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Abstract

With wind energy expanding rapidly in the U.S. and abroad, and with an increasing number of
communities considering wind power development nearby, there is an urgent need to empirically
investigate common community concerns about wind project development. The concern that
property values will be adversely affected by wind energy facilities is commonly put forth by
stakeholders. Although this concern is not unreasonable, given property value impacts that have
been found near high voltage transmission lines and other electric generation facilities, the
impacts of wind energy facilities on residential property values had not previously been
investigated thoroughly. The present research collected data on almost 7,500 sales of single-
family homes situated within 10 miles of 24 existing wind facilities in nine different U.S. states.
The conclusions of the study are drawn from eight different hedonic pricing models, as well as
both repeat sales and sales volume models. The various analyses are strongly consistent in that
none of the models uncovers conclusive evidence of the existence of any widespread property
value impacts that might be present in communities surrounding wind energy facilities.
Specifically, neither the view of the wind facilities nor the distance of the home to those facilities
is found to have any consistent, measurable, and statistically significant effect on home sales
prices. Although the analysis cannot dismiss the possibility that individual homes or small
numbers of homes have been or could be negatively impacted, it finds that if these impacts do
exist, they are either too small and/or too infrequent to result in any widespread, statistically
observable impact.

ii



Table of Contents

LSt OF TADIES coevveereicieeceeete ettt ettt ettt sar e s e e e beesbeesst e st essseeseeasssssssnsnssnneseeenneennnenn vi
LISt Of FIGUIES ..ttt ettt sttt sttt e b sn e ese e e sbe s b e s b s b e s e s essessensensassensennen vii
ACKNOWIBAZEIMENLS ...ttt ettt et te st et e s e re e e e e e e se s ebe s ebasseseerenserenne viii
EXECULIVE SUIMIMALY ..c.uviitiiiiieeieceiecee et ste et eere e sreeee e e e ste s e essesbesssssbesaseseessosssontossesasensesnes ix
Lo IEEOUCTION ettt et s vt e e st e e e st e st s e et e eeneeeeameesseeessaenesaeeesenenessnnes 1
2. Previous RESEAICH ... ..covieeictece ettt ettt et s ebeesaeseat e s aesbe s st s snnene 4
2.1.  Hedonic Models and Environmental Disamenities.....cocuvvviverveivnieeiieeeeeeeeeerereeeeneeeen 4
2.2.  Impacts of Wind Projects on Property Values..........cccocevienrenienrerreniieiieneesneieseensseenens 6

3. DAtA OVEIVIEW weeiivvieiitiieciiiicireesitreeneeesests e stbtessbeesestsssssstssostssesstesssesenteeeaneeeanneeseneeesnneeeaseneeans 10
3.1, SHE SEIECTION uuvviiiiieire ettt et e e st e sesbe e sastsssase s teteaneeeenneeeennes 10
3.2, Data COMECHION vovvvriieie it ceriieiecctre e cetae e esttesessesssbeessbesesatssesesessstssaaeteeteeeaneeeennnean 13
3.2.1. TabUlar Data..........cocciiiiieiecece ettt er et rr e see 13
3.2.2. (€ 130 B 1 - H OO RS TOOUTTRURROPRRRPROO 15
3.2.3. FIEIA Data....ccccveeiiericcieieieccitc ittt er e s b s sassssbessestessabessrbesssesesseeenne 15
3.24. Field Data CollECtiON .c.vivvvviieeiieerieceeieceetee e ciressvte e eeveeateeeeeeesaeeeeeeeseseeeeeeeeesenens 18

3.3, Data SUMMATY ..ottt st st ettt e s entenbn 18

4. Base HedOniC MOEL......covviviiiiiriiiiieciiieie et esree st s et e st e e s e e eaneeeeaneeseesesaneasenenesereeens 23
3 R D T 1 7: 11 SO USSR PRSP U RR SRR 23
4.2, MOGEIFOIIM coiieitircciriiiteie ettt este s abesestt e s s ebeesatesesassssstaennene s teeeaneeesenes 24
4.3, Analysis Of RESUILS ...coeiruiiiecirieeieee ettt 28

5. Alternative HEdonic MOAELS ........cuiveeeiiiiiiiiiiiicirecreccneintc e etestesessesseessesessessnsssnesnnen 33
5.1.  View and Distance Stability Models..........ccccccuruirreereeerererieeeeeeeeecceeee v 33
5.1.1. Dataset and Model FOrmM ... uuuiiiieieiiiieieeceeeeeeeeete e es et s eeesetae s e enaens 34
512, Analysis Of RESUILS ...coueiiiiiriiriririinereetcete ettt sa e 35

5.2, Continuous Distance MOdel.........coooiiiiiiiiiiiiieeinrieiirie it eseie st eeeessenteeeseeeenaeens 36
5.2.1. Dataset and Model FOIM.....oooviiiiiiiiiiiiriecceeceeeneecnire e svessearessneesseeeeeeeeenenenn 36
5.2.2. ANalysis Of RESUILS ...cccevciiriiriiiiiticieeecccrees ettt eb e e sse e neereebeens 37

