levels of risk as perceived by local residents and potential
homebuyers. Some of the estimation results su
stigma theory, 0 meaning that priopatritgnd&adifuetsh:
farm after the wind farm project was approved by the McLean County B@&andl farm

anticipation stigma is likely due tbe impact assaated with a fear of the unknownganeral

uncertainty surrounding proposedvind farm project egarding the aesthetic impacts on the

landscape, the actual noise impacts from the wind turbines, and just how disruptive the wind

farm will be. However, during the operational stage of the wind farm project, as surrounding

property owners living close the wind turbines acquired additional information on the

aesthetic impacts on the landscape and actual noise impacts of the wind turbines to see if any of
their concerns materialized, property values rebounded and soared higher in real terms than

they wereprior to wind farm approval. Thus, this study presents evidence that demonstrates

close proximity to an operating wind farm does not necessarily negatively influence property

values or property value appreciation rates. The estimation results strongty tieg existence

of Awind farm area stigma theoryo for the are
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|. INTRODUCTION

A home is generally the largest investment thianaily will make in their lifetime. Thus,
factors that | mpact tprimeimpoadnee ¢o hammeowoenseGyer thdr 0 me
past few years, all across the United Statersd farms have been sprouting up. Many
homeowners have expressed concern at public zoning hetmimysposed wind farmthat
their homes may be devalued becausheiclose proximity t@ proposedvind turbine.

Although over 35 studies have examined ibssie of whether a negative relationship exists
between property values atitbse homes inlose praimity to wind turbines,tiere does not

exist a general conserssin the literature. This lack ofansensusaybelikely due to various
degrees of rigor that the studies have demonstrated along with the various methodologies
adopted. Many of the studies have been funded by wind energy companies as well as wind farm
opponents. Thus, an unbiased analysis of this very important issue is difficult to cdisnbg,

this study proposes an improved methodology to examine these issues going forward.

Is there a stigma associated with properties located in close proxaifgroposear
operatingwind farm? Does a negative relationship exist between property values and homes
closer towind turbines? Does the impact of a wind farm on nearby property vethaegjeover
different stages of developméntrhis studyusespooledhedonic regression analysis to examine
whether Twin Groves wind farm (Twin Groves Phase | and Ph¥dedated in eastern McLean
County, lllinois has had an impact on locgkoperty valuesThe hedonic pricing model is based
on the microeconomic thedieal framework developed by Lancaster (1966) and Rosen (1974)
that decomposes the price of a good into its component attributes

Residential property sales were obtained from the SupesdtaissessmentSfficesin
McLean and Ford Counties for the 2afBtough 2009 study period. It is important to obtain data
both before and after construction of the wind facility and not just for the target and control
area, becausthere likely exists #ocation effegtwhich when properly controlled for takes into
account any housing price differential between properties near the wind farm and far from the
wind farmbeforewind farm operationsThus, any devaluation found usingly data from after
construction may not be telling the whole story.

A differencein-differences estimatbis utilizedto examine whetherwind farm
anticipation stigmadeveloped after the approval of the wind farm and during the construction
stage of the wind farm developmelnt.addition, a differencén-differences estimator is utilized
to examine whetherwind farm area stigmadeveloped due to the presence of the wind farm.
This study examinethe appreciation imeal property valuesiear the wind farm sit@ relation to
surrounding areasver the different stages of wind farm devetgmnt which are thought to
roughly correspond to the different levels of risk as perceived by local residents and homebuyers

2 The different stages of the adjustment process correspond to different levels of risk as perceived by local residents
ard prospective homebuyessirrounding a wind farm project proposahd these stages of the adjustment process
are thought to correspond to the stages of wind farm development.

5Twin Groves | and |1 wi | | be denboutehdbartigls TG | and 1120

* Differencein-differences estimators are popular estimation techniques utilized in the policy evaluation literature.
®Wind farm anticipation stigma theoty a concern surrounding a proposed or approved wind farm project that is
primarily due to factors stemming from a fear of the unknown: a general uncertainty surrounding a wind farm
project regarding the aesthetic impacts on the landscape, the actual noise impacts from the wind turbines, and just
how disruptive the wind farm will agally be.
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In addition real property value levels percentage termare examined over the differenages
of wind farm developmenA few local real estate experts were interviewed and a local wind
farm zoning hearingvasattendedsuch that the author gained a better understanding tafcle
housingmarket and the attitudes wdsidentof the community.

The estimationasults providevidence that bbcation effecexists such that before the
wind farm was even approved, properties located near the eventual wind farm area were
devalued in comparison to other areas. Additionally, the results show that property value impacts
vary based o the different stages of wind farm development. Some of the estimation results
support the existence wfind farm anticipation stigma theqryneaning that propertyalues may
have diminished imnticipationof the wind farm, possibly because of the im@essociated with
afear of the unknowra generalincertainty surroundingwind farm project regarding the
aesthetic impacts on the landscape actual noise impacfsom the wind turbines, and just how
disruptivethe wind farm willbe. However, duringhe operational stage of the wind farm project,
as surrounding property owners living close to the wind turbines acquired additional information
on the aesthetic impacts on the landscape and actual noise impacts of the wind turbines to see if
any of theirconcerns materialized, property values rebounded and soared higher in real terms
than they were prior to wind farapproval.The author does not believe that property values
near the wind farm rose strictly because of the wind farm locating there. Howeloss seem
to imply that property values in this particular area of McLean County do not necessarily decline
because of a wind farm locating in the area near the properties, which is a common assumption
and is often voiced during the wind farm permgtprocessThus this study presents evidence
that demonstrates close proximity to an operating wind farm does not necessarily negatively
influence property values or property value appreciation eatédthese resuli&rongly reject the
existence ofvind farm area stigma theorfpr the area surrounding Twin Groves | andThe
results are consistent with views of some local real estate experts.

The rest of the paper is organized as follo8extion Il contains a review of the wind
farm proximity and prgerty value literature. Section Il providdse theoretical basis for the
model Section IV provides an overview of the methodology. Section V contains an overview of
the project location and data. Section VI presg¢heestimatiorresults Section VIl povides
recommendations for further research and some general conclusipesidix A describes
community attitudes anslurvey resultsAppendix B provides a detailed description of the data
and estimation assumptiogppendix C provides descriptive skdics including summary
statistics othevariables bystageof the wind farm projectAppendix D provides a review of the
differencein-differences estimator as well ssveral simple estimations and explanatiofithe
proper interpretation of the estited coefficientsAppendixE provides the full estimation
results.

Il. LITERATURE REVIEW

This section provides a brief overview of thend farm proximity and property value
literature.For thosaeadersnterested in reviewing literature relevant to thedvarmproximity
and property valu®pic, a comprehensive list of the studies reviewed (author, publication date,
and type of study are listed) as part of this project appears in T.&denple sizestudy type,
property value impact, and location betwind farmdor the regional and national studies
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involving actual wind farmare presented in Table Phe localized analyses are presented in
Table 3 along with detailed statistics regarding thied farm size, study dates, number of
observations, stly area locabn, and property value impact. This section proceeds as follows: a
comparison of the national and regional property value studies is undefidtié@ered bya
discussion of how this study contributesatad compares with the existimgnd farmproximity

and property valubterature involvinghedonic regressioanalysis

Table2 contains a summary of the regional and national property value studies that
involved actual wind farms (as opposed to studies based on proposed wirf)l. fwosstudes
conclude that properties are stigmatized surrounding wind famesbased on an expert survey
of realtors in Scotland, Wales, and England (Khatri, 2004), and the other study was based on a
statistical model based on survey responses from homeowr2esimark JordalJagrgensen et
al., 1996) The estimation results from the Denmark study could not be obtained, thus the
statistical significance and details regarding the data utilized were not able to be scrutinized.

There have been a couple studies inN@wvind farms across the United States and they
all found no impact on property values as a result of the wind farms. Hoen et al. (2009)
completed the most comprehensive and rigorous study by far that involved examining residential
home sales surroundirfg wind farms across the United Stdtétoen et al. (2009) utilized ten
different estimation models, including a repeat sales model and a sales volume model, to
determine whether an area stigma, a scenic vista stigma, or a nuisance stigma existemhin relat
to properties located near wind farms. Hoen et al. (2009) found that none of the models
uncovered any conclusive evidence of the presence of any of the property value stigmas
surrounding the wind farms.

Table 3 contains a summary of the literature reigg localized property value impact
studies involving actual wind farms (as opposed to proposed wind farms). All of the multiple
linear regression analyses have been completed within the past four years, and so far there have
not been any that specifitabddress the impact on property values for a wind farm located in
the Midwest. In general, there have been quite a few studies addressing the impact of wind farms
on property values in thdidwest; however, none of them involved rigorous statistical ysisil
The studies using the hedonic housing price model that focused on the impact of one particular
wind farm on property values involve wind farms with less than 21 turbines. Therefore, this
analysis involving 240 wind turbines is important becausbeefécent expansion of large wind
projects.

As indicated by the asterisks in Table 3, only two studies have actually been published in
academic, peereviewed journals. Both published studies utilized multiple regression analysis
which provides support dhat method in the present study. The two published studies analyzed

® The only strong correlations associated with the results across studtge Ha with who funds the study, i.e.,

those funded by wind farm developers or wind energy proponents generally do not find a negative impact, while
those studies furedl by wind farm opponents generally find a negative impact on property values. Also, some
correlation exists between the timing of the study and the results. For example, many of the studies conducted in
areas where a wind farm is proposed involve surpeged to local real estate experts. These studies find that there
is an expectation that property values will decline if the wind farm is permitted and becomes opefatitahis

gives rise to what this author terms, wind farm anticipation stigmaytheo

"Several studies involved interviewing local residents and real estate experts regarding their opinion of the impact
that a proposed wind farm would have on local property values if the wind farm was built. The results of these
studies are consistewith wind farm anticipation stigma theory.

8 The residential homes sales were collected from nine different states (ten different study areas).
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property values in the United Kingdom and the data avaifble r e Al i mi t ed t o hou
selling price, and therefore not sufficiently detailed to highlight any small changesiie \al

(Sims and Dent, 2007, 626). All previous multiple regression analyses, except one, use the log
linear functional form. Sims and Dent (2007) use the linear form and include yearly dummy
variables to capture inflation. Both of the published studies nageepy transactions that

occurred after the wind farms were constructed. After Sims and Dent (2007) found a negative
relationship between distance to the wind farm and property values, they spoke with local
realtors and found out that before the wind favas constructed, properties close to the eventual
wind farm site were valued less than properties farther away. Thus, the present study contributes
to the existing literature by taking into consideration the time period prior to wind farm

operations exptitly in the model and controlling for an extensive list of housing characteristics.

° Rigorous statistical analysis is an important factor because the results of a study are essentially sseaningle
without this factor.

