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Abstract

Public support is crucial for the energy system’s transition towards renewable energy (RE).
This paper examines how spatial proximity to wind turbines (WTs) affects public support
for RE using two measures – local preferences for RE electricity tariffs based on more than
35 million search queries on price comparison websites, and local election outcomes for
the Green party in Germany. Endogeneity in WT diffusion is addressed by exploiting a
peculiarity in the local remuneration scheme forwind feed-in inGermany in an instrumental
variable approach. Our results suggest a significant decrease inpreferences forRE electricity
tariffs by around 43 percent for each new WT in a zip code and a decrease in votes for the
Green party by about 18 percent for each new WT in a municipality. However, the effect
diminishes rapidly with the distance to WTs. This finding is consistent with a substantial
“not in my backyard” effect and suggests that even strong and active proponents of the
energy system’s transition reduce their support when a WT is installed nearby. Finally,
our results suggest that financial compensation may mediate the negative effects on public
support for RE.
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Global climate change is one of the greatest challenges of our time,1 and ambitious climate

targets, such as the European Commission’s “2050 long term strategy“ and the UNFCCC Paris

Agreement, have been set in recent years to limit greenhouse gas emissions. Increasing the

share of low-carbon, renewable energy (RE) in the total energy production is considered key

to meet these targets. The Intergovernmental Panel on Climate Change (IPCC) estimates that

limiting globalwarming to 1.5°Crequires a share of 70–85percent of RE in total global electricity

generation until 2050 and in particular wind power has been attributed a dominant role inmost

scenarios.2

A prerequisite to achieving climate targets is the acceptance and support of RE in society.

This seems to be given at first glance as several polls report that the vast majority of citizens

in the Western World state that they strongly support RE.3 At the same time, however, there

is a significant discrepancy between stated and revealed willingness to support the energy

transition when RE projects are planned in the own region. Particularly, plans to install wind

turbines (WTs) regularly face substantial local public opposition and protests, which often

succeed in blocking them.4

The contradiction between stated and revealed support for RE arises from its (local) neg-

ative externalities. WTs may interfere with wildlife and landscape aesthetics, generate noise

emissions and have negative effects on land and housing prices.5 Such opposition to projects in

the local area accompanied by tolerance and even support for the same project at a location fur-

ther away is often referred to as not-in-my-backyard (“NIMBY”)mentality and presents a serious

obstacle for the energy transition’s success. While the NIMBY attitude towards wind power is

often and prominently the subject of public debate, to our knowledge, its causal quantification

based on revealed preference measures remains scarce in the literature.

In this paper, we investigate the impact of nearby WTs on local public support for RE.

We apply two granular measures of public support for RE, i.e. (i) individual preferences for

RE electricity tariffs using search queries on price comparison websites and (ii) local voting

outcomes for the Green party in German federal elections (Bundestagswahl). We use Germany

1For instance, over the next ten years “Failure of climate change mitigation and adaption” is the number one
global risk by impact and number two by likelihood (after extreme weathers, which is also related), according to
the World Economic Forum (2020).

2See IPCC (2018) and European Commission (2018).
3See, e.g., Renewable Energy Agency (2016).
4There are more than 1,000 organized citizens’ initiatives against WT projects in Germany, 900 of them in the

federal association Vernunftkraft.
5The situation is also similar for conventional power plants (Davis, 2011).
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as a case study for global developments due to its pioneering role in wind energy deployment.

German wind capacity has grown rapidly due to significant subsidies that helped increase its

share in gross electricity consumption to as much as 17.5 percent until 2019 (BMWi, 2019). In

terms of total installed capacity, Germany ranks third globally, only surpassed by China and

the U.S., where wind power, however, only contributes 5.5 percent and 7.3 percent to the total

electricity consumption to date.6 However, in recent years, the pace of expansion has slowed

substantially, to a large extent due to citizen campaigns. The slowdown constitutes a severe

challenge for the achievement of climate targets.7 For targeted policy measures it is important

to understand the sources of resistance, which may come from general opponents to wind

power or from a change in support from those who initially actively advocated wind power

expansion.

In the course of this paper, we first examine how being exposed to nearby WTs affects local

preferences for RE electricity tariffs, which we measure using data on more than 35 million

individual search queries for RE electricity tariffs on online price comparison websites. We

interpret this measure as a revealed general willingness to actively support RE. We focus on

queries rather than eventual tariff decisions due to their independence of price differences

between conventional and RE electricity tariffs. The reason for this is that price differences are

a decisive driver of the actual tariff choice, which makes it difficult to disentangle price effects

from general preferences for RE.8 The use of search queries for RE tariffs, in contrast, does not

suffer from this drawback because individuals do not observe anyprice differences prior to their

search query. Nevertheless, search queries are an accurate predictor for the actual tariff choice

as we show in the data section.9 Second, we estimate the effect of WT installations on local

voting outcomes for the Green party, a political party in the German parliament (Bundestag),

whose election program traditionally focuses on climate protection and the energy system’s

transition towards RE. Voters of this party can therefore be considered as active supporters of

RE. Finally, we examine how local exposure to WTs affects voter turnout in general.