5.3, AN SAIES MOMEL..uvieeiceeeiiicceeeectecteeteet ettt ettt e e st st esbesest e et e saeenes 37
5.3.1. Dataset and Model FOrM........coivviiiiiiiiiciieenecetcce s ceeeeee st saeeeaee et e seesnes 38
5.3.2. ANAlySIS OF RESUILS ...ciiiiiiiiiieeiiiecie ettt ere e e sne s saeessssnens 39

5.4.  Temporal ASPects MOEL.........oo.coeviiiririninininicesesesestestet s eseneres e s ersenie 42
54.1. Dataset and Model FOrM.......cuviieviiiieiiiiiieieeceecerite e vree s s seae s s 42
542, Analysis Of RESUIS ..coooiviiuiiiiiiiiiicirctccctcnee ettt 44

5.5, Orientation MOAEL.........coouveiiiiiiiiiiiii ittt esre e st staesreeebesssesseesssesseesseennean 47
5.5.1. Dataset and Model FOIM....ouoii ittt s eeseee e s s senesseseneeean 47
552, AnalysisS Of RESUILS ....coviriiririiiieerieietetesenteie ettt ere st ae e sne s sae s ensenaes 49

5.6 OVErlap MOEl .....c..ooiiiiiiiiieiiiecie ettt e e saeere et b s r e e e b sanesaeens 50
5.6.1. Dataset and Model FOrM......ooiiiiviiiiiiiiiiecreeeeceree ettt ettt e s 51
5.6.2. AnalysisS Of RESUILS c..oouiiiiiiieieeceee et sn b aes 52

6.  Repeat Sales ANalYSiS......ccccecieiriineniiniiiicisecese ettt a e e saeen e seeenen 55
6.1. Repeat Sales Models and Environmental Disamenities Literature...............ccocevvenvenne. 55



(ST A D ¥ 7 1Y RS URRRURRRON 56

0.3, MOEI FOMMI ..ottt et bbbt e e be et sbeaessaasan 57
6.4. Analysis Of RESUIS ..ccueiiiiiiiiieceres ettt s saa b nan 59
7. Sales VOIUME ANALYSIS ...coirviriiiiiiiiirenestinieste e cieestesee e e ssee e eresreeaesbeeseesaesseensensenssenes 63
Tlo DALASEL.....eiiiiieiiinieenece ettt sttt e et s e s e b e s s e b be s e e saaeas 63
T2, MOAEI FOIM oottt s b e sbesba s bbbt e e e e sbasbaetens 65
7.3, Analysis Of RESUIS ..couemiiiee e e 66
8.  Wind Projects and Property Values: Summary of Key Results.........cocovevvivrvenvnnninicniennens 69
8.1, ArCa SHIZIMA .ottt ettt e e et b st eese e s ebasbesbesbesbe s enaessesens 69
8.2.  ScenicC Vista StIMA .....cciceirirreeereniiniiriitentnieestesie e sessesseessassessessessessessassessessesessersens 71
8.3, NUISANCE SHIZIMA ...oiviiiiiiiiieirertrererte ettt ettt st e s sa e e s st esesseasseseseanens 73
0. CONCIUSIONS ...ttt ettt ettt s st ettt et e s besbeese s e e saesaesaebassessasbastessansensansasaassasens 75
RETEIENCES ...ttt ettt sttt a ettt a e 76
Appendix A : Study Area DESCrPLIONS .......coevervirirririerirteteieeenese sttt seesese s s e s sressessenns 82
A.1 WAOR Study Area: Benton and Walla Walla Counties (Washington), and Umatilla
COUNLY (OFEZOMN) c.ueiiriieiriierieeiiieerteerieeieestesteeetesae e seessaesssesstasasseessesssessseessasssessssesssessssessesssenn 84
A.2 TXHC Study Area: Howard County (TeXas)......cccecceeririeiieeiieenriecreenneceeereenveeeseeeseeeseesnns 87
A.3 OKCC Study Area: Custer County (OKIZhoma)......cccccvverviiiieninenniineeceereseeeesneeeenens 90
A4 TABV Study Area: Buena Vista County (IoWa) .......cccecuvveiininieniennnnneeeresieseneesseseennes 93
A5 ILLC Study Area: Lee County (IHIN0is).......cceeverurrenininnenieieieninieeneseseseseseessenesnenes 96
A.6 WIKCDC Study Area: Kewaunee and Door Counties (WiSCONSin) ........cccceevveeeeveeereeneens 99
A.7 PASC Study Area: Somerset County (Pennsylvania)..........ccoevivrevieninnnneeniennenienenennas 102
A.8 PAWC Study Area: Wayne County (Pennsylvania)..........cccecueevveeevenceeneseenieceeeeenenne 105
A9 NYMCOC Study Area: Madison and Oneida Counties (New York).....c..cccoeevevvenennnnne 108
A.10 NYMC Study Area: Madison County (New YOrk) ......ccceeivevimreieeeeneeceeereeevecereenenn 111
Appendix B : Methodology for Calculating Distances with GIS .........cccoccovvenvvneinicrnvernennns 114
Appendix C : Field Data Collection INStruUment ..........c.ccecervererereneneniineneniniesnessesessesereneens 117
Appendix D : Vista Ratings With Photos ........ccccccevieniiriinieiiiceceeeceee et 120
Appendix E : View Ratings With Photos ........cccoecvivirinnnininiinenesese ettt 122
Appendix F : Selecting the Primary (“Base™) Hedonic Model........cccccccoininininnnienieninnnennenne. 124
F.1 Discussion of Fully Unrestricted Model FOrm.........cccocuvveeviirieinnneneececieneeceeseeseeeeenne 124
F.2 Analysis of Alterative Model FOMS ......cccoceviiriininnieniiniecnenrrrieeeseestee e saeeaenas 127
F.3 Selecting @ Base MOEl ......c.oceueiriirinirccinineninenteceesiestecsiet et eae st e ssesessessssaseesasaens 131
Appendix G : OLS Assumptions, and Tests for the Base Model ..........ccccoevvecivieverecrnienennenne. 132
Appendix H : Alternative Models: Full Hedonic Regression Results..........c.ccocvevievverievnennenne. 139