9 The explanatory variables included in their models were limited to dummy variables. Though Malpezzi et al.
(1980) point out that using mostly dummy variables allows maximum flexibility in estimation.
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Table 1. Wind Farm Proximity and Property Value Studies

Author (Year) i Study Type

**Canning and Simmons (2010HedonicRegression AnabisandStatistic§
Nillen (2010)i Expert Opinion

**Hoen et al. (2009) HedonicRegression AnalysiandStatistics
Kielisch (2009)i Simplified Regression Analysend Expert Survey
Gardner (2009) Statistics

Poletti (2009a) StatisticsandExpet Opinion

Poletti (2009b) StatisticsandExpert Opinion

*Firestoneet al.(2009)i Homeowner Survegnd Statistics
*Firestoneet al.(2008)1 Homeowner Survegnd Statistics
Crosson (2008) Expert Opinion

*Sims et al. (2008) HedonicRegressiomnalysis

Luxemburger (2008) Statistics

McCann (2008) Expert Opinion

*Bond (2008) Homeowner Survey

*Sims and Dent (2007) HedonicRegression Analysis

Poletti (2007) Statistics

*Firestone et al. (2007)Homeowner Survegnd Statistics
*Edinbur gh Sol i citorsoi Ratissigser ty Centre (200
Lloyd, Jr. (2007) Statistics

Lloyd, Jr. (2006) Statistics

*Hoen (2006) HedonicRegression Analysis

**Goldman and Goldman (2006 Homeownerand Expert Survey
*Bobechko an@ourne(2006)i Staistics

DelLacy (2006) Statistics

DeLacy (2005) Statistics

Poletti (2005) Statistics

Beck (2004) Statistics

**Khatri (20094 i Expert Survey

*Haughton et al. (2004) Homeowner and Expert Survey
Sterzinger et al. (2003) Simplified Regressio\nalysis
*Braunholtzand McWhannel(2003)i Homeowner Survey
*Grover (20022009 i Expert Survey

Jerabek (2002) Statistics

Jerabek (2001) Statistics

Robertson Bell Associates (1998Homeowner Survey
Robertson Bell Associates (1997Homeowne Survey
JordatJgrgensen et g11996)i Homeowner Survey and Statistics
BWEA (1996)i Homeowner Survey

*indicates stdies that the author recommends reviewing for those interested in reviewing the literature.
"The study typdi s t at i sded aomdedvarietyno€téchniquegrouped paired sales analysiajredsales
analysis usingepeat saleglirect comparison paired sales analydiference in means calculatiobhstween a
control and target grougsingaverage®f similar propen types,andsdes volume analysis
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Table 2. Literature: Wind Farms and Property Values: Regional and National Analyses

Before or After Property Value
Author Type n Construction Impact* Location of the Wind Farms
Hoen, Wiser, Cappers, Thay Hedonic Regression
and Sethi (2009) Analysis 4,937 Alter None USA
Hoen, Wiser, Cappers, Thayer, Hedonic Regression
and Sethi (2009) Analysis 7,459 Before and After None USA
. Expert Survey .y
Khatri (2004) (Residential Properties) 81 After Negativé Scothnd, Walesand England
. Expert Survey
Khatri (2004) (Agricultural Land) 81 After None Scotland, Walesand England
Braunholtz(;glod:;;\/chhannell Homeowner Survey 1,547 After None Scotland
Expert Survey
Grover (2002) (Residential Properties) 13 After None USA
Jordaldgrgensen, Munksgaard, Homeowner Survey anc " After Negative Denmark

Pedersen, and Larsen (1996) Statistics

*Property Value Impact: "None" = There was no evidence of wind farms impacting property values.

"Positive" = Property values rogeareas surrounding a wind farm, though ttogs not necessariignply that property values rose because of the wind farm. i.e., property values could have rise
other reasons.

"Negative" = Property values declined in areas surrounding a windtfasogh thisdloes not necessarilynply that property values declined because of the wind farm. i.e., property values could |
declined for other reasons.

Slightly Negative, 40% of Chartered Surveyors found there was no impact on property valuesQ%hiteind there was a negative impact on property values.

n=number of observations.
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Table 3. Literature: Wind Farms and Property Values: Localized Analyses

Before or Property Hub

After Value # Total Height  Study
Author(s) (Year) Type n Construction  Impact” Study Area Turbines MW  (meters) Dates
Canning and Simmons Hedonic Regression Analysis 40 During and None Municipality of Chatham 64 96 80 2007
(2010) After Kent, Ontario 2009
Canning and Simmons Hedonic Regression Analysis 20 During and None Municipality of Chatham 64 96 80 2007
(2010) After Kent, Ontario 2009
Canning and Simmons Hedonic Regression Analysis 83 Duringand  Negative Municipality of Chatham 64 96 80 2007
(2010) After Kent, Ontario 2009
Cannng and Simmons Property Resale Analysis 14 Before and None Municipality of Chatham 64 96 80 2003
(2010) After Kent, Ontario 2009
Theron (2010) Homeowner Survey 75 After None McLean County, IL 240 396 80 2009

Gardner (2009) Property Sales Statistics (Rual Land) 7 After Negative Taylor County, TX ? ? ? ?
Kielisch (2009) Property Sales Statistics (Vacant Residential Land Sales) 68 Before and  Negative Fond du Lac County, WI 88 145 80 2006
After 2009
Kielisch (2009) Property Sales Statistics (VacanResidential Land Sales) 34 Before and  Negative Fond du Lac and Dodge 86 129 65 2005
After Counties, WI 2009
Poletti (2009) Property Sales Statistics (All Residential Classed Sales) 195 After None McLean County, IL 240 396 80 2006
2009
Poletti (2009) Property Sales Statistics (Residential Sales Excluding Vacan 98 After None McLean County, IL 240 396 80 2006
Lots, Duplex, Condos, Modular, Rievels, Greater Than 5 2009

Acres, Sales With Price Per Sqft Less Than $40)
Poletti (2009) Property Sales Statistics (Selective Residential Sales $/Sqft) 26 After None Lee County, IL 63 50.4 65 2003
2005
Poletti (2009) Property Sales Statistics (Single Family Residential Sales All. 46 After Negative Lee County, IL 63 50.4 65 2003
$/Sqft) 2005
Poletti (2009) Property Sales Statistics (Agricultural Tracts, 20+Acres, 50 After None Lee County, IL 63 50.4 65 2005
$/Acre) 2009
Poletti (2009) Property Sales Statistics (Small Residential Tract Sales, 30 After None Lee County, IL 63 50.4 65 2005
$/Acre) 2009
Poléti (2009) Property Sales Statistics (Residential Sales, $/Sqft, Post 195! 61 After None Lee County, IL 63 50.4 65 2005
2009
Poletti (2009) Property Sales Statistics (Residential Sales, $/Sqft) 148 After None Lee County, IL 63 50.4 65 2005
2009
Poléti (2009) Property Sales Statistics (Residential Sales, $/Sqft, Matched 6 After None Lee County, IL 63 50.4 65 2003
Paired Sales Analysis) 2006
Bond (2008) Homeowner Survey 304 After None Albany, Southwest 12 21.6 65 2008
Australia

Luxemburger (2008) Property Sales Statistics 600 After Negative Canada ? ? ? ?
McCann (2008) Expert Opinion 1 After Negative Lee County, IL 63 50.4 65 2008
*Sims, Dent, and Oskrochi Hedonic Regression Analysis 199 After None St Eval, Cornwall, UK 16 9.6 35 2000
(2008) 2007
Edinburgh Solicitors' Property Sales Statistics ? Before and Positive  Scottish Borders, Dunbar 20 49 2000
Property Centre (2007) After 2006
Lloyd, Jr. (2007) Property Sales Statistics 88 Before and None Madison County, NY 7 11.55 67 1995
After 2006
Lloyd, Jr. (2007) Property Sales Statistics 35 Before and None Wyoming County, NY 10 6.6 65 1995
After 2006
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Before or Property Hub

After Value # Total Height  Study
Author(s) (Year) Type n Construction  Impact” Study Area Turbines MW  (meters) Dates
Lloyd, Jr. (2007) Property Sales Statistics 157 Before and None Madison County, NY 20 30 65 1995
After 2006
Lloyd, Jr. (2007) Property Sales Statistics, Paired Sales Analysis (Repeat Sale 46 Before and None Madison County, NY 7 11.55 67 1995
After 2006
Lloyd, Jr. (2007) Property Sales Statistics, Paired Sales Analysis (Repeat Sale 16 Before and None Wyoming County, NY 10 6.6 65 1995
After 2006
Lloyd, Jr. (2007) Property Sales Statistics, Paired Sales Analysis (Repeat Sale 36 Before and None Madison County, NY 20 30 65 1995
After 2006
Poletti (2007) Property Sales Statistics (Small Residential Tract Sales, $/Sc 21 After None Kewaunee County, WI 31 20.46 65 1998
2004
Poletti (2007) Property Sales Statistics (Large Tract Sale$/Acre) 48 After None Kewaunee County, WI 31 20.46 65 1998
2004
Poletti (2007) Property Sales Statistics (Singld-amily Residential Values, 65 After None Kewaunee County, WI 31 20.46 65 1998
$/Sqft) 2004
Poletti (2007) Property Sales Statistics (8les Of Residences Constructed 19 After None Kewaunee County, WI 31 20.46 65 1998
After 1960) 2004
Poletti (2007) Property Sales Statistics (Agricultural Tracts, 20+Acres, 26 After None Lee County, IL 63 50.4 65 2003
$/Acre) 2005
Poletti (2007) Propery Sales Statistics (Small Residential Tract Sales, 5 30 After None Lee County, IL 63 50.4 65 2003
Acres Or Less, $/Acre) 2005
Poletti (2007) Property Sales Statistics (Selective Residential Sales $/Sqft) 29 After None Lee County, IL 63 50.4 65 2003
2005
Poletti (2007) Property Sales Statistics (Single Family Residential Sales All. 53 After Negative Lee County, IL 63 50.4 65 2003
$/Sqft) 2005
Poletti (2007) Property Sales Statistics (Agricultural Tracts, 20+Acres, 20 After None Lee County]L 63 50.4 65 2005
$/Acre) 2006
Poletti (2007) Property Sales Statistics (Small Residential Tract Sales, 14 After None Lee County, IL 63 50.4 65 2005
$/Acre) 2006
Poletti (2007) Property Sales Statistics (Residential Sales, $/Sqft) 35 After None Lee CountyJL 63 50.4 65 2005
2006
*Sims and Dent (2007) Hedonic Regression Analysis 919 After Negative St Breock Downs, 27 14.55 35 2000
Wadebridge; St Eval, 2005

Cornwall, UK
Bobechko and Bourne Property Sales Statistics, Sales Analysis, Combined Agea 173 Before and Positive  Township of Melancthon, 45 67.5 80 2002,
(2006) After Ontario, Canada 2006
Bobechko and Bourne Property Sales Statistics, Sales Analysis;1IDAcres 72 Before and Positive  Township of Melancthon, 45 67.5 80 2002,
(2006) After Ontario, Canada 2006
Bobechko and Bourne Property Sales Statistics, Sales Analysis, 10 Acres Plus 56 Before and None Township of Melancthon, 45 67.5 80 2002,
(2006) After Ontario, Canada 2006
Bobechko and Bourne Property Sales Statistics, Sales Analigs 50 Acres Plus 45 Before and None Township of Melancthon, 45 67.5 80 2002,
(2006) After Ontario, Canada 2006
Bobechko and Bourne Property Sales Statistics, Resale Analysis 10 Before and Positive  Township of Melancthon, 45 67.5 80 2002,
(2006) After Ontario, Canada 2003,
2006
Bobechko and Bourne Property Sales Statistics, MLS Statistical Analysis, Detached 583 Before and None Dufferin County, 45 67.5 80 2002,
(2006) Property And Then-60 Plus Acres After Melancthon, Ontario, 2006

Canada

Goldman and Goldan Expert Survey Appraisers, Realtors, Assessors 17 After None Tucker County, WV, 44 66 68 2006

(2006)

Backbone Mountain
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Before or Property Hub

After Value # Total Height  Study

Author(s) (Year) Type n Construction  Impact” Study Area Turbines MW  (meters) Dates

Goldman and Goldman Homeowner SurveyProperty Value, Noise, And View 21 After None Tucker County, WV, 44 66 68 2006
(2006) Questions Backbone Mountain

Hoen (2006) Hedonic Regression Analysis 280 Before and None Madison County, M 20 30 66 1996