6See China Energy Portal (2019) for China and EIA (2019) for the U.S..
7See, for instance, Bloomberg, 2019 or Financial Times, 2019.
8For a standard two-person household with 3.5 MWh annual electricity consumption RE electricity tariffs are

on average 4.6 percent more expensive than regular tariffs in our observation period.
9In a brief extension to this paper we also present supportive evidence on the effect of nearby WTs on a

household’s willingness-to-pay for RE electricity tariffs using data from stated-preferences surveys. The baseline is
similar in that a household’s willingness willingness-to-pay for RE electricity decreases significantly once a WT is
installed nearby as shown in Appendix B.
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A key challenge for causal identification of the effects of interest is that spatial wind power

expansion is likely endogenous. Lower local support for RE not only leads to lower preferences

for RE tariffs and worse election outcomes for the Green party, it also increases the likelihood

of citizen campaigns against WTs and thus may result in the abandonment ofWT projects.10 To

address these concerns, we use an instrumental variable based on a particular design feature

of the German wind energy support scheme that differentiates wind power subsidies based on

local wind potential, leading to exogenous local and time variation in investment incentives for

WTs.

We find that the construction of WTs in a neighborhood has a significantly negative effect

on citizens’ general willingness to support RE. For both employed measurements the effect

is substantial. For queries on RE tariffs, an additional WT reduces local preferences for RE

by around 43 percent, while an additional WT reduces votes for the Green party by about 18

percent. In both cases, the effects fade with increasing distance to WT. Since consumers that

prefer RE electricity tariffs or vote for the Green party are active supporters of RE, this finding

indicates that even active proponents of REmay decrease or even cease their support once they

are directly exposed to nearbyWTs. We further find that exposure toWTs reduces voter turnout

in general by 5 percent, which is not limited to supporters of the Green party. Importantly, our

results also suggest that financial compensation significantly mediates the negative effects on

local support for WTs.

The remainder of this paper is structured as follows: Section 1 provides an overview

of the related literature and Section 2 presents the institutional background of wind power

deployment in Germany. Our empirical strategy is outlined in Section 3 and the data are

described in Section 4. We then describe our results in Section 5 and conclude in Section 7.

1 Literature

RE technologies are typically small-scale and often require more space per unit of output than

conventional technologies due to their lower energy density (Wüstenhagen et al., 2007). Thus,

they are sometimes confronted by local opposition, which may fear (negative) externalities

from RE deployment. In the case of wind power, for example, these externalities may relate to

10Citizens’ initiatives and private persons are involved in 62 percent of all law suits filed against WT projects
according to the German Wind Energy Association (BWE), 2019. Environmental associations represent another
major opponent in many cases.
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visual impacts, noise pollution, and negative effects on animals (mainly birds). As preferences

for RE are hard to identify, differentmethods are commonly used in the literature, such as direct

questions in opinion polls and surveys, or willingness-to-pay estimates for green electricity,

elicited by contingent valuation methods or choice experiments. A recent strand of literature

investigates the diffusion of RE technologies and its relationship to reported life satisfaction.

In addition to these stated preferences approaches, hedonic methods are currently the only

revealed preference approach employed. In these approaches, the impact of power generation

facilities, including RE plants, on housing prices is estimated to infer the extent of associated

externalities.

Abundant literature exists on evaluating public acceptance and externalities of RE technolo-

gies using qualitativemethods and case studies.11 Meta studies on the externalities of wind and

hydro power using stated preferences methods can be found in Mattmann et al. (2016a) and

Mattmann et al. (2016b), respectively. However, the application of stated preferences methods,

especially contingent valuation, may raise issues. It has been shown that these methods may

be prone to hypothetical biases, and results may depend to a large extent on the framing of the

questions, e.g. willingness to pay versus willingness to accept (for a review of these issues see

for example Hausman (2012), or Kling et al. (2012)).

Electricity generated from RE sources is often more expensive than that produced by con-

ventional sources. There is a large economic literature on willingness-to-pay (WTP) estimates

for green electricity (for twometa-analyses onWTP estimates see Ma et al. (2015), or Sundt and

Rehdanz (2015)). According to these studies, many households state a generally positive WTP

for green electricity, with differing values across the specific RE technologies. Both Ma et al.