List of Tables

Table 1: Summary of Existing Literature on Impacts of Wind Projects on Property Values......... 9
Table 2: Summary of StUdY ATEaS.......coevreririreireccretre ettt sve st seens 12
Table 3: Definition of VIEW Categories .......ccceeureererirentririeinienieesestsesiesseessessesnssessesessssessssens 16
Table 4: Definition of VISTA Categories.......ccccvviirieciceicieiiiinireeseeesresesessesessessessessesseseessesens 17
Table 5: Summary of Transactions across Study Areas and Development Periods..................... 19
Table 6: Summary Statistics: All Sales and Post-Construction Sales.........cc.ccocueveevrriervnienenrennns 21
Table 7: Summary of Variables of Interest: All Sales and Post-Construction Sales.................... 22
Table 8: List of Variables of Interest Included in the Base Model...........cceververvirvnvencnienenennens 25
Table 9: List of Home and Site Characteristics Included in the Base Model...........ccccocunrnuenens 27
Table 10: Results from the Base Model..........cccoevirevnicninieiccnictnenictnesresreese e se e 32
Table 11: Frequency Crosstab of VIEW and DISTANCE Parameters ...........cocceveevereeernerennnnnns 35
Table 12: Results from Distance and View Stability Models..........c.coeviiveieiceninneceneeeenee 35
Table 13: Results from Continuous Distance Model..........ccocueeuiciiiiniiniesienenicinincneneeveeenenens 37
Table 14: Frequency Summary for DISTANCE in All Sales Model ..........ccccooevevvevrevvevencrennnnne. 39
Table 15: Results from All Sales Model..........cccevirvirieriinnnininininnncrenesee s e e 41
Table 16: Results from Equality Test of VIEW Coefficients in the All Sales Model.................. 41
Table 17: Results from Equality Test of DISTANCE Coefficients in the All Sales Model......... 42
Table 18: Frequency Crosstab of DISTANCE and PERIOD ..........cocevveviiiniinirnreeienieeecrecieennne 44
Table 19: Results from Temporal Aspects Model .........cocoeinriniiinenncenennnnereeseee e eseseaas 45
Table 20: Results from Equality Test of Temporal Aspects Model Coefficients......................... 47
Table 21: Frequency Crosstab of VIEW and ORIENTATION.......c.ccecveieiivenrenrenennenenreceeenes 49
Table 22: Percentage Crosstab of VIEW and ORIENTATION ........ccccccvvvieveererieeeneeereeeeenenns 49
Table 23: Results from Orientation Model ..........ccccocrinieniecinininininenesesreeereie e 50
Table 24: Definition of OVERLAP Categories ........ccceveevrererieieerieneeieeeeesteeeeseeseesaessesssesnessens 51
Table 25: Frequency Crosstab of OVERLAP and VIEW ......cc.cccoooninininenenenencrenencsreeeenns 52
Table 26: Results from Overlap Model ..........cccoiiiinncccrtretccss s 54
Table 27: List of Variables Included in the Repeat Sales Model ..........c.cccocvvniinininiciiciecncenene. 57
Table 28: Results from Repeat Sales Model........ocovvirecinininininicicinenseeeeeeese e 60
Table 29: Sales Volumes by PERIOD and DISTANCE ..ot 64
Table 30: Equality Test of Sales Volumes between PERIODS..........c.ccccoovinienneeninnnnencencenenennns 67
Table 31: Equality Test of Volumes between DISTANCES using 3-5 Mile Reference.............. 67
Table 32: Equality Test of Sales Volumes between DISTANCES using 1-3 Mile Reference..... 67
Table 33: Impact of Wind Projects on Property Values: Summary of Key Results..................... 69
Table A - 1: Summary of Study Ar€as.......c.cevevuivieiririeneerireriee ettt essesessa s see e s eesens 83
Table A - 2: Summarized Results of Restricted and Unrestricted Model Forms ...........ccoucu.... 128
Table A - 3: Summary of VOI Standard Errors for Restricted and Unrestricted Models .......... 130
Table A - 4: Summary of VOI Coefficients for Restricted and Unrestricted Models................ 130
Table A - 5: Summary of Significant VOI Above and Below Zero in Unrestricted Models..... 131
Table A - 6: Full Results for the Distance Stability Model .........ccoceevievieveninnieniiiiceeceeeeeee, 139
Table A - 7: Full Results for the View Stability Model........cccocveveiiivineiieeeeeeeee, 140
Table A - 8: Full Results for the Continuous Distance Model ..........ccccvvininivienininnienncenennenn, 141
Table A - 9: Full Results for the All Sales Model .........ccoevvevirvnirriininininsceeeseeeeeee 142
Table A - 10: Full Results for the Temporal Aspects Model.........cocovvververvinvenvincencniinecieniennens 143
Table A - 11: Full Results for the Orientation Model.........c.cccooviiviniininiininninicrenececeene 145
Table A - 12: Full Results for the Overlap Model ..........cccooiiviniininiiinieicciecnisreecceeeee e, 146

