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Why Study Property Values?

House prices are sensitive to location and
the surrounding environment
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Why Study Property Values?

surveys cannot

Clarify appropriate compensation

Can be house specific or averaged
over many homes



Why Study Property Values?

For many communities that are considering
wind energy...

Protection of property values Is #1 Issue
Because the home is the

largest asset for most
residents
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Hedonic Pricing Model

(Also Known As A Multiple Linear Regression Model)

ﬂ"i Appraisal
Allfl. nstituter

An Introduction to
Statistics for Appraisers

by Marvin L. Wolverton, PhD, MAI

Well respected model used by practitioners
(appraisers, assessors, academics) for over
40 years.

Uses sale prices of homes as dependent
variables to examine environmental effects

Measures marginal price differences
between homes that differ by the variables of
interest while controlling for other variables

Many Controlling variables include square
feet, acres, bathrooms, age of the home, year
and season of sale, and neighborhood

Robustness tests allow assumptions to be
tested in a variety of ways to ensure results are
consistent

Estimates and Significance Levels (aka
margins of error) are important
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A Difference-In-Difference Model Can Be Used
To Control For Pre-Existing Price Differences

Wind Facility
Development Periods

Pre Announcement

Post-Announcement &
Pre-Construction

Post-Construction

Distances to Nearest Turbine

Moderate

Close to . Far Away
Distance

the From the

. From the .

Turbines . Turbines
Turbines

Reference

Cate gor

-

Interest
Category

(Operation)
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Three Major New US Studies Were Released In Late
2013 / Early 2014 Adding To 2009 Study

Recent Studies Investigating Property Value
Impacts of Surrounding Operating Turbines
In North America

Authors US Location
LBNL US Wide
LBNL US Wide
University of RI Rhode Island

U Conn/LBNL Massachusetts

Energy Markets and Policy Group ¢ Energy Analysis and Environmental Impacts Department

Post-Con
Sales
Date W/in 1 Mile
2009 ~ 125
2013 ~376
2013 ~412

2014 ~1,503




Four Studies = Four Distinct Research Efforts
But The Same Results

None of the studies
found statistically
significant effects

UConn/LBNL
MA

Study

reerrrrr
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U Conn/LBNL 2014 Study Results

We Compared Impacts Across Amenities and Disamenities

Landfills* -12.2%

Electricity Transmission Lines** -9.3%
Highways** -5.3%
Prisons* -2.0%

Major Roads** -2.0%

Open Space* 0.9%
B statistically Significant Effect Y —
. (¢ ]

Beachfront** 25.9%
Operating Turbines* 0.5%

. Statistically Insignificant Effect

-15% -10% -5% 0% 5% 10% 15% 20% 25%
Distance to MA Homes: * within 1/2 mile; ** within 500 feet

Despite the presence of effects for other environmental
characteristics, no effects were discovered for turbines
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After Construction Effects Within 0.8 Km
Fall Within A Narrow Range Across All Studies

3.00% - Note: None are Statistically Significant
2:00% %X MA Stud
X uay
c © @ 100% 3%2
< ’g c B RIStud
] 0.00% ( ; y
£ oo . Mean
o o = 100% s ¢ US2013 Effect
N — ¢ =
~ g S -2.00% ; 15 2008 Across All
32 g -3.00% Studies is
=
W~ O .1.00% 5 Mean Across | —1.6%0
5.00% _ All Studies
4
-6.00%
Note: Results from main and
robustness test models s
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These NA Results Contrast With
Four Recent EU Studies

Studies Investigating Property Value Impacts
of Surrounding Operating EU Turbines

Post-Con
Sales 1 km

Authors EU Location Date W/in 1 km Effect Size
Sunak & Madlener Germany 2013 ~ 40 -12% (with view)
Jensen et al. Denmark 2013 ~200 -10% (with view)
Gibbons UK 2013 ~3,000 -5.4% (with view)
Droes & Koster Netherlands 2014 ~3,0007 -2.3% (assumed

with view)
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Why Has Evidence Of Impacts Failed To
Emerge In The US But Has In The EU?