(2015) and Sundt and Rehdanz (2015) find higherWTP estimates for solar, wind and RE sources

in general than WTP for electricity generated by hydro power and biomass. In addition, WTP

is positively related to renewable electricity generation in current energy consumption as well

as with the RE share in a proposed energy mix (Ma et al., 2015). Individual characteristics of

the participants are also important. Ma et al. (2015) note that WTP estimates are negatively

associated with current household electricity consumption, and Sundt and Rehdanz (2015)

identify individual knowledge about RE technologies, income and education as important de-

terminants for WTP estimates. However, these studies also highlight uncertainties stemming

11See for example the meta-analysis by Aitken (2010) for an overview on wind power, or van der Horst (2007),
on the “not in my backyard” phenomenon.
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from the use of different valuation methods. Ma et al. (2015) state that the characteristics of

the study design “explain a large proportion of the variation in WTP values across studies”.

Besides studies on the stated WTP estimates, articles investigating actual decisions to consume

green electricity are rare. Those studies that do exist find that decisions to purchase green

electricity or participate in green electricity programs depend on factors such as household

characteristics, environmental concerns, and warm glow motives (e.g. Menges et al., 2005;

Kotchen, 2007; Jacobsen et al., 2012).

Some studies use subjective well-being data to quantify the externalities of the diffusion RE

technologies (e.g. Krekel and Zerrahn, 2017; vonMöllendorff, 2017). Krekel and Zerrahn (2017)

find negative effects on reported life satisfaction in the surrounding of a newly constructed

wind turbine in Germany. von Möllendorff (2017) points out that effects differ with respect to

the deployed technology, and that externalities associated with biomass are stronger than for

wind and solar power.

Our article is also related to a stream in the hedonic pricing literature inferring the value of

(negative) externalities of power plants (conventional and renewable) on housing prices (among

others, Davis, 2011; Dastrup et al., 2012;Heintzelman andTuttle, 2012; Jensen et al., 2014). These

studies typically find negative external effects from wind turbines and conventional power

plants, quantified by lower property prices in the surrounding area. Sunak and Madlener

(2016) find that asking prices for properties that looked onto on newly installed wind turbines

in Germany experienced a drop of between 9 and 14 percent. Similarly, Gibbons (2015) suggests

that in Wales and England wind farm visibility reduces local house prices, and the implied

visual environmental costs are substantial. Jensen et al. (2014) disentangle the effect of visual

pollution and noise pollution of wind turbines in Denmark. They find a negative effect on

residential sales prices of up to about 3 percent in the former case and between 3 and 7 percent

in the latter. Jarvis (2020) finds that WTs have negative effects on local property values in the

United Kingdom and that these effects are taken into account in planning decisions, leading

to distorted WTs deployment and higher deployment cost of 10-25 percent compared to cost-

optimal deployment. However, while house prices are negatively affected by nearbyWTs, land

owners in windy areas may profit by capitalizing WT subsidies into land prices as shown by

Haan and Simmler (2018).

Unlike the above literature, we use online search queries for RE tariffs as an alternative,

revealed preference measure. The assumption that a preference for RE tariffs allows us to infer
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about preferences for RE technologies is in line with Kotchen and Moore (2007) who study

“how concern for the environment translates into predictable patterns of consumer behavior”

in the case of a green electricity program. We also apply the share of votes for the Green

party in German federal elections as a further measure of revealed preferences for RE. Party

loyalty has been shown to be fairly stable over time in general. As shown by Mullainathan and

Washington (2009) this is not only caused by stable individual preferences but also because

past behavior itself may shape future preferences due to cognitive dissonance in the sense of

Festinger (1957). From this perspective, the papers that is probably most related to ours is

Comin and Rode (2015). The authors use survey data to analyze the effect of diffusion of solar

PV systems installations on voting behaviour, finding that households that install on-roof PV

become more supportive of the Green party. Furthermore, Stokes (2016) investigates voting

outcomes in Ontario, Canada, after the implementation of a policy supporting wind power

and finds losses for the incumbent party of about 4 to 10 percent. Last but not least, as we also

analyze effects on voter turnout, our paper can also be related to studies concerned with this

research question (e.g. Falck et al., 2014).

2 Institutional Background of Wind Power in Germany

Beginning in the early 2000’s, Germany experienced a rapid increase in wind energy. Installed

onshore wind power capacity grew from 6.1 GW in 2000 to 26.8 GW in 2010 and 53.3 GW in

2019, respectively, and its contribution to gross electricity consumption rose from 1.7 percent

in 2000 to 6.2 percent in 2010 and reached 17.5 percent in 2019.12 Figure 1 illustrates this

development.