vi



List of Figures

Figure 1: Map of Study Areas and Potential Study Areas.......c..cccoeceeenievenerenenieienieneesrennseennns 12
Figure 2: Frequency of VISTA Ratings for All and Post-Construction Transactions.................. 20
Figure 3: Frequency of DISTANCE Ratings for Post-Construction Transactions....................... 20
Figure 4: Frequency of VIEW Ratings for Post-Construction Transactions...........c.ceeceeeeereevenns 21
Figure 5: Results from the Base Model for VISTA ........ccoooviieiievenecreceerene et eveenens 29
Figure 6: Results from the Base Model for VIEW .......cccccovviiiirinievneiinecenerceceeeeeeee e 30
Figure 7: Results from the Base Model for DISTANCE ..........cccooviriinrinentriinereeneneneseeanaenens 31
Figure 8: Results from the Temporal Aspects Model.........ccocuveiiiiciecincinciiniiienesrereseeneeceereeneenens 46
Figure 9: Repeat Sales Model Results for VIEW .....cc.ccoiiririiiiniinineniecnicreneeecenensseseesessesaneens 61
Figure 10: Repeat Sales Model Results for DISTANCE.........ccccccvvieriiineeenineeneeenssieennenes 61
Figure 11: Sales Volumes by PERIOD and DISTANCE ........cccoiiiiineninenirecccenenenrensensenes 65
Figure A - 1: Map of StUAY ATEAS ....cceviriririieieteieieireeesre e ressesb e essessenessesbeerestssssnsssenses 83
Figure A - 2: Map of WAOR Study Ar€a.......cccccvemvieinresinienieinreesreieeseessessssssesse e essssessesesens 84
Figure A - 3: Map of TXHC Study Ar€a........ccccocvuivrerierenrerinrerrniseesersesseeseesessessssessessssessssensns 87
Figure A - 4: Map of OKCC StUAY AT€a......cccveeueeeeieeeieiieeietieteeeteeeesteeseesseeseesssenteeseessesseensesses 90
Figure A - 5: Map of JABYV StuUdY A& ........ccveciiiiiviniecieieiceceeeeesisreee e e sre e neseesseneeseeneenes 93
Figure A - 6: Map of ILLC Study Ar€a.......ccecereiieeniiiiinienienienrenrentessensensensensessesseesesseesssssssessenns 96
Figure A - 7: Map of WIKCDC Study ATea.......c.cccovuvvircerrirenininenesiteeesiesiesiesseseeessesresssssens 99
Figure A - 8: Map of PASC Study Area.......ccccveviiivinienineiicieseiesiesiestessessesiessessessessessessesessens 102
Figure A - 9: Map of PAWC Study AT€a .....ccccoeirririierininierinennneseesenreeseesessessesessessssssessssens 105
Figure A - 10: Map of NYMCOC Study Ar€a .......coeerviverrerveerreereeeesresessesseessessessssssssessesens 108
Figure A - 11: Map of NYMC Study Ar€a........ccverevveriemrreerirrereiseseeesisseesseessessessssessssessens 111
Figure A - 12: Field Data Collection INStrument ............ccceveeuenuenienienieieneenseneenesresresesensessennes 117
Figure A - 13: Field Data Collection Instrument - Instructions - Page 1........ccccooeveeverrenrevrennenen. 118
Figure A - 14: Field Data Collection Instrument - Instructions - Page 2.......ccccceeeeerievenrecnennns 119
Figure A - 15: Histogram of Standardized Residuals for Base Model .........ccccceeeeerrenenrennnnnnne 133
Figure A - 16: Histogram of Mahalanobis Distance Statistics for Base Model..............c.c........ 133
Figure A - 17: Histogram of Standardized Residuals for All Sales Model ............ccceovevevernennene 134
Figure A - 18: Histogram of Mahalanobis Distance Statistics for All Sales Model................... 134