—
-
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Highway  Transmission Average Green
Lines Home Space
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Multiple Surveys Have Found High
Levels Of Support Near US Turbines

Support & Opposition Near Existing Turbines

100% B Supportive
I Nuetral / No
Opinion
75% B Opposed
50% I I
— . I

0%

NY (2014)
PA (2011)
TX(2010)
CN 2 (2013)
CN 1(2013)
MI (2014)
SWIS (2014)
DE (2014)
IN (2013)
MA (2014)
US (2013)
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Homeowner, Town, Schools And County
Benefits Can Be Significant In The US

 Knapp, 2009: $18 million/year for 112 MW wind
farm in NY for 20 years

« Loomis et al., 2011: Estimated effect of 100 MW
wind farm on annual school district budget of:
$450,000 to $600,000/year for the first 3 years!

« Loomis et al., 2012: Estimated the 23 largest wind
facilities in IL produce an economic benefit of $5.98
billion over the life of the wind projects or ~$9
million/year/100 MW

15 Energy Markets and Policy Group ¢ Energy Analysis and Environmental Impacts Department
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Buyers Could Be Sorting Themselves
Into Supporters And Objectors

A PURE THEORY OF LOCAL EXPENDITURES'

CHARLES M. TIEBOUT

Northwestern University

NE of the most important recent
O developments in the area of
“applied economic theory’ has
been the work of Musgrave and Samuel-
son in public finance theory.? The two
writers agree on what is probably the
major point under investigation, namely,
that no “market type” solution exists to
determine the level of expenditures on
public goods. Seemingly, we are faced
with the problem of having a rather
large portion of our national income
allocated in a “non-optimal” way when
compared with the private sector.

This discussion will show that the
Musgrave-Samuelson analysis, which is
valid for federal expenditures, need not
apply to local expenditures. The plan of
the discussion is first to restate the as-
sumptions made by Musgrave and
Samuelson and the central problems with
which they deal. After looking at a key
difference between the federal versus
local cases, 1 shall present a simple
model. This model yields a solution for
the level of expenditures for local public

! Tam grateful for the comments of my colleagues
Karl de Schweinitz, Robert Eisner, and Robert

Strotz, and those of Martin Bailey, of the University
of Chicago.

2 Richard A. Musgrave, “The Voluntary Ex-
change Theory of Public Economy,” Quarterly Jour-
nal of Economics, LII (February, 1939), 213-17; “A
Multiple Theory of the Budget,” paper read at the
Econometric Society annual meeting (December,
1955); and his forthcoming book, The Theory of
Public Economy; Paul A. Samuelson, “The Pure
Theory of Public Expenditures,” Review of Econom-
ics and Statistics, XXXVI, No. 4 (November, 1954),
387-89, and “Diagrammatic Exposition of a Pure
Theory of Public Expenditures,” ibid., XXXVII,
No. 4 (November, 1955), 350-56.

goods which reflects the preferences of
the population more adequately than
they can be reflected at the national
level. The assumptions of the model will
then be relaxed to see what implications
are involved. Finally, policy considera-
tions will be discussed.

THE THEORETICAL ISSUE

Samuelson has defined public goods as
“collective consumplion goods (X, -+ 1,

., X, + n) which all enjoy in com-
mon in the sense that each individual’s
consumption of such a good leads to no
subtraction from any other individual’s
consumption of that good, so that
X.+j=X,+j simultaneously for
each and every ith individual and each
collective good.””® While definitions are a
matter of choice, it is worth noting that
‘“consumption” has a much broader
meaning here than in the usual sense of
the term. Not only does it imply that the
act of consumption by one person does
not diminish the opportunities for con-
sumption by another but it also allows
this consumption to be in another form.
For example, while the residents of a new
government housing project are made
better off, benefits also accrue to other
residents of the community in the form
of the external economies of slum clear-
ance.* Thus 'many goods that appear to
lack the attributes of public goods may

34“The Pure Theory . ..,” op. cit., p. 387.

4 Samuelson allows for this when he states that
‘““one man’s circus may be another man’s poison,”
referring, of course, to public goods (“Diagrammatic -
Exposition . . . ,” ap. cit., p. 351).