12The second largest RE contribution in Germany is solar energy with a share of 8.2 percent of total energy
consumption as of 2019 (BMWi, 2020).

6



Figure 1: Development of wind power capacity and contribution in Germany
Note: Calculation based on data from the German Federal Ministry for Economic Affairs and Energy

(BMWi, 2019).

Much of this expansion has been attributed to governmental policies, and in particular

financial support of renewable systems through administratively set feed-in tariffs. These

tariffs are production subsidies, providing a fixed price for every kilowatt hour of electricity

that is produced and fed into the grid by an eligible RE technology.13 In addition, RE enjoys a

priority feed into the grid.

Feed-in tariffs are differentiated by technology and size, resulting in different levels of

support forwind, solar photovoltaic, biomass systems, etc. The tariff levels are administratively

determined and regularly adjusted for the installation of new systems based on estimations of

their electricity generation cost.14 For an individual system, the nominal tariff that is valid at

the date of installation remains constant over time and is granted for 20 years.

Furthermore, and key for our empirical strategy, for wind power plants, the level of support

is regionally differentiated based on local wind power potential in the so-called reference yield

model, which provides installations at locations of lower wind potential with a relatively higher

support level per unit of electricity. This differentiation is devised to tackle potential grid

constraints and ensure a less volatile overall production of wind power. In the reference yield

model, the wind potential of each location is assessed relative to a specified reference location,

which is determined by the location’s average wind speed at a specified height, its elevation

13The Renewable Energy Sources Act (EEG), which administers these tariffs, was enacted in 2000 and superseded
its predecessor, the Electricity Feed-in Law (Stromeinspeisungsgesetz) dating from 1991.

14More recently, tendering of support levels has been introduced for large wind and solar systems. However,
this market design adjustment took place after the period analyzed in this paper.
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profile and roughness length (theoretical height above the ground at which the mean wind

speed is zero). With additional information on a specified reference wind power plant type

(reference plant), the reference output – the so-called “reference yield” – of this plant type at the

reference location can be calculated. The reference yield acts as a benchmark against which the

output of wind power plants at every location can be assessed based on specified performance

curves for different types of wind power plants.

In the reference yield model, the tariff for a WT consists of two parts: a higher tariff paid in

the beginning (initial tariff ) and a lower tariff that is applicable after the initial period expires

(base tariff ). The length of the initial period decreases with the output relative to the reference

yield. Thus, locations with a low wind potential are subject to the higher initial tariff for a

longer period than locations with a high wind potential. The reference yield model and the

local differentiation of feed-in tariffs are used to construct an instrument for local expansion of

WTs as explained in more detail later.

Several amendments to the Renewable Energy Sources Act (EEG) changed the support

levels for wind power plants (in 2004, 2009, 2012, and 2014). The changes affected the initial

tariff which is granted in general for the first five years as well as the lower base tariff, which

is applied to the system after the initial period. Depending on the individual plant output

relative to the reference output, the length of the initial period can be extended according to the

rules laid out in the EEG (see details in Table 1). Before 2012, locations with a wind potential

below 60 percent of the reference location were excluded from the reference yield scheme.

Table 1: Structure of feed-in tariffs at the time of enactment

EEG amendments Initial tariff Base tariff Extension of initial tariff
[cts. / kWh] [cts. / kWh]

EEG 2000 9.10 6.19 2 months per -0.75% deviation from 150%
(effective 04/2000) of reference yield
EEG 2004 8.70 5.50 2 months per -0.75% deviation from 150%
(effective 08/2004) of reference yield
EEG 2009 9.20 5.02 2 months per -0.75% deviation from 150%
(effective 01/2009) of reference yield
EEG 2012 8.93 4.87 2 months per -0.75% deviation from 150%
(effective 01/2012) of reference yield
EEG 2014 8.90 4.95 2 months per -0.36% deviation from 130%
(effective 08/2014) of reference yield + 1 month per -0.48%

deviation from 100% of reference yield
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While the amendments specify the starting levels at the time they come into effect, the tariff

level is adjusted regularly across the years, so that the initial and base tariffs change within

the time period of each amendment as shown in Figure 2. These adjustments are outlined as

specific (annual) degression rates in the amendment.15 In general, these tariffs decrease over

time. For example, in 2012, the level of the initial and base tariffs were 8.90 and 4.95 euro

cents per kWh, respectively. This decreased until 2014 to 8.66 and 4.72 euro cents per kWh

due to annual degression. With the enactment of the EEG amendment in August 2014, both

tariffs increased again to 8.90 and 4.95 cents per kWh, respectively. The increase in the initial

tariff in 2009 amendment reflected cost increases in WT installations, in particular increasing

resource costs (Böttcher, 2010). Our main sample period ends with the end of 2014 since the

EEG 2014 introduced several changes that may weaken our empirical approach, which takes

advantage of the feed-in-tariffs to instrument for wind power expansion. For example, larger

newly installed WTs are not eligible for fixed feed-in tariffs any longer after 2014 but have to

market their own electricity.