After 2005

Lloyd, Jr. (2006) Property Sales Statistics 84 Before and None Madison County, NY 7 11.55 67 1995

After 2006

Lloyd, Jr. (2006) Property Sales Statistics 33 Before and None Wyoming County, NY 10 6.6 65 1995

After 2006

Lloyd, Jr.(2006) Property Sales Statistics 148 Before and None Madison County, NY 20 30 80 1995

After 2006

Lloyd, Jr. (2006) Property Sales Statistics, Paired Sales Analysis (Repeat Sale 46 Before and None Madison County, NY 7 11.55 67 1995

After 2006

Lloyd, Jr. (2006) Property Sales Statistics, Paired Sales Analysis (Repeat Sale 16 Before and None Wyoming County, NY 10 6.6 65 1995

After 2006

Lloyd, Jr. (2006) Property Sales Statistics, Paired Sales Analysis (Repeat Sale 36 Before and None Madison County, NY 20 30 65 1995

After 2006

Poletti (2005) Property Sales Statistics (Small Residential Tract Sales, $/Sc 21 After None Kewaunee County, WI 31 20.46 65 1998

2004

Poletti (2005) Property Sales Statistics (Residential Tract Sales, $/Sqft)*Ne 14 After None Kewaunee County, WI 31 20.46 65 1998

2004

Poletti (2005) Property SalesStatistics (Large Tract Sales, $/Acre) 48 After None Kewaunee County, WI 31 20.46 65 1998

2004

Poletti (2005) Property Sales Statistics (Singldamily ResidentigValues, 65 After None Kewaunee County, WI 31 20.46 65 1998

$/Sqft) 2004

Poletti (2005) Property Sales Statistics (Sales Of Residences Constructed 19 After None Kewaunee County, WI 31 20.46 65 1998

After 1960) 2004

Poletti (2005) Property Sales Statistics (Agricultural Tracts, 20+Acres, 26 After None Lee County, IL 63 50.4 65 2003

$/Acre) 2005

Poletti (2005) Property Sales Statistics (Small Residential Tract Sales, 5 30 After None Lee County, IL 63 50.4 65 2003

Acres Or Less, $/Acre) 2005

Poleti (2005) Property SalesStatistics (Selective Residential Sales $/Sqft) 29 After None Lee County, IL 63 50.4 65 2003

2005

Beck (2004) Property Sales Statistics 2 After None Hull, MA 1 0.66 50 2002

2004

Sterzinger, Beck, and SimplisticRegression AnalysisView Shed And Comparable 9,105  Before and Positive  Riverside County, CA 3,067 485.6 4063 1996

Kostiuk (2003) After 2002

Sterzinger, Beck, and Simplistic Regression AnalysisView Shed And Comparable 810 Before and Positive  Madison County, NY 7 11.6 67 1997

Kostiuk (2003) After 2003

Sterzinger, Beck, and Simplistic Regression AnalysisView Shed And Comparable 1,044  Before and Positive  Madison County, NY 20 30 66 1997

Kostiuk (2003) After 2003

Sterzinger, Beck, and Simplistic Regession Analysis View Shed And Comparable 624 Before and Positive  Kewaunee County, WI 31 20.46 65 1996

Kostiuk (2003) After 2002

Sterzinger, Beck, and Simplistic Regression Analysisview Shed And Comparable 3,340  Before and Positive  Bennington ad Windham 11 6 40 1994

Kostiuk (2003) After Counties, VT 2002

Sterzinger, Beck, and Simplistic Regression Analysisview Shed And Comparable 1,384  Before and Positive  Somerset County, PA 14 194 60-64 1997

Kostiuk (2003) After 2002

Sterzinger, Beck, and Simglistic Regression AnalysisView Shed And Comparable 3,213  Before and Positive  Buena Vista County, IA 364 192.7 63 1996

Kostiuk (2003) After 2002
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Before or Property Hub

After Value # Total Height  Study
Author(s) (Year) Type n Construction  Impact” Study Area Turbines MW  (meters) Dates
Sterzinger, Beck, and Simplistic Regression Analysisview Shed And Comparable 2,867  Before and None Kern County, CA 3,569 600.7 55 1996
Kostiuk (2003) After 2002
Sterzinger, Beck, and Simplistic Regression Angdis- View Shed And Comparable 269 Before and Positive  Carson County, TX 80 80 70 1998
Kostiuk (2003) After 2002
Sterzinger, Beck, and Simplistic Regression Analysisview Shed And Comparable 89 Before and None Fayette County, PA 10 15 70 1997
Kostiuk (2003) After 20
Sterzinger, Beck, and Simplistic Regression Analysisviewshed Before And After 5,513  Before and Positive  Riverside County, CA 3,067 485.6 4063 1996
Kostiuk (2003) After 2002
Sterzinger, Beck, and Simplistic Regression Analysis/iewshed Before And After 219 Before and None Madison County, NY 7 11.6 67 1997
Kostiuk (2003) After 2003
Sterzinger, Beck, and Simplistic Regression AnalysisViewshed Before And After 453 Before and  Negative Madison County, NY 20 30 66 1997
Kostiuk (2003) After 2003
Steringer, Beck, and Simplistic Regression Analysisviewshed Before And After 329 Before and Positive  Kewaunee County, WI 31 20.46 65 1996
Kostiuk (2003) After 2002
Sterzinger, Beck, and Simplistic Regression Analysisviewshed Before And fier 2,788  Before and Positive  Bennington and Windham 11 6 40 1994
Kostiuk (2003) After Counties, VT 2002
Sterzinger, Beck, and Simplistic Regression AnalysisViewshed Before And After 962 Before and Positive  Somerset County, PA 14 19.4 60-64 1997
Kostiuk (2003) After 2002
Sterzinger, Beck, and Simplistic Regression Analysisviewshed Before And After 1,557  Before and Positive  Buena Vista County, 1A 364 192.7 63 1996
Kostiuk (2003) After 2002
Sterzinger, Beck, and Simplistic Regression Analysisviewshed Before And After 745 Before and Positive  Kern County, CA 3,569 600.7 55 1996
Kostiuk (2003) After 2002
Sterzinger, Beck, and Simplistic Regression AnalysisViewshed Before And After 45 Before and Positive  Carson County, TX 80 80 70 1998
Kostiuk (2003) After 2002
Sterzinger, Beck, and Simplistic Regression Analysisviewshed Before And After 39 Before and Positive  Fayette County, PA 10 15 70 1997
Kostiuk (2003) After 2002
Sterzinger, Beck, and Simplistic Regression AnalysisViewshed And Compardd ? After Positive  Riverside County, CA 3,067 485.6 4063 1999
Kostiuk (2003) 2002
Sterzinger, Beck, and Simplistic Regression Analysisviewshed And Comparable ? After None Madison County, NY 7 11.6 67 2000
Kostiuk (2003) 2003
Sterzinger, Beck, and Simplistic Regression Analysisviewshed And Comparable ? After None Madison County, NY 20 30 66 200%:
Kostiuk (2003) 2003
Sterzinger, Beck, and Simplistic Regression Analysisviewshed And Comparable ? After Positive  Kewaunee County, WI 31 20.46 65 1999
Kostiuk (2003) 2002
Sterzinger, Beck, and Simplistic Regression Analysisviewshed And Comparable ? After Positive  Bennington and Windham 11 6 40 1997
Kostiuk (2003) Counties, VT 2002
Sterzinger, Beck, and Simplistic Regression Analysisviewshed Ad Comparable ? After Positive  Somerset County, PA 14 19.4 60-64 2000
Kostiuk (2003) 2002
Sterzinger, Beck, and Simplistic Regression Analysisviewshed And Comparable ? After Positive  Buena Vista County, IA 364 192.7 63 1999
Kostiuk (2003) 2002
Sterzinger, Beck, ah Simplistic Regression Analysisviewshed And Comparable ? After None Kern County, CA 3,569 600.7 55 1999
Kostiuk (2003) 2002
Sterzinger, Beck, and Simplistic Regression Analysisviewshed And Comparable ? After Positive  Carson CountyTX 80 80 70 2001
Kostiuk (2003) 2002
Sterzinger, Beck, and Simplistic Regression Analysisviewshed And Comparable ? After Positive  Fayette County, PA 10 15 70 2001-
Kostiuk (2003) 2002
Jerabek (2002) Property Sales Statistics 25 Before and None Kewaunee Couy, WI 14 9.2 65 1998
After 2001
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Before or Property Hub

After Value # Total Height  Study

Author(s) (Year) Type n Construction  Impact” Study Area Turbines MW  (meters) Dates

Jerabek (2001) Property Sales Statistics 7 After None Kewaunee Gunty, WI 14 9.2 65 1999

2001

Robertson Bell Associates Homeowner Survey 203 After None Alness, Scotland 34 17 35 1998
(1998)

Robertson Bell Associates Homeowner Survey 336 After None Wales 20 9 35 1997
(1997)

AProperty Value Impact: "None" = There was evidence of wind farms impacting property values. n = number of observations

"Positive" = Property values rose in areas surrounding a wind farm, thougloésisiot necessarilgnply that property values rose because of the wind farm. i.e., pyoggues could have risen for other reasons.

"Negative" = Property values declined in areas surrounding a wind farm, thoudbékisot necessarilynply that property values declined because of the wind farm. i.e., property values could have ftediithen reasons.
*indicates the study has been published in an academia@éewed journal.

Notes:All numbers are approximations and accuracy cannot be guaranteed. Please note that althtabigatikisowledges the results of other studiespésinot in any way support the methods used to reach the conclusions.
There are quite a few studies that reach conclusions that this author does not support, either due to a lack ofgatistioabrrect analyses of results.
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[Il.  THEORETICAL ANALYSIS

This study uses a hedonic pricing model to estimate the marginal willingness to pay for
specific house structural characterisacglneighborhood characteristicgludinglocation
(proximity to amenities or disamenit}és The hedonic pricing modiées based on the
microeconomic theoretical framework developed in the landmark papers by Lancaster (1966)
and Rosen (1974).ancaster (1966) focused on the demand side of the market, i dev el oped
sophisticated branch of microeconomic theory in whidityuts generated, not by googer se,
but bycharacteristco f t he g o o,2802 10(Rwaslepne z(z1i974) focused o
suppliers and consumers interact within a fra
(Malpezzi 2002 11). Hedonic prichg models have not only been applied to housing studies but
to many other sectoes well(e.g., automobiles) iterally hundreds ohcademicpeerreviewed
journal articles have been published over the ye&ising hedonic regression analysis with a
focus specifically on housing. This waltcepted use of hedonic pricing models in relation to
housing provides a basis for the use of this framework for the current analysis.

Follain and Jimenez (1985) po-stepppaanto t hat
estimating the compensated demand curve; however, they do note the possible simultaneity
i ssues that may arise in this type of esti mat
problems, imperfect specifications, and the generalrobushess of coefficient estimat@s
suggest that reliable twstage structural estimation of the demand for characteristics will be
di fficulto (15). Th uusilizing@ne gquatiqud takenhneghis armalysis, appr o
and appears to be well acceptedhe prevailing literature on this topfc

A simple hedonic pricing model for housing relates the @iaghichthe house sold to
the individual characteristics of the propeifie house price (value) is the selling price that two
unrelated parties #ing in their own interest, namely the buyer (grantee) and the seller (grantor)
of the property willingly agree upon. Tipece of a property can be thought of as being a
function of itscharacteristics:

P = P(S,N) (1)
Where
A P representshe sellingprices of properties;
A Srepresents a vector dfisctural characteristics of the hosgpropertes);
A Nrepresents a vector aeighborhood characteristiaad location characteristics
An individual 6s wutility may be expressed a

U= U(XS,N) (2)

Thehamebuyer 6s probl em i s[Ut)subjecata thembudget t hei r u

" The time period in whichhie property sold is also appropriately controlled for.
2 The abundance of published articles using a simple hedonic approach and the continuing publication of articles
using a simple hedonic approach exemplifies its acceptance.
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constrainI=X+P], wherel is income anc is a composite commodity with price equal to .one
For a specific utility bearing attribug it is assumed that andividual will choose a property
such that their marginal willingness to pay will equal the price of that characteristic.