vii



Acknowledgements

The work described in this report was funded by the Office of Energy Efficiency and Renewable
Energy (Wind & Hydropower Technologies Program) of the U.S. Department of Energy under
Contract No. DE-AC02-05CH11231. The authors would particularly like to thank Megan
McCluer, Patrick Gilman, Jim Ahlgrimm, Michele Desautels, and Steve Lindenberg, all of the
U.S. Department of Energy, for their long-term support of this work. For reviewing drafts of this
report and/or for providing comments that helped shape the early thinking on this project, the
authors thank Mark Bolinger, Galen Barbose, and Larry Dale (Berkeley Lab), Alejandro Moreno
(US DOE), Larry Flowers and Eric Lantz (NREL), Peter Dent and Sally Sims (Oxford Brookes
University), Sandy Bond (Curtin Business School), Randy Winter, Dave Loomis, and Jennifer
Hinman (Illinois State University), Thomas Priestley (CH2M Hill), Barton DeLacy (Cushman &
Wakefield), Dave Maturen (Maturen Appraisal), Mike McCann (McCann Appraisal), Tom
Hewson (Energy Ventures Analysis), Kimberly Centera (AES), Jeff Peterson (NYSERDA),
Charles Kubert (Clean Energy Group), Lisa Linowes (Industrial Wind Action), Chris Taylor
(Element Power), Sam Enfield (MAP Royalty, Inc.), and Laurie Jodziewicz (AWEA). Of course,
any remaining omissions or inaccuracies are those of the authors.

viii



Executive Summary

Overview

Wind power development in the United States has expanded dramatically in recent years. If that
growth is to continue it will require an ever-increasing number of wind power projects to be sited,
permitted, and constructed. Most permitting processes in the U.S. require some form of
environmental impact assessment as well as public involvement in the siting process. Though
public opinion surveys generally show that acceptance towards wind energy is high, a variety of
concerns with wind power development are often expressed on the local level during the siting
and permitting process. One such concern is the potential impact of wind energy projects on the
property values of nearby residences.

Concerns about the possible impact of wind power facilities on residential property values can
take many forms, but can be divided into the following non-mutually exclusive categories:

e Area Stigma: A concern that the general area surrounding a wind energy facility will appear
more developed, which may adversely affect home values in the local community regardless
of whether any individual home has a view of the wind turbines.

e Scenic Vista Stigma: A concern that a home may be devalued because of the view of a wind
energy facility, and the potential impact of that view on an otherwise scenic vista.

e Nuisance Stigma: A concern that factors that may occur in close proximity to wind turbines,
such as sound and shadow flicker, will have a unique adverse influence on home values.

Although concerns about the possible impact of wind energy facilities on the property values of
nearby homes are reasonably well established, the available literature' that has sought to quantify
the impacts of wind projects on residential property values has a number of shortcomings:

1) Many studies have relied on surveys of homeowners or real estate professionals, rather than
trying to quantify real price impacts based on market data;

2) Most studies have relied on simple statistical techniques that have limitations and that can be
dramatically influenced by small numbers of sales transactions or survey respondents;

3) Most studies have used small datasets that are concentrated in only one wind project study
area, making it difficult to reliably identify impacts that might apply in a variety of areas;

4) Many studies have not reported measurements of the statistical significance of their results,
making it difficult to determine if those results are meaningful;

5) Many studies have concentrated on an investigation of the existence of Area Stigma, and
have ignored Scenic Vista and/or Nuisance Stigmas;

6) Only a few studies included field visits to homes to determine wind turbine visibility and
collect other important information about the home (e.g., the quality of the scenic vista); and

7) Only two studies have been published in peer-reviewed academic journals.

! This literature is briefly reviewed in Section 2 of the full report, and includes: Jordal-Jorgensen (1996); Jerabek
(2001); Grover (2002); Jerabek (2002); Sterzinger et al. (2003); Beck (2004); Haughton et al. (2004); Khatri (2004);
DeLacy (2005); Poletti (2005); Goldman (2006); Hoen (2006); Firestone et al. (2007); Poletti (2007); Sims and Dent
(2007); Bond (2008); McCann (2008); Sims et al. (2008); and Kielisch (2009).
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This report builds on the previous literature that has investigated the potential impact of wind
projects on residential property values by using a hedonic pricing model and by avoiding many

of the shortcomings enumerated above.
The hedonic pricing model is one of the
most prominent and reliable methods for
identifying the marginal impacts of
different housing and community
characteristics on residential property
values (see side bar). This approach dates
to the seminal work of Rosen (1974) and
Freeman (1979), and much of the
available literature that has investigated
the impacts of potential disamenities on
property values has relied on this method.?

To seed the hedonic model with
appropriate market data, this analysis
collects information on a large quantity of
residential home sales (i.e., transactions)
(n=17,459) from ten communities
surrounding 24 existing wind power
facilities spread across multiple parts of
the U.S. (e.g., nine states). Homes
included in this sample are located from
800 ft to over five miles from the nearest
wind energy facility, and were sold at any
point from before wind facility
announcement to over four years after the
construction of the nearby wind project.
Each of the homes that sold was visited to
determine the degree to which the wind
facility was likely to have been visible at
the time of sale and to collect other
essential data.

To assess the potential impacts of all three
of the property value stigmas described
earlier, a base hedonic model is applied as
well as seven alternative hedonic models
each designed to investigate the reliability

What Is a Hedonic Pricing Model?