Figure 2: Development of feed-in tariffs for wind, 2006-2014
Note: Own illustration based on data from the German Transmission System Operators

(https://www.netztransparenz.de/EEG/Verguetungs-und-Umlagekategorien).

15With the 2014 amendment the levelswere adjusted based on historic national deployment ofWTs in a particular
period.
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3 Identification and Empirical Specification

Our aim is to identify whether public support for RE changes when people are personally

affected by its negative externalities. We apply two measures of revealed preferences for RE to

proxy for public support:

i. RE tariff queries. The first measure is the share of consumers using price comparison

websites to search for electricity tariffs, who tick the option “show green electricity tariffs

only”. We interpret these consumers as revealing a general preference for RE. While

survey data generally bear the risk of being biased in the sense that they do not reveal true

preferences, we observe real action by consumers when using this measure.16 In the next

section we describe the underlying data and the construction of our measure in detail.

ii. Green party votes. Our second measure is the share of votes received by the Green

party in the German federal elections (Bundestagswahlen). The Green party has played an

important role in the German political landscape ever since its establishment in 1980, and

has been elected into the Bundestag in every Bundestagswahl since 1994.17 Between 1998

and 2005 it was part of the Red-Green government partnering the social democratic party

(SPD). The transition of the energy system towards RE is the ideological basis of the Green

party and their central election campaign issue. “Renewable Energy” was mentioned 61

times in their 2009 election program and 75 times in the 2013 program. The term “Energy

transition” appeared twice in 2009 and 74 times in 2013, reflecting the nuclear phaseout

decided in 2011 after the Fukushima incident. Wind plants in particular were mentioned

11 and 36 times and references to “climate” appeared 151 and 153 times, respectively.18

Thus, we think it is reasonable to consider voters of the Green party as active supporters

of RE.

We are interested in how these measures of RE support are affected by installations of WTs

in the immediate vicinity. Hence, the relation of interest can be written as

%(<8C = �1 ×,)8C + X′8C × �2 + �8 + �C + �8C , (1)

16However, in a brief extension to this paper we also asses the effect of nearby WTs on local households’
willingness-to-pay for RE electricity tariffs using data from a stated-preferences survey. The baseline is similar in
that a household’s willingness to pay for RE electricity decreases significantly once a WT is installed nearby. This
is shown and discussed in Appendix B.

17A party gets seats in the Bundestag if it receives at least 5 percent of all votes.
18See Bündnis 90/Die Grünen (2009) and Bündnis 90/Die Grünen (2013).
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where %( is public support for RE using measure <, which is either the share of RE tariff

queries or the share of Green party votes in the Bundestag elections.

,) is our variable of interest and presents either the number or the installed capacity of

WTs. X is a vector that captures changes in timevariant local socioeconomic characteristics, such

as average purchasing power/unemployment rates, age, and population density. Subscript 8

indicates zip codes for the RE tariff query-based measure, and municipalities for the Green

party votes measure, and C indicates years. � are the respective fixed effects and � is an error

term.

A challenge in the identification of the impact ofWT on public support for RE and its causal

interpretation arises because the expansion of WTs is likely endogenous. WTs reach up to 200

meters and are often perceived to invade the shape of townscapes and landscapes. Even more

important is the fear that wind turbines installed nearby may lower the value of real estate.

These negative externalities frequently cause local protests against planned WTs and citizens’

initiatives and referendums are often successful in blocking these projects.19

Ignoring this factormay result in substantially upwardbiased estimates due to simultaneous

effects as one would also expect relatively fewer WTs in areas with less support of RE.

To address these concerns we apply an instrument variable approach based on a peculiarity

in the remuneration scheme for wind energy in Germany, the so called “reference yield model”

described in detail in Section 2. The “reference yield model” leads to varying feed-in tariffs for

wind power across locations and over timewith annual degression and periodical adjustments.

These feed-in tariffs are a major determinant of the installation of WTs as shown by Hitaj and

Löschel (2019). This is also illustrated in Figure 3 below, which shows the correlation of deciles

of the expected revenues from the reference yield scheme, detrended by year, and the number

of new WT installations, also detrended by year.20

19Moreover, Rode (2014) shows that the adoption rate of WTs decreases even in the long-term in municipalities
that have successfully blocked WT installation in the past.