(55) _ 2
= ©
() o

Structural characteristics of the house may include items such as the living area square
feet, the age of theome, the garage square feet, the number of fireplaces, and the acres of the
lot, among many other things. An increase in the size of the living area, the number of square
feet in a garage, and the number of fireplaces inevitably imposes material cdss on t
construction on the home. To the degree that these material costs are reflected in the value of a
house, these increases can reasonably be expected to put upward pressure on the selling price of
the houseceteris paribu¥’® (holding everything else relamt constant)Thoughthe previous
variablesmay not bdinearly related to selling price by any means, the number of acres it a lot
and the age of a home may have a more complicated relationship than the former.

In particular, the value one places ohdize may varypy marketthe market for
propertiedess than or equal to one aarmdthe market foproperties greater than one acre in
size For example, one may place a very high value on increasing the lot size from 0.17 acre to
0.35 acre in an aremith a very limited number of available lots, if it means they are still able to
be located within a particular neighborhood or school district of thefegence. However, there
existhomebuyers that may not be concerned with locating in a particulaosdistrict and in
fact would rather not be located in a neighborhood in close proximity to other k@xethey
mayactually prefer the view of a rural landscape rather thaview oftheir neighbois homé.
Consequentlydemandor lots less thawwne acre, andemandor lots greater than one acre
(which are typically located in the more rural areas, not neighborhowishot involve a
smooth demand functioffo the extent that the demand for lots less than one acre exceeds the
demand for lots gager than one acre, it can be expected that the lots with lessnibacre will
experience upward pressure on the incremental 0.1 acre value.

As a home ages, the building materials age as thedlputs downward pressure on the
price of the housddowever, old lomes that are built really well, have bgeoperlymaintained
over the yearand possibly renovatednd may be desirable for their historical characteristics
would tend to put upward pressure on the price of the house. Thus, there may bratecquad
relationship in that as age increases the price of the home decreases and then after a certain age
the pricebegins tancrease. In general, the living area square feet, the garage square feet, the
number of fireplaces, and the acres of the lot apeeted to be an increasing function of the
house price, while age is expected to be a decreasing furcettens paribus

Neighborhood characteristics may include the quality of schools, or the socioeconomic
characteristics of the neighborhoddhe loation characteristics within the marlketiude the
township (or school district) in which the property is located and undoubtedly represent many
things such as distancefss to shopping, schools, sténters of employment, and other

BLatin, fot heqgqualhiongs being
141t is assumed that the land is not contaminated in any way.
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important amenities.

A valuable locational characteristic may include a propeetgg located next to a lake
which allows the owner to have a nice viend this tends to put upward pressure on the price of
the propertyceteris paribusA property located in a cile-sacor amidst treesvould enablethe
owner to have more privacy and potentially experience less noise from road tinaBiputting
upward pressure on the value of the hpoeteris paribusA property located close to railroad
tracks would tend to experienttee negative externalities resulting from trains operating. Loud
noise and vibrationsegative externalitiethata propery near railroad trackaould besubject
to, would tend to put downward pressure on the valubaifpropertyceteris paribus

Location may also include being located in close proximity to a wind farm. In a
landmark paper, Hoen et al. (2009) formalizedhepotential theoretical relationships between
wind turbines and hoebuyers(these are not mutually exclusive and thus are litelyccur in
combination with each other)

A Area Stigma: A concern that the gener al
appear more developed, which may adversely affect home values in the local community
regardless of whether any individual hohees a view of the wind turbines.
A Scenic Vista Stigma: A concern that a ho
wind energy facility, and the potential impact of that view on an otherwise scenic vista.

Nui sance Sti gma: rlayocounicadoserprotiniitato wifdact or s
turbines, such as sound and shadow flicker, will have a unique adverse influence on home
values. (2)

Of the stigmas that Hoen et al. (2009) addregz@aarily wind farmarea stigmawill be
addressed in this analySisThe author realizes these theoretical stigmas may occur together and
that overlap of these stigmas is actually what is being measured in the results. For example, the
vast majority of rural properties near the wind farm in this study have a view wifritle
turbines. Thus, althoughithanalysigefers to testing for wind farm area stigma, the area stigma
being tested actually incorporates the view of the wind turl§ireesthe view of the wind
turbines is so highly correlated wigtihoperties ircloseproximity to the wind turbines that these
effects cannot be separated'8ut

There was a recent survey conducted surrounding the wind farm in which this study is
focused on, Twin Groves | and A.random sample of residents of the Ellsworth, Saybrook, and
Arrowsmith communities wasurveyed in 2009 (Theron, 2010). Sixty percent of respondents
claimed theywereeither not concerned at all or not very concerned regarding wind farms
negatively impacting their property values. This survey response is sighif@asidering it was
taken during thevind farmoperation stage of Twin Groves | and Il. Therefore, after living with
the wind turbines, approximately 60% of the randomly sampled residents of the communities

> Hoen et al. (2009) considered homes within a distance of one mile to be in close proximity. Nuisance Stigma was
investigated in this analysis, but since only 11 properties soldwatie mile of the wind farm during wind farm
operations, the results of the nuisance stigma investigation should not be taken with great confidence.

1%1f two separate explanatory variables were included in the estimation to model distance and viewmiraf faem
separately, then thligh correlatiorbetween the two variableguld result in multicollinearity. Multicollinearity

occurs wha there is a relationship amoagme of the explanatory variables such that two or more explanatory
variables are soighly correlated that they largely or totally nullify one another (thus, insignificance of estimated
coefficients).
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werenot concerned about their property valdeslining because of the wind farm. This finding
is inconsistent with wind farm area stigma theory. Thus, this study investigates wind farm area
stigma theory by analyzing the actual property transactions around the winchfiaemthan
opinions of locaproperty owners

It is important to control for the time period in which the property sold in the analysis
which is an often ignored factor in the prevailing literattitee time period the price is observed
may include the year in which the propertyds@.g., including dummy variables for different
years in which properties soldjearly dummy variables aextremely importanto include in
the estimationf the prices are not adjusted for inflation. It is also important to include a
particular time ostagedummy variabl&’ and interact it with the most importaproperty
characteristics that will likely vary with time. For examptas important to include dummy
variableif a significant change occurred during a particular time pervidere the donmy
variable would take a value of one for properties that sold during the time period in which the
change was in effect, and it would take a zero value for properties that sold when the change was
not in effect(e.g., a wind farm constructed in an aneay be considered a significant chahge
More will bediscussed on this topic in Sectsdy and V.Also, theamount of time the house
takes to sell, c o montherhaykedt®eah orentialdimpaa thesssllingi t i me
price.

Following some exckent studiescompleted byKiel and McClain (1995a199%)*°, the
author recognizes that the effectaofvind farm on property valu@say not be constant over
time and that important information may be loghi stagef the adjustment process are
ignored, where thestageof the adjustment process correspond to diffdearls of risk as
perceivedby local residentshomebuyers, and sellétsTheoretically there could exist @ind
farm anticipation stigmasseiatedwith propertieghat sell in a locabn near a proposed wind
farm project.Wind farm anticipation stigmtheoryis a concern surrounding a proposed or
approved wind farm project thatpsimarily due to factorstemming from dear of the
unknown a generalncertainty surroundingwind famm project regarding the aesthetic impacts

I A dummy variable is a binary variable taking a value of one to indicate the presence of some categorical effect
that may be expected toifithe outcome and a value of zero to indicate the absence of some categorical effect.
¥Sirmans et al. (2005) state ATypically, a sellerds goc:
shortest possible time. These two objectives arergdiy reconciled with the setting of the listing price. A listing

price that is too high may have the effect of both lengthening the selling time and limiting the pool of potential
buyers. Setting the listing price too low may minimize the selling tinhertay also result in a selling price lower

than what otherwise could be attainedodo (7).

Sirmans et al. (2005) reviewed studies that have focused on the relationship betwesrttienmarket and selling
price. Sirmans et al-onthérRatkét 5 ncluddo anel statigically Bignifioam in the selleng

price equation, it is generally negative. This indicates that a longer selling time results in a lower selling price. When
selling price is included in a timen-the-market estimation, theesults are much less clear. In some cases, a higher
selling price Il eads to a |l onger selling time whereas il
(7). Of the 18 timeon-the-market studies Sirmans et al. (2005) examine, 50%eofiine, timeon-the-market is not
statistically significant, 44.4% of the time, tir@-the-market is negative and statistically significant, and 5.6% of

the time, timeonthe-market is positive and significant.

The author would have loved to be abléntcude timeonthe-market in the estimation. Unfortunately, tiroe-the-

market data are not freely available for all of the property sales included in this analysis. In general, there may be
inherent measurement errors in thmethe-market data due to gperty owners relisting their properties.

¥ Kiel and McClain (1995a, 1995b) examine the impact of an incinerator on housing values in North Andover,
Massachusetts.

 These stages of the adjustment process are thought to roughly correspond to thé wiagefaron development.
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on the landscap¢heactual noise impactsom the wind turbines, and just how disruptibhe
wind farm will actuallybe.i The wuncert ai nty dswhetherandmwlieiethg t he p
facility is located and howndesirable the facility might Bewill change through time and

should be reflected i n t hel99pa, 242)kied andNcClairo us e s 0
(1995a) state that the neffect of a facility
acqu r e more information, good or bad, on the a

(242). This statement may give light to the fact thastsurveys done in areas surrounding a

Apr opos eddindthat there i$ amxpenation thatpropertyvalueswill diminish, yet a
largenumberof t he studies completed in areas surroud
property values do naliminish.

As surrounding property owners acquire additional information on the aesthetic impacts
on the landscapend actual noise impacts of the wind turbines after the wind farm becomes
operational, residents of the local area matused to therte.g., the turbines become part of the
landscapeuch as telephone poféfaveoutside of homésand they may not takeetturbines
into account when movin another house in the local area.

Interestingly, even if evidence reveals that the wind farm has no impact, research has
revealed that initial risk perceptions may persist because of the way new information is
interpreted. New information which is consistent with an individual's existing beliefs is accepted
as reliable and accurate, while conflicting information is labeled erroneous, unrepresentative, or
propaganda (Kiel and McClain, 1995a; Slovic, 1987). Thus, anyndavwd pressure on prices, if
any, could be quite prolonged, especially if the majority of local residents are opposed to the
wind farm prior to wind farm approval.

Accordingly, this studyncorporats these important theoretical considerations into the
econometric modelmost importantly, wind farm anticipation stigma theory and wind farm area
stigma theory)Utilizing the econometric method described in the next section, this study will
test whether these theories hold for the spekiiecsing marketinder study.