Hedonic pricing models are frequently used by
economists and real estate professionals to assess
the impacts of house and community
characteristics on  property values by
investigating the sales prices of homes. A house
can be thought of as a bundle of characteristics
(e.g., number of square feet, number of
bathrooms). When a price is agreed upon by a
buyer and seller there is an implicit
understanding that those characteristics have
value. When data from a large number of
residential transactions are available, the
individual marginal contribution to the sales
price of each characteristic for an average home
can be estimated with a hedonic regression
model. Such a model can statistically estimate,
for example, how much an additional bathroom
adds to the sale price of an average home. A
particularly useful application of the hedonic
model is to value non-market goods — goods that
do not have transparent and observable market
prices. For this reason, the hedonic model is
often used to derive value estimates of amenities
such as wetlands or lake views, and disamenities
such as proximity to and/or views of high-
voltage transmission lines, roads, cell phone
towers, and landfills. It should be emphasized
that the hedonic model is not typically designed
to appraise properties (i.e., to establish an
estimate of the market value of a home at a
specified point in time), as would be done with
an automated valuation model. Instead, the
typical goal of a hedonic model is to estimate the
marginal contribution of individual house or
community characteristics to sales prices.

of the results and to explore other aspects of the data (see Table ES - 1 below). In addition, a
repeat sales model is analyzed, and an investigation of possible impacts on sales volumes is

* Many of these studies are summarized in the following reviews: Kroll and Priestley (1992); McCann (1999);
Bateman et al. (2001); Boyle and Kiel (2001); Jackson (2001); Simons and Saginor (2006); and Leonard et al.
(2008). For further discussion of the hedonic model and its application to the quantification of environmental

stigmas see Jackson (2005) and Simons (2006a).




conducted. Though some limitations to the analysis approach and available data are
acknowledged, the resulting product is the most comprehensive and data-rich analysis to date in
the U.S. or abroad on the impacts of wind projects on nearby property values.

Analysis Findings

Table ES - 1 describes the ten resulting statistical models that are employed to investigate the
effects of wind facilities on residential sales prices, and the specific stigmas that those models
investigate. Though all models test some combination of the three possible stigmas, they do so
in different ways. For instance, the Base Model asks the question, “All else being equal, do
homes near wind facilities sell for prices different than for homes located farther away?”, while
the All Sales Model asks, “All else being equal, do homes near wind facilities that sell after the
construction of the wind facility sell for prices different from similar homes that sold before the
announcement and construction of the facility?” Each model is therefore designed to not only
test for the reliability of the overall results, but also to explore the myriad of potential effects
from a variety of perspectives. Table ES-2 summarizes the results from these models.

Table ES - 1: Description of Statistical Models
Statistical Model Description

Using only "post-construction” transactions (those that occurred after the wind facility was
built), this model investigates all three stigmas in a straightforward manner

Base Hedonic Model

Alternative Hedonic Models

Using only post-construction transactions, this model investigates whether the Scenic Vista
View Stability Stigma results from the Base Model are independent of the Nuisance and Area Stigma
results

Using only post-construction transactions, this model investigates whether the Nuisance
Distance Stability and Area Stigma results from the Base Model are independent of the Scenic Vista Stigma
results

Using only post-construction transactions, this model investigates Area and Nuisance
Continuous Distance Stigmas by applying a continuous distance parameter as opposed to the categorical
variables for distance used in the previous models

Using all transactions, this model investigates whether the results for the three stigmas
All Sales change if transactions that occurred before the announcement and construction of the wind
facility are included in the sample

Using all transactions, this model further investigates Area and Nuisance Stigmas and how
Temporal Aspects they change for homes that sold more than two years pre-announcement through the period
more than four years post-construction

Using only post-construction transactions, this model investigates the degree to which a

Orientation f . . ) . .

home’s orientation to the view of wind turbines affects sales prices

Using only post-construction transactions, this model investigates the degree to which the
Overlap overlap between the view of a wind facility and a home’s primary scenic vista affects sales

prices

Using paired transactions of homes that sold once pre-announcement and again post-
construction, this model investigates the three stigmas, using as a reference transactions of
homes located outside of five miles of the nearest wind turbine and that have no view of the
turbines

Repeat Sales Model

Using both pre-announcement and post-construction transactions, this model investigates
Sales Volume Model whether the rate of home sales (not the price of those sales) is affected by the presence of
nearby wind facilities




Table ES-2: Impact of Wind Projects on Property Values: Summary of Key Results

Is there statistical evidence of:
Area Scenic Vista Nuisance Section

Statistical Model Stigma? Stigma? Stigma? Reference
[Base Model No No No Section 4

View Stability Not tested No Not tested Section 5.1
Distance Stability No Not tested No Section 5.1
Continuous Distance No No No Section 5.2

All Sales No No Limited Section 5.3
Temporal Aspects No No No Section 5.4
Orientation No No No Section 5.5
Overlap No Limited No Section 5.6
[Repeat Sales [ No | Limited | No |Section 6 |
[Sales Volume | No | Not tested | No [Section 7 |
"NO" .o et e e No statistical evidence of a negative impact

"Yes" ..ot e Strong statistical evidence of a negative impact

"Limited"................ Limited and inconsistent statistical evidence of a negative impact