20The detrending is done by regressing the expected revenues from the reference yield scheme and the number
of newWT installations, respectively, on year dummies and use the residuals from these regressions instead of the
actual values of the two variables. This procedure allows to correct for cost reductions in the construction of WTs
over time which are also reflected in the expected revenues based on the reference yield scheme.
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Figure 3: Deciles of expected revenues (detrended) and number of newWT installations

The remuneration principle of the “reference yield model” is exclusively based on local

wind power potential, which can plausibly be assumed to be orthogonal to green sentiments.

Furthermore, the annual degression and periodic adjustments of these tariffs lead to variation

in expected revenues over locations and time.

As the reference yield model aims to encourage investments in WTs in less favorable loca-

tions, it partly levelizes local wind power potential. Figure 4 exemplary illustrates the spatial

variation in these revenues for WTs erected in 2013.
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Figure 4: Expected revenues according to the reference yield scheme over twenty years for
wind turbines constructed in 2013

It is this variation in the expected revenues over locations and time thatwe use to instrument

for local wind power expansion. More precisely, we compute the expected revenues based on

the reference yield remuneration scheme, i.e., the annual average tariff over 20 years from this

scheme multiplied by expected output over 20 years (the representative reference yield for

20 years), at a specific location as an instrumental variable for the expansion of WTs at this

location.

We thus instrument for WT installations with the expected local revenue according to the

reference yield remuneration, which leads to the first-stage equation:

,)8C = �1 × �'8C + �2 × �=4;8681;48C ×Wind potential8 + X′8C × �3 + �8 + �C +  8C , (2)

where �'8 ,C and �=4;8681;4 ×Wind potential are the instruments. �'8 ,C reflects the expected

revenue of a WT built in location 8 and year C according to the reference yield model. As

was mentioned in Section 2, locations with less than 60 percent of the wind potential at the

reference location were ineligible for the reference yield scheme before 2012. In this case �'8 ,C

is set to zero. To also capture differences in investment incentives in these locations, we use

�=4;8681;4×Wind potential as a second instrument. This variable indicates thewind potential in
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a zip code or municipality if the location is ineligible for the reference yield scheme and is zero

otherwise. More details on the construction of the instruments are given in the subsequent

section. The remaining variables have the same notation as above.

4 Data

Our data stem from several sources. We obtained detailed data on search queries for electricity

tariffs from ene’t, a German software anddata provider for the electricity industry, who operates

several price comparison websites. Data on election outcomes were gathered from the German

Federal Statistical Office. energymap provided the data on RE plants. The German Meteorological

Service (Deutscher Wetterdienst, DWD) provided us with data on local wind intensity, while

data on local feed-in tariffs for wind turbineswere collected from netztransparenz.de. Finally, the

marketing company Acxiom provided data on socioeconomic and demographic characteristics

in Germany at the zip code level, while we collected similar variables at the municipality level

from the German Federal Office for Building and Regional Planning and the German Federal

Statistical Office.

The spatial data resolution is at the German zip code level (8,039 zip codes) for the RE

tariff queries and at the municipality level (10,003) for the “green votes” measure. For the RE

tariff queries, we analyze the period 2011 to 2014. This period was chosen because a) earlier

data were not available, and b) because the remuneration principle of wind power was subject

to a major change in the EEG 2014 amendment. This amendment requires larger WTs that

started operating later than 2014 to sell their electricity competitively in the spot market (plus

an additional market premium for RE electricity), which weakens our instrument. During this

period, the installed net capacity fromwind energy experienced a substantial expansion, rising

from 26.9 MW by the end of 2010 to 38.6 MW by the end of 2014 – a total increase of 43 percent

in only four years. For the “green votes” measure we analyze the outcomes of the elections in

2009 and 2013. In this period the installed net wind capacity increased from 22.8 MW by the

end of 2008 to 33.5 MW by the end of 2013 – a total increase of 47 percent in only four years.

We first describe how we construct our main variables from the data and subsequently

provide information on control variables. In Tables 2 and 3, we provide the descriptive statistics

of our two data sets.
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RE tariff query data

In 1999 Germany’s electricity liberalization brought about the end of local monopolies by

allowing entry to local markets and allowing consumers to freely choose between different

electricity retailers and tariffs. Many electricity retailers have entered the market since.21 The

large majority of households use price comparison websites to compare electricity tariffs and

switch suppliers.22.

We directly observe all tariff queries conducted between March 2011 and December 2014

on several well-known online price comparison platforms for electricity tariffs including Top-

tarif.de (top tariff), Stromtipp.de (power tip), Energieverbraucherportal.de (energy consump-

tion portal) and mut-zum-wechseln.de (courage-to-change), of which Toptarif.de is the biggest

platform by far. A screenshot of Toptarif’s interface is shown in Figure 5.