V. EMPIRICAL METHOD

This study uses a data structure known as pooled cross sections o\ardiare
estimation technique known @sdinary Least Squares (OLS) multiple regression analysis
Every methodised for pure cross section analysis caapgied to pooled cross sections, such
as corrections for heteroskedastictymp or t ant fAcontr ol 0 variabl es
multiple regression analysis explain housing priceand these will help alleviate any self
selection probleRt. In usingpooled cross sections, time period dummies are usually included in
the model to account for aggregate changes over(Wvoeldridge 20@). A differencein-
differences estimation approach is adopted to explicitly analyze the relationship between
property pice and wind farm proximity over the different stages of developrnitaatassumed
that the relationship between the dependent variatiReal Property Price) and most of the

2L However, telephone poles do not have moving parts and they are much smaller than industrial size wind turbines.
2 A self selection problem occurs when a dummy variable indicator is systematically related to unobserved factors
reailting in biased estimators.
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independent variables remains constant over4firising this assumption, pang is helpful
because it can allow for more precise estimatdge estimation ssumptionsre included in

AppendixB.
Spatial dependence or spatial autocorrelation exists when there is a lack of independence
amongcross ect i onal u n i rlosaton fmeltideectionalk i.es theseristence of a

functional relationship between what happens at one point in space and what happens elsewhere
(Anselin, 1988)Although pices from adjacent units are likely to be correlgtezighborhood
effecty, if the correlation arises mainly through the explanatory variables (as opposed to
unobservables), then nothing needs to be done on a practical level (Wooldridge, 2002). When the
unobservables are correlated across nearby geographical units, OLS canestilébirable
propertie® often unbiasedness, consistency, and asymptotic normality can be established
(Wooldridge, 2002). Thus, this analysis assumes that any correlation arises mainly through the
explanatory variables rather than unobservables and alspaights matrix is not adopted.

If it is believed that several housing submarKegsist within a sample, there are two
ways of dealing with them in the estimation of hedonic equations. Malpezzi et al. (1980) state
Asepar at e r egr e xdforeactssubmnarket. This implieseaheriextrante
separation because it assumes all the hedonic prices are different in each submarket. The second
alternative is to introduce dummy (or indicator) variables for each submarket. This is more
restrictive tharthe first alternative in the sense that it forces the coefficients to be equal in each
submarket. Only the constant term, or the bas
22). The latter approach is adopted and the estimated coefficienéslot#tion dummy
variables represent the base price differential between the submarkets.

Spatial heterogeneftyexists when there is a lack of stability over space of the
relationships; i.e., functional forms and parameters vary with location and dremogenous
throughout the dataset (Anselin, 1988). Several conditions would lead to this: a byproduct of
measurement errors for observations in contiguous spatial units and the existence of a variety of
spatial interaction phenomena (Anselin, 1988). Thméo is likely to occur when data is
collected only at an aggregate level, thus there may be little correspondence between the spatial
scope for the phenomenon under study and the delineation of the spatial units of observation, and
as a result measuremantors are likely. Spatial spillover in measurement errors is one cause for
the presence of spatial dependence, which can lead tsphanical disturbance terms and errors
in variables problems (Anselin, 1988)Eac h housi ng mar k eitprigegs. oduces
This means that each set of hedonic pricesé e
observations from the same housing market. To use too broad a geographical definition of a
housing market would produce biased estimates from an impropgriggaged sample. To use
too narrow a definition would produce inefficient estimates because the estimates would not be
based on all available informationo (Mal pezzi
determined’.

% For the relationships that may not remain constant over time, time period interaction terms with the specific
variables are included (e.g., properties close to wind turbines interacted with time period).

* Fletcher et al.2000) provide a great overview of modeling housing submarkets.

% Distinguishing between spatial dependence (autocorrelation) and spatial heterogeneity can be a highly complex
problem.

% Too broad a geographical definition of a housing market in the studgle would be&ounty level Too narrow a
geographical definition of a housing market in the study sample wouldigkborhoodsubdivision Thus,school
districtsandtownshipsare included whertownshipsare a narrower geographical definition of a hngsinarket in
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Several measures that addrisssespatialaspectsare utilized in this analysigach of
the base equationgasestimated three timesach timeusingone of the three measures adopted
to control for spatial heterogeneity, spatial treraagl/orspatial submarket@eighborhood
effects) First, he {X, Y}-coordinate%’ of the property locationsereincluded in some of the
models to address the impact that absolute location has on property values and to model any
spatial trendsSecond, shool district dummy variablesereutilized asproxiesfor the housing
submarket Third, township dummy variablesereusedas proxesfor the housingsubmarket
These three specifications were utilized to demonstrate the rasertdust to either
specification and to allow for a more detailed comeisf property values near the wind farm
to property values in each of the other housing submaoketstime

A. DIFFERENCE-IN-DIFFERENCES ESTIMATOR

In order toanalyze the relationship betwettre price of a property and its proximity to a
wind farmoverthe different stages of wind farm developmgtages of the adjustment process)
a differencein-differences estimator is addpd. Consider the following equation:

RealPrice = By + Sywioperation + yynearwf + &, wfoperation * nearwf+& (4)

Where

A RealPricerepresents thselling prices of houses adjusted ifuitation;

A wfoperationis adummy variable equal tofbr properties that sold durirthe
time period in which theind farmwasoperatioml (and 0 otherwise)
nearwfis adummy variable equal to 1 for propertibat soldnear the wind farm
area(and 0 ¢herwise)
wfoperation*nearwis a dummy variable equal to 1 for properties that sold that
are located near the wind farm area during the time period in which the wind farm
wasoperational (and 0 otherwise);
Uis an error terr?;
By 84,75, 84 represent parametefsto be estimated.

>\

>\

A
A
The estimatetf coefficients of Eq. (4) can literally be calculated using simple avetages

BI} = REEIPrlCEF&rivEBﬂIDperat'u:in (5)

the sample thaschool districtsbut not nearly as narrow sswvnsor subdivisions

2" More details regarding the {X,¥}oordinates can be found in Appendix B.

2 An error term contains unobserved factors that affect the dependent variaf#g.dtso include measurement

errors in the observed dependent or independent variables (Wooldridge, 2009).

29 A parameter is an unknown value that describes a population relationship (Wooldridge, 2009).

% The equation is estimated using Ordinary Leagta®s (OLS) multiple regression analysis. OLS is a method for
estimating the parameters of a multiple linear regression model. The ordinary least squares estimates are obtained by
minimizing the sum of squared residuals (Wooldridge, 2009). There isdaak&r each observation in the sample

used to obtain an OLS regression line, where a residual is calculated as the difference between the actual value and
the fitted (or predicted) value (Wooldridge, 2009).

The fimeand or fAaver afgeunbeissivitkebini ned as the sum
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Og = [: RealPrice farwfwfOperation ~ RealPrice farwf,B40peration ) (6)
To = [ RealPr IC8 carwf B40peration RealPrice farwf,B40peration ) (7)

&, = (RealPrice — RealPrice

nearwf.B40peration )
—|RealPrice farwfwfOperation ~ RealPrice farwfB40peration ) (8)

nearwfwiOperation

Where?

A RealPrice; ... - raopsrarion 1S the real average price of properties that &ld
from the wind farmbeforethe time periodvhenthe wind farm was operational.

A RealPrice; ... c..consrarion 1S the real average price of properties that &ald
from the wind fam during the time period when the wind farm wagrating

A RealPrice, .,.r psoperarion 1S the real average price of properties that selar
the wind farmareabeforethetime periodwhenthe wind farm was operational.

A RealPrice, q,.¢.wromeration 1S the real average price of propestthat soldhear

the wind farm during the time period when the wind farm eg@erating

The bar oveRealPricedenotes the average and the subs&4#@perationdenotes the

time period prior to wind farm operation and the subsevifiperationdenotestie time period

in which the wind farnwasoperational. The subscrifarwf denotes properties that sold far

away from the wind farm and the subscriparwfdenotes properties that sold near the wind

farm. Thus, the estimated coefficients have the follapimerpretations:

A B, the intercepbr constant termepresents theealaverage price of a honfar
from the wind farm prior to operation of the wind far8ee Eq. (5).

A &, captures aggregate factors that affect real property preting it captures
changes in housing values of properties far from the wind farm frotmike
period before wind farm operations to tirae period when the wind farmas
operationalSee Eq. (6).

A ¥, measures thiecation effecthat isnotdue to the presence of the wind farm.
This takes into accouainy housing price differential between prorhear the
wind farm and far from the wind farm prior to wind farm operati@ee Eq. (7).

A &, the coefficient on the interaction temroperation*nearwis theestimated
parameter of interest: it measures the change in housing values due to the new
wind farm, provided that houses both near and far from the site did not appreciate
at different rates for other reasons. Wind farm areanstigould occur i, is
negative and statistically significai@ee Eq. (8).

The differencen-differences estimator(4,) applied to the present study estimates the

32 Column (1) of Table D.1 of Appendix D contains the results of estimating Eq. (4). The real average prices of
properties that sold can be found in Table C.1 of Appendix C.
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difference over time in the average differenceeafl housing pricesear the wind farngnearw)
and farther away from the wind farffarwf). §, hasalsobeencalled the average treatment effect
becauseitmeaswe he ef fect of the fAtreatmento or pol.
dependent variable (Wooldridg2009).4, tests whethea wind farmarea stigmaxists,wherea
negative and statistically significaff would provide apport for the existence of an area
stigma.Please see Appendix D forore complexexamples and explanationshow to interpret
each of the estimated coefficients.

To see how effective the differenaedifferences estimatas for estimating housing
price impacts from a wind farm, it can be compared with some alternative estirkators.
example properties fatter away from the wind farficould beignoredand instead the change
in therealaveragepropertyprice over time for properties near the wind fatgould be used to
measure the impact of the wind farm on property vahees the wind farm

RealPrice, . ¢ woperation — ReElIPrlcenEEerBmpemﬂm) 9)

Theproblem with this estimatan Eq. (9)is that theaveragaesponse can change over
time for reasons unrelated to the wind fgerg., housing crisis and economic recessionhjs,
it is important to be able to compare the property vahanges over time for the area near the
wind farm to the property value changes over timeafoarea far from the wind farm.

Another possibility is to use the approach that most authors have used in analyzing the
impact of wind farms on property valuéisat is touse a pure crossection approach angnore
thetime period before the wind farm achieved commercial operatioti€omputéhe
difference inaverage®f real property pricefor properties near the wind farm and properties
farther away from tb wind farm for the time period in which the wind fanwasoperational

RealPrice, .. . fwioperation — RealprlceFarwﬁwfﬂperatic\n) (10)

The problenmwith Eq.(10) is that there might be systematimmeasured differences in
properties near the wind farm and properties farther away from thefavmdhat have nothing
to do with thewind farm(e.g., distance teub-centers of employment, grocery stores, and
shopping. Thus,attributing the difference in averagef thehousing priceso the wind farm
would be misleadin} (Wooldridge, 20Q).

By comparing the time changesr@al average property prices theproperties near the
wind farmandfarther away from the wind farnboth groupspecific® and timespecific effects
are allowed fot’ (Wooldridge 20(2). Please see Appendixfor moreexamplesand
explanations.

3 Properties farther away from the wind farm are thietl group. A control group in a program evaluation is the

group that does not participate in the program.

% Properties near the wind farm are the treatment or target group. A treatment or target group in a program
evaluation is the group that partictpa in the program.

% This approach that is often misleading is demonstrated in Section VI by estimation sfaggeoti the wind farm
separately.

% e.g., neighborhood effects.