416
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When consumers are
mobile, over time they
will sort themselves
such that those living
close to turbines are
more supportive of
turbines

Tiebout, 1956 .
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Development Often Occurs In Relatively
Rural Areas In The US (But Not Always)

Average Population Density Near: US Turbines 11 Pop/Mile?
Germany 509 Pop/Mile?
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Overall Conclusions

* Property values can be useful to gauge levels of
support/opposition and to determine impacts

o Statistically significant impacts have not
emerged near US turbines but have near EU’s
e Reasons for these differences might be:

— Significantly higher compensation for schools and
local economies in the US

— More sorting over time to more supportive
communities in the US

— Lower Population density in the US

— Larger samples of sales in EU allowing a
determination of smaller effects

3 Ny
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Thank You & Questions?

Ben Hoen
Lawrence Berkeley National Laboratory
845-758-1896
bhoen@lbl.gov

This work was supported by the Office of Energy Efficiency and
Renewable Energy (Wind and Water Power Technologies Office) of the
U.S. Department of Energy under Contract No. DE-AC02-05CH1123.
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US Wide Study #1: LBNL 2009

Wind Energy Facilities and Residential
Properties: The Effect of Proximity and
View on Sales Prices

Authors Ben Hoen, Ryan Wiser, Peter Cappers.
Mark Thayer. and Gautam Sethi

Abstract This paper received 3 manuscript prize award for the best
tesearch paper on Sustainable Real Estate (sponsored by the
NAIOP Research Foundation) presented at the 2010 ARES
Anmual Meeting.

Increasing mumbers of commmmities are considering wind power
developments. One concern within these commumities is that
proximate property values may be adversely affected. yet there
has been little research on the subject The present research
mvestigates roughly 7.500 sales of single-fanuly homes
surrounding 24 existing wind facilities in the United States.
Across four different hedonic models, and a variety of robustmess
tests, the results are consistent neither the view of the wind
facilities nor the distance of the home to those facilities is foumd
to have a statistically significant effect on sales prices. yet further
Tesearch is warranted.

Wind power development has expanded dramatically in recent years (WEC, 2010)
and that expansion is expected to continue (Global Wind Energy Council. 2008
Wiser and Hand. 2010). The U.S. Department of Energy, for example. published
a report that analyzed the feasibility of meeting 20% of electricity demand in the
United States with wind energy by 2030 (U.S. DOE, 2008).

Approximately 3,000 wind facilities would need to be sited, permifted. and
constructed to achieve a 20% wind electricity target in the U.S.! Although surveys
show that public acceptance is high in general for wind energy (e.g.. Firestone
and Kempton, 2006), a variety of local concerns exist that can impact the length
and outcome of the siting and permitting process. One such concern is related to
the views of and proximity to wind facilities and how these might impact
surrounding  property values. Surveys of local commmunities considering wind
facilities have frequently found that adverse impacts on aesthetics and property
values are in the top tier of concerns relative to other matters such as impacts on
wildlife habitat and mortality, radar and communications systems. ground

JRER | ¥ol. 33 Ne. 3 -2011
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@  LBNL Study Areas
° Wind Facilities > 0.6 MW Completed Before 2006

. :l Represented Stales
o Rosvo L3 o Source
epet o 125 250 500 Miles b Energy Velocity, LLC
Map Prepared By: LBNL aulig L 1 Lawrence Berkeley National Laboratory

Summary

» 7,489 sales w/in 16 km of 11 facilities
«125 post-construction sales within 1.6 km

* Rural settings with large (50+ turbines) wind
facilities

-
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US Wide Study #2: LBNL 2013

J Real Estate Finan Econ
DO 10, 1007511 146-01 404779

Spatial Hedonic Analysis of the Effects of US Wind
Energy Facilities on Surrounding Property Values

Ben Hoen - Jason P. Brown - Thomas Jackson -
Mark A, Thayer - Rvan Wiser - Peter Cappers

) Spvinger Science+ Busines Madia New York (ouside the USA) 2014

Abstract Rapid, large-scale U.S. deployment of wind mirbines is expected to continue
in the coming years. Because some of that deployment is expected to occur in relatively
populous areas, concerns have arisen about the impact of mrbines on nearby home
values. Previous research on the effects of wind turbines on surrounding home values
has been limited by small home-sale data samples and msufficient considemtion of
confounding home-valie factors and spatial dependence, This study examines the
larpest set of mrbine-proximal sales data to date: more than 50,000 home sales
inchiding 1,198 within 1 mile of a turbine (331 of which were within a half mile).
The data span the periods well before announcement of the wind facilities to well after
their construction. We use ondinary least squares and spatialpmocess difference-in-
difference hedonic models to estimate the home-value impacts of the wind facilities,
controlling for value factors existing prior to the wind facilities’ announcements, the