Figure 5: Screenshot of the price comparison site “Toptarif”

For each search query we observe the timestamp, the zip code for which information on

local electricity tariffs is requested, the (expected) annual consumption entered into the search

interface, the type of search query (household or industrial customer), a search session ID

indicating the order of the queries of each searching consumer as well as the options ticked

by the consumers. These options allow to refine each search query to a consumer’s personal

21In our observation period there were on average 133 electricity retailers per zip code offering their services
(with a range of 55 to 192).

22This was already the case at the beginning of our observation period. According to an early study 80 percent
of switchers already used price comparison websites in 2011. See AT Kearney, 2011.

15

http://www.atkearney.at/documents/3709812/3710656/BIP_Der_Strom_und_Gasvertrieb_im_Wandel.pdf


preference and compare results across options. For instance, consumers can choose whether

or not the ranked tariffs include package tariffs or switching premiums, and whether to only

compare tariffs with price guarantees etc. Of utmost importance for our analysis is whether

a searcher ticked the box “show green tariffs only” as this reveals a consumer’s preference for

RE.

In sum, we have information on 35,855,071 search queries from 17,302,530 search sessions of

which 96.7 percent (i.e. 16,778,214 sessions) were conducted by households and the remaining

3.3 percent (i.e. 524,316 sessions) by industrial customers. In our analysis, we focus on

households and therefore exclude search queries from commercial consumers. We aggregate

the data to the zip code-year level. The yearly aggregation is equivalent to the assumption that

each household considers switching the supplier once a year (if at all) which corresponds with

the typical length of an electricity contract.

Our search basedmeasure for RE support are then built as the ratio of the number of search

sessionswith the ”show green tariffs only” box ticked and the overall number of search sessions

in zip code 8 in year C.

RE tariff queries8 ,C =
number of search sessions with box ticked8 ,C

number of search sessions8 ,C
,

We compute three measures of RE tariff queries:

i. First query: The number of search sessions where the “show only green tariffs” option is

ticked in the first query of a consumer’s search session – consumers directly searching for

RE tariffs are considered to have a very strong preference for RE tariffs. This is also our

preferred measure as it probably presents the measure indicating the clearest preference

for green electricity.

ii. Any query: The number of search sessions where the “show only green tariffs” option is

ticked in at least one query of a search session. If a consumer ticks this option at least once

in a search session, we assume a generally positive attitude towards green energy.

iii. Last query: The number of search sessions where the “show only green tariffs” option is

ticked in the last query. This measure has the feature that it may present the final choice of

a consumer. However, in our case it also has a disadvantage as at this point the searching
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consumermay already be informed about the additional costs of choosing an RE electricity

tariff.

The regional distribution of the share of RE tariff queries for 2013 is shown in the left panel

of Figure 7.

The share of households with preferences for RE tariffs is rather low as can be seen in

Table 2. Six percent of all searching households ticked the “show only green electricity tariffs”

box at least once in a search session. The percentage of households that already ticked the

box for their first query is around 3.7 percent of all searching households. These households

can be interpreted as the households with the highest preference for RE. On average, 2.1 wind

turbines are installed in a zip code, 3 wind turbines within a radius of 5 km from the zip codes

center, and 10.4 wind turbines within 10 km from the center.

We observe consumer search activity but not actual switching, because clicking on a specific

supplier’s tariff on an online comparison website redirects the searcher to a website where the

switch can be finalized. This is important for our purpose as a searching consumer may have a

general preference for electricity from RE, i.e. a positive willingness to pay, but may not choose

an RE tariff if the price difference between the cheapest regular tariff and the cheapest RE tariff

exceeds his valuation for it. Therefore, price differences between regular and RE tariffs are

much less of a concern if search queries are used to measure local preferences for electricity

from RE as consumers are not aware of the potential premiums for RE tariffs until they search.

Nevertheless, there is a strong correlation between search and switching activity as shown in

Figure 6, where we compare the number of search sessions from the ene’t data with data on

actual switching from Verivox, another major price comparison site for electricity tariffs. In

addition, in a brief extension to this paper we also asses the effect of nearby WTs on local

households’ willingness to pay for RE electricity tariffs using data from a stated-preferences

survey. The results are similar and are discussed in Appendix B.
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Figure 6: Relation between search queries and actual switches

Data on Green party votes

Data on the election outcomes at the municipality level for the 2009 and 2013 Bundestagswahl

come from the German Federal Statistical Office. On average the Green party received 8.6

percent of votes per municipality in 2009 and 6.5 percent in 2013. The regional distribution of

vote shares for the 2013 Bundestagswahl can be seen in Figure 7 (right panel).