3" Nevertheless, unbiasedness of the differénedgifferences estimator stilequires that the change (operation of a

wind farm) not be systematically related to other factors that affect housing values (and are hidden in the error term).
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V. PROJECT LOCATION AND DATA

This section begins with an explanation as to why Twin Groves | and Il were chosen for
this analysis Next, maps of the study areas are presented alongangtescriptionsFinally,
this section concludesith a description of the data collectextluding summary statistiad the
variablesincluded in this study

A.  WHY TWIN GROVESWIND FARM?

The largest wind farm east of the MississiBprer, Twin Grovesl and Il (TG | and Il)in
McLean County, lllings, waschasen for this analysis because lllinois State University, the
universitythe authowas attending while completing this studs/also located in McLean
County. Thus, the site was chosen for its conveni&naéso, at the time of the decision, there
had not beeany hedonic regressi@tudies thahadexamined properties that sold around a
wind farm of this magnitude, 240 turbines, 1iiégawattsNIW) per turbine, 22,000 acres, with
a hub height of 262.5 fe€t80 meterspr 398 fee(~121 metersjrom the base of the towéaw
the top of the blade

B. STUDY AREA

The study area for this analysis consists of 21 townships in eastern McLean County,
lllinois andfour townships in western Ford Countlfinois. Table4 contains a list of the
townships incldedin the study as well as the size of the towngsimgerms of land ared he
total study area consists bf023squaramiles 654,23%cres).The wind farm area consists of
22,000 acresFig. 1 containsa map of the study area along wiidentifiers for he wind turbines
from Twin Groves | and lISeveral wind farms that have been approved by the McLean County
Board but have ngtetbeen built are pictureid Fig. 1, namelywhite Oak wind farm and Twin
Groves IV and V. It was decigéd to extend thetudyarea beyond the townshismediately
surrounding Twin Groves | and lecaiseof the McLean County Board approval of Twin
Groves IV and TG IV and Vwill reside n several of those townshigisat border TG | and
II). Consequently]l,023square milegareincludedin the study areto ensureghereare
appropriate control aredi.e., areamnot affected by a wind farniy the analysis

I GROYES
WD F& RS

¥ Since the author had a $0 buddetyas important to havaccess tdlcLean CountyGIS datafor the purpose of
calculating distances fropropertiego the windfarm. Luckily, Mr. Phil Dick, Director of McLean County Building

and Zoning, agreed to support the project which gave the author access to McLean County (M8GI&a2010)

39 The plained turbine locations are identified on the map for White Oak wind farm and Twin Groves IV and V, but
the actual turbine locations may differ.
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Table 4. Study Area Township Size

Township Acres SgMiles
Gridley township 34,879 54
Dix township 34,552 54
Drummer township 34,339 54
Randolph township 31,755 50
Downs township 31,666 49
Empire township 31,619 49
Bellflower township 31,169 49
West township 31,104 49
Sullivant township 30,329 a7
Lexington township 26,213 41
Lawndaletownship 25,439 40
Money Creek township 25,148 39
Hudson township 24,193 38
Blue Mound township 24,161 38
Dawson township 24,013 38
Oldtown township 23,677 37
Yates township 23,389 37
Anchor township 23,377 37
Cheney's Grove townshi 23,364 37
Chenoa township 23,334 36
Martin township 23,192 36
Arrowsmith township 23,112 36
Towanda township 23,021 36
Peach Orchard townshig 15,483 24
Cropsey township 11,710 18
Total Study Area 654,239 1,023

Source:U.S. Census Bureau
Notes:SgMiles=Squardiles
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According to a local realtor thep threetownshipsthat areconsidered prime home location
spos areOldtown, DownsandHudson The topthreevillagesthat areconsidered prime home location
spos areDowns, Hudsonand Heyworth. Tie top school districts within the study area inclddemal
Community Unit School District (CUSD) 5, Trivalley CUSa8dHeyworth CUSD 4.

Table 5 contains township population over the past 110 years. The percent changes in population
from 1900 to 2000 for the top home location spotsHp&o Downs 82%Hudson 178%0Ildtown and
104%Randolpf’. The percent changes in population from 1900 to 260the townships in which

Twin Groves | and Il are located a#7% Arrowsmith-3 8 % Cheney 6 €8%@®awsone, and
Thus, t appears that the wind farm was sited in areas that had a declining population over the past
century

Table 6 contains the numbef housing units by township from 1970 through 2000. The percent
changes in the number of housing units from 1970 to 2000 for the top home location spots are 10%
Downs 53%Hudson 199%0ldtown,and61% Randolph.The percent chamg in the number of
housng units from 1970 to 2000 for the townships in which TG | and Iparearily located are9%
Arrowsmith, 8% Ch®wnPgwsoGrodket handh the number
Grove township has increased by 8% from 1970 to 2000, the mwhbeusing units has declined by
8.75% from 1980 to 2000. Before TG | and Il were proposed, there apparently had not been any
significant growth in population nor in the number of housing units within the townships where TG |
and Il eventually located.his fact could have contributed to the relative lack of opposition to the wind
farm during the approval procéss

“°The village of Heyworth is ilRandolphtownship.
*1 The audio recordings from the McLean County Zoning Boaipgieals hearings for the TG | and Il speaiak permits
were obtained and listened to by the author.
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Table 5. Census Population: 1892000 Townships
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1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 19002000
lllinois 3.8M 4.8M 5.6M 6.485M 7.6M 7.9M 8.7M 10M 11M 11.4M 11.4M 12.4M 158%
Ford County, lllinois 17,035 18,359 17,096 16,466 15,489 15,007 15,901 16,606 16,382 15,265 14,275 14,241 -22%
McLean County, lllinois 63,036 67,843 68,008 70,107 73,117 73,930 76,577 83,877 104,389 119,149 129,180 150,433 122%
Allin township, McLean 1,209 1,302 1,197 1,115 1,006 1,037 967 938 1,053 1,057 996 1,047 -20%
Anchor township, McLean 903 957 932 825 763 666 643 644 528 441 393 376 -61%
Arrowsmith township, McLean 1,090 1,081 1,013 946 907 783 798 782 646 566 549 569 -47%
Bellflower township, McLean 1,294 1,241 1,167 1,183 1,220 1,070 964 927 952 794 702 682 -45%
Bloomington City township 20,484 23,286 25,768 28,725 30,930 32,868 34,163 36,271 39,992 44,189 51,972 64,808 178%
Bloomington township, McLean 2,250 2,025 2,034 2,211 2,239 2,582 3,514 4,896 4,939 3,835 3,176 41%
Blue Maund township, McLean 1,057 1,158 1,176 1,053 1,025 919 782 693 685 616 478 473 -59%
Brenton township, Ford 1,315 1,377 1,355 1,299 1,262 1,147 1,176 1,283 1,124 1,073 994 929 -33%
Button township, Ford 862 876 766 729 614 560 470 426 385 335 299 290 -67%
Cheney's Grove township 1,849 1,723 1,557 1,479 1,379 1,455 1,314 1,310 1,192 1,223 1,051 1,069 -38%
Chenoa township, McLean 2,004 2,219 2,117 2,002 2,002 2,021 2,032 2,053 2,440 2,368 2,228 2,305 4%
Cropsey township, McLean 543 544 531 514 500 454 424 387 341 288 240 256 -53%
Dale township, McLean 1,010 1,063 1,022 866 906 802 778 838 953 1,018 1,192 1,276 20%
Danvers township, McLean 1,665 1,760 1,543 1,497 1,412 1,496 1,468 1,461 1,486 1,595 1,692 1,953 11%
Dawson township, McLean 1,264 1,275 1,235 1,109 1,041 1,039 870 766 756 688 649 668 -48%
Dix township, Ford 1,450 1,436 1,366 1,343 1,133 1,071 1,066 957 898 792 711 686 -52%
Downs township, McLean 1,330 1,330 1,278 1,137 1,128 1,038 998 1,133 1,170 1,014 992 1,079 -19%
Drummer township, Ford 2,997 3,304 3,165 3,178 3,043 3,225 3,745 4,243 4,580 4,071 3,897 3,898 18%
Dry Grove township, McLean 1,092 1,218 903 848 812 716 756 750 993 1,501 1,494 1,649 35%
Empire township, McLean 2,325 2,639 2,635 2,523 2,391 2,517 2,437 2,694 2,957 3,473 3,379 3,845 46%
Funks Grove township, McLean 77 916 791 624 796 677 588 574 425 358 302 293 -68%
Gridley township, McLean 1,699 1,836 1,833 1,753 1,653 1,579 1,561 1,568 1,628 1,805 1,813 1,914 4%
Hudson township, McLean 1,269 1,277 1,095 1,062 1,017 956 910 1,144 1,619 1,766 1,853 2,318 82%
Lawndale township, McLean 945 840 755 685 637 554 457 447 357 273 237 227 -73%
Lexington township, McLean 2,174 2,498 2,211 2,123 2,050 2,036 1,789 1,887 2,206 2,441 2,271 2,331 -7%
Lymantownship, Ford 1,298 1,413 1,248 1,212 1,052 936 924 920 838 688 617 578 -59%
Martin township, McLean 1,428 1,911 1,601 1,624 1,429 1,387 1,345 1,339 1,287 1,180 1,154 1,229 -36%
Mona township, Ford 756 853 850 801 818 721 656 533 510 479 383 387 -55%
Money Creek township, McLean 882 843 753 716 676 631 590 597 780 780 824 1,084 29%
Mount Hope township, McLean 1,432 1,361 1,486 1,497 1,520 1,367 1,313 1,329 1,276 1,170 1,130 1,172 -14%
Normal township, McLean 4,651 4,844 5,959 7,519 7,713 10,444 14,122 27,532 36,163 40,449 45,637 881%
Oldtown township, McLean 906 970 946 774 820 763 730 778 960 1,570 1,738 2,692 178%
Patton township, Ford 3,559 4,425 4,160 4,040 3,928 4,005 4,694 5,247 5,410 5,327 5,226 5,413 22%
Peach Orchard township, Ford 1,008 1,017 953 959 838 830 838 810 720 700 654 614 -40%
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Pella township, Ford
Randolph township, McLean
Rogers township, Ford
Sullivant township, Ford
Towanda township, McLean
Wall township, Ford

West township, McLean
White Oak township, McLean
Yates township, McLean

800
1,833
851
1,322
1,255
757
1,135
594
1,017

734
1,891
809
1,397
1,242
718
1,035
607
919

Wind Farm Proximity and Property Values

624
1,829
695
1,185
1,210
729
999
692
864

517
1,978
643
1,123
1,123
622
871
655
807

558
1,983
610
1,065
1,134
568
896
636
718

503
1,970
557
963
1,094
489
798
627
658

495
2,022
515
893
959
429
677
598
618

369
2,181
516
954
1,059
348
551
541
599

341
2,700
457
827
1,031
292
424
647
477

285
3,010
569
692
1,375
254
318
761
409

206
2,934
460
608
1,191
220
264
803
375

220
3,856
414
594
1,024
218
278
807
340

-70%
104%
-49%
-57%
-18%
-70%
-73%

33%
-63%

Source:U.S. Census Bureau
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Table 6. Housing Units: Townships

1970 1980 1990 2000 197062000

Anchor township, McLean County 181 170 146 125 -31%
Arrowsmith township, McLean County 215 226 203 196 -9%
Bellflower township, McLean County 323 307 282 258 -20%
Bloomington City township, McLean Count 14,459 20,050 22,640 26,642 84%
Bloomington township, McLean County 1,642 1,925 1,546 1,231 -25%
Blue Mound township, McLean County 232 249 204 194 -16%
Cheney's Grove township, McLe@ounty 404 480 439 438 8%
Chenoa township, McLean County 788 886 870 867 10%
Cropsey township, McLean County 115 112 100 86 -25%
Dawson township, Mcéan County 264 289 232 240 -9%
Dix township, Ford County 290 321 281 261 -10%
Downs township, McLean County 357 356 363 393 10%
Drummer township, For@ounty 1,679 1,776 1,728 1,668 -1%
Empire township, McLean County 1,030 1,346 1,338 1,489 45%
Funks Grove township, McLean County 132 137 120 109 -17%
Gridley township, McLeaCounty 550 680 670 721 31%
Hudson township, McLean County 549 657 692 842 53%
Lawndale township, McLean County 113 99 90 75 -34%
Lexington townkip, McLean County 730 950 884 913 25%
Martin township, McLean County 488 524 493 486 0%
Money Creek township, McLean County 307 379 389 411 34%
Normaltownship, McLean County 6,586 10,548 12,454 15,257 132%
Oldtown township, McLean County 294 566 588 880 199%
Peach Orchard township, Ford County 292 307 288 245 -16%
Randolph township, McLean County 879 1,138 1,123 1,417 61%
Sullivant township, Ford County 289 293 256 221 -24%
Towanda township, McLean County 327 470 435 410 25%
West township, McLean County 136 123 99 88 -35%
Yates township, McLean County 159 149 135 125 -21%

Source:U.S. Census Bureau

Two villages are completely surrounded bg TG | and Il wind turbines. Aerial photos
of the village of Ellsworth and the village of Arrowsmith are pictured in Fig. 2 and Fig. 3,
respectively. Ellsworth is located within thevalley School District Zand had a population of
271 in 2000 (U.S. Cens Bureau, 2000). Arrowsmith is located within Bidgeview School
District 19and had a population of 298 in 2000 (U.S. Census Bureau, 2000). The village of
Saybrook is | ocated wit hi n RidgeedewGt¢heohDasyidéi 9. Gr ov e
Wind turbines are located to the north and west of Saybrook. Saybrook had a population of 764
in 2000, which is a population decline of 13% from 1900 to 20@0S. Census Bureau). None
of the three villages contain a grocery store, though Saybrook does gavatation.