"Not tested"... ... ...... This model did not test for this stigma

Base Model Results

The Base Model serves as the primary model and allows all three stigmas to be explored. In sum,
this model finds no persuasive evidence of any of the three potential stigmas: neither the view of
the wind facilities nor the distance of the home to those facilities is found to have any consistent,
measurable, and statistically significant effect on home sales prices.

e Area Stigma: To investigate Area Stigma, the model tests whether the sales prices of homes
situated anywhere outside of one mile and inside of five miles of the nearest wind facility are
measurably different from the sales price of those homes located outside of five miles. No

statistically significant differences in sales prices between these homes are found (see Figure
ES-1).

e Scenic Vista Stigma: For Scenic Vista Stigma, the model is first used to investigate whether
the sales prices of homes with varying scenic vistas - absent the presence of the wind facility
- are measurably different. The model results show dramatic and statistically significant
differences in this instance (see Figure ES-2); not surprisingly, home buyers and sellers
consider the scenic vista of a home when establishing the appropriate sales price.
Nonetheless, when the model tests for whether homes with minor, moderate, substantial, or
extreme views of wind turbines have measurably different sales prices, no statistically
significant differences are apparent (see Figure ES-3).

e Nuisance Stigma: Finally, for Nuisance Stigma, the model is used to test whether the sales
prices of homes situated inside of one mile of the nearest wind energy facility are measurably
different from those homes located outside of five miles. Although sample size is somewhat
limited in this case,’ the mode! again finds no persuasive statistical evidence that wind

? 125 homes were located inside of one mile of the nearest wind facility and sold post-construction.
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facilities measurably and broadly impact residential sales prices (see Figure ES-1 and later
results).

Figure ES-1: Base Model Results: Area and Nuisance Stigma
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The reference category consists of fransactions for homes situated more than five miles from the nearest
turbine, and that occured after construction began on the wind facility

Figure ES-2: Base Model Results: Scenic Vista
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The reference category consists of transactions for homes with an Average Vista, and that occured
afler construction began on the wind facility
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Figure ES-3: Base Model Results: Scenic Vista Stigma
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The reference category consists of transactions for homes without a view of the turbines,
and that occured after construction began on the wind facility

The seven alternative hedonic models and the additional analysis contained in the Repeat Sales
and Sales Volume Models (see Table ES-2) provide a fuller picture of the three stigmas and the
robustness of the Base Model results.

Area Stigma: Other Model Results

Concentrating first on Area Stigma, the results from all of the models are similar: there is no
statistical evidence of a widespread Area Stigma among the homes in this sample. Homes in the
study areas analyzed here do not appear to be measurably stigmatized by the arrival of a wind
facility, regardless of when those homes sold in the wind project development process and
regardless of whether the homes are located one mile or five miles away from the nearest facility.

In the All Sales Model, for example, after adjusting for inflation,* homes that sold after wind
facility construction and that had no view of the turbines are found to have transacted for higher
prices - not lower - than those homes that sold prior to wind facility construction. Moreover, in
the Temporal Aspects Model, homes that sold more than two years prior to the announcement of
the wind facility and that were located more than five miles from where the turbines were
eventually located are found to have transacted for lower prices - not higher - than homes
situated closer to the turbines and that sold at any time after the announcement and construction
of the wind facility (see Figure ES - 4). Further, in the Repeat Sales Model, homes located near
the wind facilities that transacted more than once were found to have appreciated between those
sales by an amount that was no different from that experienced by homes located in an area

* All sales prices in all models are adjusted for inflation, but because this model (and the Temporal Aspects Model)
deals with time explicitly, it is mentioned specifically here.
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many miles away from the wind facilities. Finally, as shown in Table ES-2, none of the other
models identified evidence of a broadly negative and statistically significant Area Stigma.

Scenic Vista Stigma: Other Model Results

With respect to Scenic Vista Stigma, the seven alternative hedonic models and the additional
analysis contained in the Repeat Sales Model find little consistent evidence of a broadly negative
and statistically significant impact. Although there are 730 residential transactions in the sample
that involve homes that had views of a wind facility at the time of sale, 160 of which had
relatively significant views (i.e., a rating higher than Minor), none of the various models finds
strong statistical evidence that the view of a nearby wind facility impacts sales prices in a
significant and consistent manner.

When concentrating only on the view of the wind facilities from a home (and not testing for Area
and Nuisance Stigmas simultaneously), for example, the results from the View Stability Model
are very similar to those derived from the Base Model, with no evidence of a Scenic Vista
Stigma. Similarly, the All Sales Model finds that homes that sold after wind facility construction
and that had a view of the facility transacted for prices that are statistically indistinguishable
from those homes that sold at any time prior to wind facility construction. The Orientation
Model, meanwhile, fails to detect any difference between the sales prices of homes that had
either a front, back, or side orientation to the view of the wind facility. As shown in Table ES-2,
the Continuous Distance and Temporal Aspects models also do not uncover any evidence of a
broadly negative and statistically significant Scenic Vista Stigma.