B. Hoen (30)
Lawrence Berkeley National Laboratory, ol 20 Sawmill Road, 12571 Milm, NY, USA
e-mail bhoeni@@lblgoy

I B Brown
Federal Reserve Bank of Kamas City, | Memorial Drive, 64198-0001 Kansas City, MO, USA
e-mail Jason Browni@he fiborg

T. Jackson

Texas A&M University and Real Property Analytics, Inc, 4805 Spearman Dirive, TTH45-4412 College
Station, TX, UISA

el facksonmays ta, odi

M. A, Thayer

San Diego Swate University, 5500 Campanile D, 9218224485 San Diego, CA, USA

e-mall; mithayenimail sdsuedu

F. Wiser

Lawrence Berkeley National Laboratony, | Cyelotron RoadhS S0R 4000, 94720- 8136 Berkeksy, CA,

UsA
e-mall RHWhen@bl gov

P Cappers

Lawrence Berkeley National Laboratory, clo 7847 Karakul Lae, 13066 Fayetieville, NY, USA
e-mail: PACappersimibloov

Published online: 15 July 20014 g.'ipxinrx

orth Dakota
Washington
2 L]

South Dakota

Oregon

<~

Hlinois

Nebraska

¢  Study Transactions

Study Area Counties

Colorado
Study Area States Kansas Missouri
Kentucky
N o &lshnma Tennessee / North Carolina
Arkansas
lew Megico
South Carolina
0 875 175 350 Miles Mississippi Asbara Georgia
A T T Texas

Source:

ESRI
Lawrence Berkeley Naticnal Laboratory
Corelogic

Florida

Summary

«51,276 total sales, 9 states, 67 facilities
«376 post-construction sales within 1 mile
* Rural settings, large (50+ turbines) facilities

\
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Rl Based Study: URI 2013

WIECOM B

MICHIC AN

Contents lists available at ScienceDirect z 3
Energy Economics £}
journal homepage: www.elsevier.comflocate/eneco 3
The windy citg: Property value impacts of wind turbines in an @..__m“_,_

urban setting™

Corey Lang * James |. Opaluch, George Sfinarolakis

Eeomnmicy, Ushersity of Rhade law, Lt ed Stes

ABSTRACT

This paper examines the impac of wind tur bines on house values in Rhode klend. in contrat to wind s
srronmded by sparse dewlopment, in Rhode ldand si ineshave been builtin relativelyhigh population
deme arers As a result, we olbserve 48,554 single-amily, owner-occupied transactions within five milss of 2
turbine st including 3254 within ane mile, which s far mare than mast related studies. We estimate hedanic
difference-in-diflerences modeks that allow for imspacts af wind turbines by proximity, viewshed, nd contrast
with surmounding develapment. Acnss 2 wide variety of spcifications, the results suggest that wind turbines
have no statistically significant negative impacts an houss prics, in either the past public anmouncement
phate ar pest amstruction phase. Further, the ower bound of statistically possible impacts i still autweighed
by the pmifive sxernaities generated from 00, miigaon

© 2014 Elsevier BV, All rights reserved.

1. Introd uction

Society is highly dependent on high polleting and

have been given for oppos ion towind turbines, anging from adverse ef-
fectson binds, bas and other wildlife, esthetic effacts by compromising

fossil fuels that constitste roughly 80% of our energy supplies There i
increasing recognition that we need to develop new low polluting
renewable energy sources, and wind power s among the most promis-
ing technologies As of December 2012, there are over 200000 wind

views and lly even health problems related to noise
and shadow flicker, and a general industrialization of the landscape.
One of the most common concems voiced by nearby residents is the
potential impact of wind Bwers on property values | Hoen et al. 2011).
Property values are an important issue inandoft hemselves, butalo

towers amund the waorkd with hined I pacity of nearty
300 GW, and wind energy s among the fstest Zrowin g energy sources
{ Global Wind Energy Council, 2013).
Public opinion polls find a strong

indicating support forwind power in general, with up to 90% of respon-
dents voicing support for wind energy (eg. Firestone and Kempton,
2007, Mulvaney et al. 2013). Despite the stated preference for wind
energyin the sbstract. proposed wind energy projects frequently meet
with fervent opposition by the local community. Numerous reasons