“2 Saybrook had a population of 879 in 1900 (U.S. Census Bureau).
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The land in the wind farm area is primarily farmland used to grow corn and soybeans.
McLean County is the largest land area county in lllinois and is one of the most productive
agricultural areas in the United States; fortunately, the wirmnes took only a small
percentage of farm acreage out of produéfiofihe wind turbines are located across moraines
that formed during the Wisconsin Glacial Episode. The land area surrounding the wind farm is
slightly rolling with very limited relief (ie., generally relatively flat and is sloping in some
areas). The land to the south of the wind farm gradually declines in elevation. TG | and Il are
primarily surrounded by land in the-Agriculture District, though some turbines are adjacent to
land in tre R-1 Single Family Residence District. Although the minimum distance needed to
maintain compliance with the State of lllinois Noise Regulations is 655 feet from the turbine to
the nearest residence, the developer proposed and implemented a minimuradt, S6thack
from a wind turbine to the nearest residence.

Fig. 2. Ellsworth Village

“3 Each turbine takes anywhere from one to two acres depending on how long the accissgEnmeil from Marie
StreenzHorizon Wind EnergyMay 5,2010).
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Fig. 3. Arrowsmith Village

C. Data

The property sales and a portion of the property characteristft dagaiin this analysis
were obtainedrom the Supervissrof Assessmentffices in McLean and Ford Counties
(2010) A list of the main variables used in this analysis is presentédbte7. These variables
will be described in the subsections that follow armate detas regarding the construction of
some of the variables can be found in AppendiXlie final dataset contains 3,8pfoperty
transactions from 01/01/2001 through 12/01/26@@d the properties that sold are identified on

*4 This information is publically available.

“5The original McLean County dataset consisted of 4,088 property transadiientllowing types of transactions

were not conm® deeedtho be Mature and werepamwadcordingly
transactions, duplexes, triplexes, quadplexes, judicial, family, mobile homes, contract, compulsory, auctions, DHUD
(Department of Housing and Urban Development)v e t e r, fareciosuregprepenties thasold for less than

$25,000and above $400,00@ndthose that hathcompletedata regardinghe characteristicef the propertiege.g.,

missing year builtmissingsquare feet)Market value (and a transaction considered® fisarlmengt ho) i s t h
highest price in terms of money, that the property will bring to a willing seller if exposed for sale on the open

market; allowing a reasonable time to find a willing buyer, buying with the knowledge of all the uses to vehich it i

adapted and for which it can be legally used, and with neither buyer nor seller acting under necessity, compulsion,

nor peculiar and special circumstanceo f ur t her verify there were only fAar ma
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themap inFig. 4. Thetime periodand explanatory variablefhosen wrebased on the available
electronic dat®.

author took a ratheimhe-consuming approach and verified the records of every single transaction near the wind
farm via the following website hkttp://www.mcleancountyil.gov/resolutios/

Regarding the removal of properties that sold below $25,000, this price was chosen hdoeaisgppraiser
suggested that homes that sell for less than $25,000 are not likely to be in livable coadditns analysis is
concerned with the potential impact that close proximity to an operatingfarimdmay have on the value of
propertiestiat are indeed in livable condition. Properties that sold above $400,000 were removed because these

outliers were considered to be fAinfluenti alnatioojbser vati
i.e., AOLS i s s uswepsthecdusedt minimizes thet sunyaf syuwaredrbsgldals: large residuals

(positive or negative) receive a lot of weight in the least squares minimization problem. If the estimates change by a
practically large amount when we slightly modify our sample stvould be concene d 6 ( Wool dr Adge, 20

regression was estimated excluding the variables of interest, and the standardized residuals were obtained. The
observations witlhigh standardized residudlgreater than threeyere removednone were whin athreemile

distance of the wind farm

“® The variables included in the analysis were based on the available data. Property sales from Champaign County
could not be obtained, but the author does not believe this to have any impact on the analysisdf¢lea very

small population (and likely few property sales that occurred) located in the northwest corner of Champaign County
(which is the area in the Champaign County closest to TG | and Il).
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Table 7. Variable Definitions

Variables(Definitions)

In(Real Property Pricedr In(Real Price)Natural Logarithm of Real Price of &erty in 2009 Q2 )5
Real Property Pricer Real Price(Real Price of Property in 2009 Q2 $

Square Feetabove gradéiving area ofthedwellingin 1000sof square fegt

Garage(area of the garage 80sof square feet; number of cars that can fijanage

Acre(tenths of acres of the properiyhentotal acreage is dcre or less0 otherwisg
Acres(number of acres of the propertyhen btal acreage is greater thaadre 0 otherwisg
Age(decades) (deed year minus year built)

Agé€ (the squae of the age of the home in decades)

Fireplaces(numberof fireplace$

Railroad Trackg1 if within 180 meters ofailroadtracks, O otherwise)

Lakefront(1 if within 70 meters of a lake, O otherwise)

Cul-de-sac(1 if property located near a edé-sag 0 otherwise)

Trees(1 if within 180 meters obeciduous oEvergreerforests,0 otherwise)

Near Wind Farnmor nearwf(1 if property located withithreemile buffer of wind farm, O otherwise)
Before Vihd Farm Approvalor Before WF Approval if propety sold 01/01/200:D9/20/2005, 0
otherwise)

Post WF Approval and Constructioar Post WF Approval/Constructigi if property sold 09/21/2005
02/02/2008, 0 otherwise)

BeforeWF Operationor B4Operation(1 if property sold 01/01/20602/02/20080 otherwse)

Wind Farm Operatiomor wfoperationor WF Operation(1 if property sold 02/02/20682/01/2009, 0
otherwise)

Near Wind Farm, Post WF Approval/Constructi{@nf property located within three mile buffer of winc
farm and sold 09/21/20082/02/2008, 0 dterwise)

Near Wind Farm, WF Operatiofl if property located within three mile buffer of wind farm and sold
02/02/200812/01/2009, 0 otherwise)

{X,Y}-coordinatemapping coordinates in meteskthe location of the propeity

C (Interceptor constant tem)

Community UnitSchool District{ CUSD)«< Blue Ridge CUSD 18, El Pagéridley CUSD 11, Gibson
City-SibleyMelvin CUSD 5, Heyworth CUSD 4, LeRoy CUSD 2, Lexington CUSD 7, Normal CUSI
Prairie Central CUSD 8, Ridgeview CUSD HxdTrivalley CUSD 3(1 if property located far from the
wind farm within specific school distrig€CUSD), 0 otherwise)

CUSD, Post WF Approval and Constructi¢h if property located far from the wind farm within specifi
school district and sold 09/21/2002/02/20@, 0 otherwise)

CUSD, Wind Farm Operatior CUSD, WF Operatiofl if property located far from the wind farm
within specific school district and sold 02/02/260801/2009, 0 otherwise)

Townshipe Anchor, Bellflower, Blue Mound, Chenoa, Csep, Dix, Downs, Drummer, Empire, Gridle
Hudson, Lawndale, Lexington, Martin, Money Creek, Oldtown, Peach Orchard, Randolph, Sullival
Towanda, WesgndYateg(1 if property located far from the wind farm within specific townsBip
otherwise)

Townslp, Post WF Approval and Constructi¢hif property located far from the wind farm within
specific township and sold 09/21/2603/02/2008, 0 otherwise)

Township, Wind Farm Operatiofl if property located far from the wind farm within specific townshiy
and sold 02/02/20082/01/2009, 0 otherwise)
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1. DEPENDENT VARIABLE

The dependefitvariable is the natural logarithm of the real property transaction price in
2009Q2U.S.dollars® (In(Real Price)or In(Real Property Pricd) The actual (nominal) property
transaction pricefor properties that sold in the study areaaanalable to the publiand they
wereobtained from the Superviswf Assessmentsfficesin McLean and Brd Counties
(2010) This nominal transaction price was converted to real dollars in order to allow meaning in
comparisons over the time period. Sirmans et al. (2005) claim that generally the observed recent
selling price is used as a proxy for the valtia bouse, because it is thought to be the least
biased proxy€.g..a h o me 0 vassessniest is theubght to be biased).

Freddie Mac's Conventional Mortgage Home Price If0&MHPI) for the
BloomingtorNormal, 1L°° Metropolitan Statistical Area @8 MSA) thatprovides a measure of
typical price inflation for houses was used to adjust for inflation (Freddie V2i®).As can
be seen in Eq. (11) below, thisszolved multiplying the nomingbropertytransaction price
(NominalPricg) of a property thatad in year and quartét) by the ratio of the2009Q2B-N
CMHPI to the BN CMHPI that corresponds to the year and qudt}én which the property
transaction occurred

B-N CMHPI; o000z
E—N CMHPI,

RealPrice, = NominalPrice, #

(11)

The natural logarithm of reg@ropertypriceln(RealPric§ was ultimately chosen as the
dependent variable. The natural log transformed the data to a closer to normal distribution than
the level form. Sirmans et al. (2005) assert that the empirical specification generally used for
hedonic pricing studies has lbelenear or semiogarithmic uinctional forms, but that the most
used is the sentog form. The semilog specification has several bengfi(1) it helps to
minimize the heteroskedasticity problem; (2) the dollar value of each characteristic is allowed to
vary; and (3) the estimated coefficients€fj have convenient interpretations®f&1)*100 is
the percentage change in the transaction price given-arohehange in the characteris(@ond
and Wang, 2005; Halvorsen and Palmquist, 1880vorsenand Pollakowski, 198Kiel and
McClain, 1995bSirmans et a]2005).Accordingly, the serlog specification was adopted.

2. TIMELINE

In order to take into account the differastdges of the adjustment process that
correspond to different levels of rigls perceived by local residents surrounding a wind farm
projectproposala timeline for the wind farm project had to be deterniihedany articles

“" A dependent variable is the variable to be explainemultiple regression model.

8 Quarter two of 2009 dollars.

9 This index has been utilized in other housing studies to adjust for inflation, including Hoen et al. (2009).

%0 Although properties that sold in the cities of Bloomington and Normal weriaclatled in the analysis, the
BloomingtortNormal, IL MSA was chosen because it was the closest MSA to the project area.

*1 The base yeaP009 was chosen because it was thought that people could relate more with relatively current
prices of homes when agalng the descriptive statistics.