In the Repeat Sales Model, some limited evidence is found that a Scenic Vista Stigma may exist,
but those effects are weak, fairly small, somewhat counter-intuitive, and are at odds with the
results of other models. This finding is likely driven by the small number of sales pairs that are
located within one mile of the wind turbines and that experience a dramatic view of those
turbines. Finally, in the Overlap Model, where the degree to which a view of the wind facility
overlaps the primary scenic vista from the home is accounted for, no statistically significant
differences in sales prices are detected between homes with somewhat or strongly overlapping
views when compared to those homes with wind turbine views that did not overlap the primary
scenic vista. Though this model produces some weak evidence of a Scenic Vista Stigma among
homes with Minor views of wind facilities, the same model finds that the sales prices of those
homes with views that barely overlap the primary scenic vista are positively impacted by the
presence of the wind facility. When these two results are combined, the overall impact is
negligible, again demonstrating no persuasive evidence of a Scenic Vista Stigma.

Nuisance Stigma: Other Model Results

Results for Nuisance Stigma from the seven alternative hedonic models and the additional
analysis contained in the Repeat Sales and Sales Volume Models support the Base Model results.
Taken together, these models present a consistent set of results: homes in this sample that are
within a mile of the nearest wind facility, where various nuisance effects have been posited, have
not been broadly and measurably affected by the presence of those wind facilities. These results
imply that Nuisance Stigma effects are either not present in this sample, or are too small and/or
infrequent to be statistically distinguished.
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In the Distance Stability Model, for example, when concentrating only on the distance from
homes to the nearest wind turbine (and not testing for Scenic Vista Stigma simultaneously), the
results are very similar to those derived from the Base Model, with no statistical evidence of a
Nuisance Stigma. These results are corroborated by the Continuous Distance, Orientation,
Overlap, and Repeat Sales Models, none of which find a statistically significant relationship
between distance and either sales prices or appreciation rates. Relatedly, the Sales Volume
analysis finds no evidence that homes located within one mile of the nearest wind turbine are
sold any more or less frequently than homes located farther away from the wind facilities.

In the All Sales Model, a weakly significant difference is found between the sales prices of
homes located between 3000 feet and one mile of the nearest wind facility and the homes that
sold before the announcement of the wind facility. This effect, however, is largely explained by
the results of the Temporal Aspects Model, shown in Figure ES - 4. The Temporal Aspects
Model finds that homes located within one mile of where the wind turbines would eventually be
located sold for depressed prices well before the wind facility was even announced or
constructed. In all time periods following the commencement of wind facility construction,
however, inflation-adjusted sales prices increased - not decreased - relative to pre-announcement
levels, demonstrating no statistical evidence of a Nuisance Stigma. The results from the All
Sales Model (and, for that matter, the negative, albeit statistically insignificant coefficients inside
of one mile in the Base Model, see Figure ES-1) are therefore an indication of sales price levels
that preceded wind facility announcement construction, and that are not sustained after
construction.

Figure ES - 4: Temporal Aspects Model Results: Area and Nuisance Stigma
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The reference category consists of transactions of homes sifuated more than five miles from where the nearest
turbine would eventually be located and that occuired more than two years before announcement of the facility
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Conclusions and Further Research Needs

Though each of the analysis techniques used in this report has strengths and weaknesses, the
results as a whole are strongly consistent in that none of the models uncovers conclusive
evidence of the presence of any of the three property value stigmas that might be present in
communities surrounding wind power facilities. Therefore, based on the data sample and
analysis presented here, no evidence is found that home prices surrounding wind facilities are
consistently, measurably, and significantly affected by either the view of wind facilities or the
distance of the home to those facilities. Although the analysis cannot dismiss the possibility that
individual homes or small numbers of homes have been or could be negatively impacted, it finds
that if these impacts do exist, they are either too small and/or too infrequent to result in any
widespread, statistically observable impact. Moreover, to the degree that homes and wind
facilities in this sample are similar to homes and facilities in other areas of the United States, the
results presented here are expected to be transferable to other areas.

This work builds on the existing literature in a number of respects, but there remain a number of
areas for further research. The primary goal of subsequent research should be to concentrate on
those homes located closest to wind facilities, where the data sample herein was the most limited.
Additional research of the nature reported in this paper could be pursued, but with a greater
number of transactions, especially for homes particularly close to wind facilities. A more
detailed analysis of sales volume impacts may also be fruitful, as would an assessment of the
potential impact of wind facilities on the length of time homes are on the market in advance of an
eventual sale. Finally, it would be useful to conduct a survey of those homeowners living close
to existing wind facilities, and especially those residents who have bought and sold homes in
proximity to wind facilities after facility construction, to assess their opinions on the impacts of
wind project development on their home purchase and sales decisions.
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Conclusions
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Homes in the study areas analyzed do not appear to
be measurably stigmatized by the arrival of a wind facility

* Area Stigma

None of the various models finds strong

« Scenic Vista Stigma

statistical evidence that the view of a nearby wind facility impacts

sales prices in a significant and consistent manner

Homes in the sample that are within a mile of
the nearest wind facility, where various nuisance effects have been

posited, have not been broadly and measurably affected by the

presence of those wind facilities

* Nuisance Stigma
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