Weacknawiedge the firancidl suppast from Rhods kstnd s Dffice of Energy Resoumes
of Rhode land s Coasml
e Son {onmintion £3359). The wews
flect shose of OER or e Cozel Inssame. We Sank Pamick Waish ¢
eress, and seminar particpans ar 303 AERE summer confemnce for vaushle
ommens. Susan Gorelick an d Edson Oirweum provided excellent research ameance.

te, 1 Greenbouse R, Kingston,

b doioss 10 W06 £nacn TN 405010
O140.9E5YE T4 Exewier BV Al rightsremned.
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mflect ana L iy for the suite ofimpacts caused by
turbines. For example, if wind turbines created adverse effects due to
noise, visual disamenities or ofher nuisance effects, nearby property
values would likely reflect these effects. Further, hedonic valuarion
theory [reviewedin Section 2] suggests that property vahses should de-
crease enough such that homeowners are indifferent berween living
near a turbine or paying more tolive faraway. Importantly. thisdispar-
ity inhouse values can quantify the cost to nearby residents, which isar-
muably the sum of negative externalities | perhaps excluding wildlife
impacts). to be used in cost—benefit analysis of wind energy expansion.

This paper examines the effect of wind turbines on property vahses in
Khaode 1dand While khode 1dand i the smallest state in the LS. it is the
se@nd mast densely populated. Given this and the fct that 12 turbines
have been erected at 10sites in the past seven years, Rhode Idand offers
an excellent setting to examine homeowner preferences for wind rur-
binses becawse there are s many ohservations We consmist adata st
(detiled in Section 3) of 48554 singlefamily, owner-occupled transac-
tions within five miles of a furbine site over the time range January

de Istand aUzEAME N nEsRain

Residerisl
L = i LM @ Wind Tiwhin
1

Summary

*48,554 total sales, 10 facilities

*412 post-construction sales within 1 mile
* Mostly urban settings, small facilities

A
\
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MA Based Study: UConn/LBNL 2014

Relationship between Wind
Turbines and Residential Property

Values in Massachusetts Summary
TR B:i.%’.l‘;?ﬁ:ﬁ’%fi.‘i:ﬂ:ﬁ:tﬁ“; = 312,677 total sales, 26 facilities
T ——— m | i *1,503 post-construction sales w/in 1 mile
fibaee = ““'”b" «Urban settings, mostly small facilities
“’é"‘*’"""’“ ] *First study to test wind turbine and other
S R S T e environmental amenities/disamenities
together ,_;\
reerrer 11
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Detailled MA Based Study Results

We Compared Impacts Across Amenities and Disamenities

Landfills* -12.2%

Electricity Transmission Lines** -9.3%
Highways** -5.3%
Prisons* -2.0%

Major Roads** -2.0%

Open Space* 0.9%
B statistically Significant Effect Y —
. (¢ ]

Beachfront** 25.9%
Operating Turbines* 0.5%

. Statistically Insignificant Effect

-15% -10% -5% 0% 5% 10% 15% 20% 25%
Distance to MA Homes: * within 1/2 mile; ** within 500 feet

Despite the presence of effects for other environmental
characteristics, no effects were discovered for turbines

a— ,"\.
\
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Sunak & Madlener: Germany 2013

When Did The Sales Occur?

After Announcement

After Construction and

and Before Construction| Operation of Wind
Effect Tested of Wind Facility Facility
View of wind turbine not tested effects found (~ -12%)
Within a close distance (~0.8 km) of turbine not tested strong effects found (~ -28%)

Non-turbine landscape amenities

strong effects found

Non-turbine landscape disamenities

strong effects found

Effetti Testati

Quando si sono verificate le vendite?