*2 A significant amount of time was spent investigating the proper dates for the break points in the stages of
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published inThePantagraph alocal newspapewer e revi ewed as well as
websitein determing this timeline The dates were then verified by tMelwest Director of
Development for Horizon Wind Enerd2009) The various stages are lidten Table8.

This study analyzes two different specifications for the various stages of the wind farm
devebpment.The first is a naive specification that ultimately involves separating the wind farm
development process into two stages: t# time periodefore TG | and Il became fully
operationalBefore Wind Farm Operationand (B)the time period that bbtTG | and Il hd
achieved commercial operatiofWind Farm Operation)The second specification allows for a
more dynamic approach to the housing value adjustment process. In this arguably more
appropriate approach, the wind farm development procesddediinto three stageét) the
time periodbefore TG | and Il were approved by the McLean County B({Before Wind Farm
Approval) (2) the time periodfter TG | and Il were approved by the McLean County Board and
during construction of TG | and (Pog WF Approval/Constructionand (3) the time period that
both TG | and Il hd achieved commercial operatiofind Farm Operation)

Table 8. Twin Groves | and Il Timeline: Stages of Wind Farm Development

2 Stage Approach Time Period
Stage A Before TG | and IareFully OperationglBefore WF Operation 01/01/2001i 02/01/2008
Stage B Twin Groves | and Il OnlineWind Farm Operation 02/02/2008 12/01/2009

3 Stage Approach Time Period
Stage 1 Before TG | and Il ApprovalBefore WF Approval 01/01/200% 09/20/2005
Stage 2 PostWF Approval and during Construction 09/21/2005 02/01/2008

Stage 3 Twin Groves | and Il OnlineWind FarmOperation 02/02/2008 12/01/2009

SourcesThePantagraph (200i12009), Horizon WindEnergy (2009)
Notes:WF=Wind Farm=TG | and £Twin Groves | and Il

The stages of the adjustment process (corresponding to perceived risk by local residents
and prospective homebuyers) are thought to roughly correspond to the stages of wind farm
devdopment. Property values before the wind farm was apprd&efbie Wind Farm Approval
Stage 1) should reflect the normal supply of and demand for housing and the various structural,
neighborhood, and locational characteristics of the properties.

In McLean County, lllinois, a wind farm is designated as a Major Utility and a wind farm
developer must apply forspeciatuse’® permif* as part of the development process. The

development in the wind farm timeline. All wind farm related articles appearing in the local new3pegper,

Pantagraph were reviewed with a focus on the content and date of the articles. The stages of the adjustment process
(corresponding to perceived risk by local residents and prospective homebuyers) are thought to roughly correspond
to the stages of wind farm delopment.

%3 Because of their unique charaistics, the uses set forth Atticle 81 Special Use Permitshall be located in a

district or districts only upon consideration in each case of the impact of such use upon neighboring land and of the
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McLean County Board is authorized to decide whether spes&permits shall be gradte
subject to the general and specific standards contained in the McLean County, lllinois Zoning
Ordinance (more specifically, Section 803 of Article 8 and Section 2 of Article 6). A public
hearing must be held by the McLean County Zoning Board of AppgBK)(prior to the
granting of any specialse permit. The ZBA shall submit a written report that contains findings
certifying that adequate provision has been made for complying with the standards for issuance
of specialuse permits (Chapter 40McLean Caunty, lllinois Zoning Ordinance, Article 8,
Section 803; Article 6, Section 2). The ZBA shall submit the written report and recommendation
to the McLean County Board within 30 days after the close of the public hearing. The concurring
vote of at least foumembers of the ZBA is necessary in order to recommend approval to the
County Board of a speciaise permit application If a specialuse is approved by the McLean
County Board, then theind farm deeloper is allowed to apply fduilding permits for eahk of
the wind turbines (before sunset of the speasd permit). During the wind farm permitting
process, the main hurdle the wind farm developer has to surmount is to provide sufficient
evidence to convince the ZBA that the standards set forth in S&8Baf Article 8 are satisfied
such that the ZBA will recommend approval of the spacsa& permit to the County Board.
Meeting specific conditions that the ZBA may stipulate in its recommendation to the County
Board would also be advis&d

Forthisanalysis, Stage 2(Post WF Approval/Constructiolecganthe dayafter the
McLean County Boardfficially approved the spectalse permit, and therefore construction of
the wind farmwasalmost ineviable September 21, 2085 Construction literally bem June29,
2006, and the first towers were erected around September 28 T2@Bantagraph, 2006)

public need for such a use at the particular location.

>4 Material in this paragraph is adapted from Article 8pecial Use Permits in Chapter 4®cLean County,

Illinois Zoning Ordinance which may be downloaded from the McLean County website. Available at
<http://www.mcleancountyil.gov/build/pdf/Zoning_ordinance.pdf>.

> The Zoning Board of Appeals may recommend and the County Board may stipulate such conditions and
restrictions upon the establishment, location, construction, maintenance and operation ofdhessppermit as is
deemed necessary for the protection of the public interest and to secure compliance with the standards and
conditions contained within Chapter #®cLean County, lllinois Zoning Ordinance, Article 8.

*5 For example, the ZBA found thtite specialise application in case S05-09 (for TG | and 1) met all the

standards found in the McLean County Zoning Ordinance provided the following conditions wefielmet: a
mitigation agreement is made between the appliaad Craig and Rose Grantprovide a planting screen between

two proposed wind turbines in Section 36 in Dawson Township and the Grant property; 2) no wind turbine tower is
located closer than 600 feet to the neare&t$ingle Family Residence District boundary as measured freript

of the turbine blade; 3) a written road agreement is approved by the County Board and Dawson, Arrowsmith, and
Cheneys Grove Townships as a condition of this approval; and 4) the following has occurred after completion of
Phase | and before begingiPhase II: 1) the applicant has requested a meeting with the Director of Building and
Zoning; 2) a meeting takes place with the applicant and staff of the McLean County Department of Building and
Zoning where the applicant will adequately address probteraencerns that are identified through Phase | by the
Director of Building and Zoning; and 3) any items brought up at this meeting that cannot be adequately addressed
according to the Director of Building and Zoning will need to be appealed to the Zdoémd of Appeals for

resolution at their next available meeting; and the applicant will provide engineering plans certified by a registered
engineer that each tower and wind turbine is designed and built according to appropriate national standards.
Available at $ttp://www.mcleancountyil.gov/boandtes/pdf/September2005/pro.pdf>.

*"The McLean County Board approved the spegss permit September 20, 2005 with a waiver to allow up to 16
wind towers to be as close as 600 feet to dn$ngle Family Residee District rather than 2,000 feet as required

and to be allowed to apply for Building Permits for TG | up to three years after County Board approval and for TG
Il up to five years after the beginning of construction of TG I, rather than one year asdallow
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During Stage APost WF Approval/Constructionthe probability that the wind turbines are to be
constructed and go online icisionwiilebaveidn t o be on
expected damages relative to expected moving
McClain, 1995a, 244). Uncertainty arises regarding how disruptive the wind farm will actually
be; and as a result this uncertainty may be ¢tftein the form of lower property pricésind
farm anticipation stigma theorgy longer dayson-the-market.Consequentlyfrom a theoretical
standpointjt is plausible that durin@tage 2(Post WF Approval/Constructiorg, property
owner, who is fearfiof living near wind turbines or one who just does not want to live near
wind turbines, may try to sell their property before the wind farm becomes operavordl
farm anticipation stigma theory) property ownemay fear that their property will nbe able
to sell once the wind farm project is fully operational; and as a consequence, the owner may end
up selling their property for much less than it is actually wrffhe author denotes this
property value impact froris uncertaintyaswind farm anicipation stigma theory

TheWind Farm Operationstage Stage3, begins when all of the wind turbines of TG
and Il are generating electricify Knowledge of anyifacility effect (e.g., noise, visualyill
accumulate over this period until no more emainty about the effects exist. Thus, damage
should be measurable as an acfigaire rather than an expected value. As this knowledge moves
through the market, prices should make their final adjustment (Kiel and McC%8i5a).
Finally, if after adjushent is complete the facility is regardedhasmlessprices will rebound
and the total change in social welfare will be zgtiel and McClain, 1995a)nterestingly, even
if evidence reveals that the wind farm has no impact, research has revealedidhask
perceptions may persist because of the way new information is interpreted. New information
which is consistent with an individual's existing beliefs is accepted as reliable and accurate,
while conflicting information is labeled erroneous, umesentative, or propagartd#Kiel and
McClain, 1995a; Slovic, 1987). Thus, any downward pressure on prices, if any, could be quite
prolonged, especially if the majority of local residents are opposed to the wind farm prior to
wind farm approval.

8 Some people have stated that property values might initially diminish when a project that they would prefer not to

live next to (e.g., nuclear facility, incinerator) is proposed fasol | ed #Arumor & stage) because
likelihood of it beoming a reality is high so they immediately try to sell their home to get out of the area (which

could | ower the price the seller is willing to accept |
Mc Cl ai n state t ha tgnahkilopiobabilitytd adfecilityngbing @ihe aadgoswhich expect to
suffer a great deal from the arrival of the facility al

(19954, 244). At the time the Twin Groves wind farm wagially proposed (late November of 2001 was the

earliest landowner contact that the author is aware of), there existed zero wind farm projects in lllinois, thus the
likelihood that property values would be impacted during-asol | e d A r u moledauspthesespectaiion s | |
that the wind farm would actually be built was likely low because there were not any wind farms in the state of
lllinois. Accordingly, this study seeks to identify whether there has been any impact on property values after the
wind farm project was approved and during construction, as well as during the operational phase of the wind farm
project when property owners living close to the wind turbines will actually have had a chance to see if any of their
concerns materialize.

%9 Stage (3) starts when TG Il achieved commercial operations.

9 For example, the author received a letter in the mail about wind farms and it contained testimony from a local
resident regarding impacts on an autistic child. The author later found out thatitineny was written by the same
person who filed a lawsuit against the wind farm developer before the wind farm was even constructed (see the
reference to the article ibhe Pantagraph Thus, it appears that the initial perceptions of wind farm impaets ha

lasted through the operational stdgecertain residents

Source:Miller, S., 2006. Lawyer: Wind farm presents hazafidse PantagraphMoney Section: C1. May 23, 2006.
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3. DISTANCE T NEAR TWIN GROVES| AND I

Distance from the home to the nearest turbine was determined by spatially joining the
wind turbines to the properties that saking Geographic Information Systems (GIS) softWare
Thus, each property received the distancasueed from the nearest turbine to the property. The
wind turbine locations were obtained frivitGIS (2010)andHorizon Wind Energy (2010A
local real estate agent with over 23 years of experience was consulted regarding the local real
estate market. Thealtor was completely confident that there baen zero impact from the
wind farm on housing values at a distance greaterttiraemiles’®. The authorlso visited all
of the areas withithreemiles of the wind farmAlmost all of those homes thatre not located
within a small town haa crystal clear view of the wind farm towersttea u t hopiniah,she
wind farm tower s tareeimileldistanggbrenaap of fd asen mear G laand a
Il can be found irFig. 5. Each residential pperty included in the dataset is identified by the
wind farm stage in which the transactioecurred.

®'ESR E Ar c Ma(201D) véas tBe GIS software utilized in this study.

%2 A map of the study area with various distance buffers surrounding the wind farm was given to the realtor to
examine.The realtor hd beeninvolved in only a couple transactions withingarmiles of the wind turbines. While

the realtothad notnoticed a negative impact on the property values of those transactions égindtieeard of any

negative impact in the area, the author has more confidence in the opinion that there has defibizely ao

i mpact outside of three miles because of the realtoréos
%3 Only one property from the dataset sold at a distance between 2.5 and 3 miles of a wind turbine.
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