Dopo I'annuncio e prima Dopo la costruzione e
della costruzione della durante I'esercizio del
Struttura Eolica struttura eolica

Veduta di turbina eolica

non testato

effetti trovati (~ -12%o)

A breve distanza (~ 0,8 km) di turbina

non testato

forti effetti trovati (~ -28%)

aspetti piacevoli del paesaggio in assenza della turbina eolica

forti effetti trovati

aspetti spiacevoli del paesaggio in assenza della turbina eolica

forti effetti trovati

26 Energy Markets and Policy Group * Energy Analysis and Environmental Impacts Department
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Denmark Based Study: Jensen et al. 2013

The Vindication of Don Quixote: The Impact of Noise
and Visual Pollution from Wind Turbines

Cathrine Ulla Jensen, Toke Emil Panduro, and

Thomas Hedemark Lundhede

ABSTRACT. In this article we quantifv the marginal
external gffects of nearby land-based wind furhines
on property prices. We succeed in separating the ef-
fect af noise and visual pollution from wind turbines.
This is achieved by using a dataset consisting of
12,640 traded residential properties located within
2500 meters of @ turbine sold in the period 2000-
2011, Owr results show that wind turbines have a sig-
nificant negative impact on the price schedule of
neighboring residential properties. Visual pollation
reduces the residential sales price By up to about 3%,
while noive pollution reduces the price between 3%
and 7%. (JEL QI%, Q38)

L INTRODUCTION

In the sixteenth century, the fictional char-
acter Don Quixote thought that windmills
were alien to the landscape. Many people
have similar views about wind turbines today.
The installation of land-based wind turbines
is controversial and is often met with oppo-
sition from the local community (Wolsink
2000, which often takes the form of a “not in
my back yard” argument. The general need to
increase renewable energy, and install wind
turbines in particular, is acknowledged, but at
the same time the location of local wind tur-
bine projects is opposed. Denmark has expe-
rienced a massive growth in wind-power ca-
pacity. In the mid 1990s less than 2% of the
domestic power supply was derived from
wind; today 5,000 onshore and offshore tur-
bines make up more than one-fifth of the do-
mestic power supply. The Danish government
plans to increase the share of onshore turbines
by an additional 1,800 megawatt-hours before
2020. In addition, large offshore wind turbine
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projects have been initiated. It is expected that
offshore projects will dominate the expansion
of wind turbine energy production in the com-
ing years.

The noise and visual appearance of wind
turbines make them very unatiractive neigh-
bors (Devine-Wright 2005). The stated pref-
erence literature has shown that people in gen-
eral have a positive attitude toward wind
turbines (Borchers, Duke, and Parsons 2007),
while at the same time they are able to put a
value on the negative externalities related to
noise and visual pollution (Ladenburg 2009;
Meyerhoff, Ohl, and Hartje 2010; Ladenburg
and Maller 2011). The stated preference re-
sults are compelling, but a number of ques-
tions follow in their wake. For example, when
respondents have to relate to a hypothetical
scenario, are they cognitively able to distin-
guish between their opinions on noise and vi-
sual pollution? If not, are conclusions based
on hypothetical payments as reliable as results
based on observed, actual payments (Dia-
mond and Havsman 1994)7

The externalities related to wind turbines
are restricted to local residents, which makes
the hedonic house price method the obvious
valuation technique to choose. Only a handful
of hedonic studies have attempted to estimate
the local negative impacts of wind turbines,
and only the most recent publications have
succeeded (Sims and Dent 2007; Sims, Dent,
and Oskrochi 2008; Hoen et al. 2011; Heint-
zelman and Tuttle 2012). Heintzelman and
Tuttle {2012} find that nearby wind facilities

XL
100 Kilometers

Summary 0o ® o

The authors are, respectively, head of section, Danish
Economic Councils, Copenhagen. Denmark; postdoc-
toral fellow, Institute of Food and Resource Econom-
ics, University of Copenhagen, Denmark: and asso-
ciate professor, Institute of Food and Resource
Economics, University of Copenhagen. Denmark.

«12,640 total sales, ~24 facilities
*~400 post-construction sales within 1 km
 First study of its kind in Denmark

« Explored impacts near a variety of
disamenities

» Studied Scenic Vista and Nuisanc mas

reerrec]

Energy Markets and Policy Group ¢ Energy Analysis and Environmental Impacts Department

BERKELEY LAR



UK Based Study: Gibbons 2014

SERC DISCUSSION PAPER 159

Gone with the Wind: Valuing the
Visual Impacts of Wind turbines
through House Prices

Stephen Gibbons (LSE& SERD)

/‘QC

Summary

«1,710,293 total sales, >25 facilities

«>8,000 post-construction sales w/in 1 km
 First study of its kind in UK
e Focused on view of turbine effects

Investigated Area Stigma, Scenic Vista
Stigma, and Nuisance Stigma |
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