Figure 7: Election outcomes for the Green party (Green Votes) and RE electricity tariff
queries (Green Searches) in 2013
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WT data

The energymap project (energymap.de) provides detailed information on RE plants including

the plant type (e.g. wind, solar, hydro etc.), net capacity, geo-coordinates and the date of

commissioning. The dataset is based on the official plant installation register of the German

Transmission SystemOperators (TSO).We use this dataset to construct our variables of interest,

i.e. the number and capacity of theWTs in a certain zip code ormunicipality andwithin a radius

of 1 km, 3 km, 5 km, 7 km, 10 km and 20 km from the center of the zip code or municipality.

Figure 8 shows the spatial distribution of WT in Germany exemplary for the year 2013. As can

be seen, more WTs are installed in the northern half of Germany.

Figure 8: Diffusion of wind turbines (2013)

Feed-in tariff data and socio-economic data

We constructed the expected revenues of a WT based on the German reference yield model,

using the data on local wind potential from the German Meteorological Office (Deutscher

Wetterdienst - DWD), as well as information on initial and base tariffs of WT from the German

Transmission System Operators.23 Expected revenues are calculated for the total eligibility

period of 20 years, consisting of the initial and base tariffs with weights depending on the

reference yield of the particular area, multiplied by the respective reference yield:

23See https://www.netztransparenz.de/EEG/Verguetungs-und-Umlagekategorien
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�'8C =
(
��)8=8C ,C ∗ =8=8C ,8 + ��)10B4 ,C ∗ =10B4 ,8

)
∗ H8 , (3)

where ��)8=8C ,C and ��)10B4 ,C are the initial and base tariff valid in year C, respectively. The

terms =8=8C ,8 and =10B4 ,8 refer to the initial and base period in location 8, respectively, with

=8=8C ,8 + =10B4 ,8 = 20 years.24 Annual reference yield is denoted by H8 . The expected revenue is

measured in euro cents per squaremeter of rotor surface over the same time frame. Before 2012,

locationswith less than 60 percent of the reference yield at the reference locationwere ineligible

for remuneration according to the reference yield scheme. In this case �'8C is set to zero. An

additional variable Ineligible × Wind potential is constructed to also capture heterogeneous

investment incentives in such inelegible locations. This variable takes the value of its reference

yield if the location is ineligible for remuneration according to the reference yield scheme and

is zero otherwise.

Further, we use socio-economic and demographic data to control for time-varying local

changes, e.g., purchasing power, unemployment, population and household age. These data

are obtained from Acxiom for the zip code level and from INKAR and the German Federal

Statistical Office for the municipality level. Data on commercial taxes of municipalities stem

from the German Federal Statistical Office.

Table 2: Summary statistics for the RE tariff queries analysis

Mean SD Min Max

Dependent variables
Share of search queries for green tariffs in any query (%) 6.04 5.75 0.00 100.00
Share of search queries for green tariffs in first query (%) 3.69 5.09 0.00 100.00
Share of search queries for green tariffs in last query (%) 4.99 5.17 0.00 95.34

Variables of interest
No. WT within zip code 2.05 6.01 0.00 103.00
No. WT within 1km 0.34 2.38 0.00 102.00
No. WT within 3km 1.57 7.49 0.00 352.00
No. WT within 5km 2.99 14.54 0.00 730.00
No. WT within 10km 10.37 37.55 0.00 1468.00
Cap. WT within zip code 2.81 8.54 0.00 70.08
Cap. WT within 1km 0.47 3.01 0.00 69.32
Cap. WT within 3km 2.11 9.06 0.00 404.96
Cap. WT within 5km 4.06 17.87 0.00 844.03
Cap. WT within 10km 14.39 52.01 0.00 1705.66

Instrument and control variables
Expected revenue of a WT (in thousand e/m2 rotor surface) 0.90 0.30 0.20 2.28
Purchasing power (in thousands e/year) 43.49 7.51 21.03 110.34
Population (in thousands) 10.02 9.09 0.13 61.99
Young HH (%) 24.57 5.00 8.38 55.05

Obs. 31,913

Notes: statistics for zip code level data.

24See Table 1 for details on the computation of =8=8C ,8 and =10B4 ,8 .
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Table 3: Summary statistics for the Green party votes analysis

Mean SD Min Max

Dependent variables
Share of votes for the Green party in federal elections (%) 7.24 3.75 0.00 45.83

Variables of interest
No. WPS within municipality 1.37 4.28 0.00 86.00
No. WPS within 1km 0.86 3.28 0.00 71.00
No. WPS within 3km 1.95 7.11 0.00 163.00
No. WPS within 5km 4.09 15.73 0.00 432.00
No. WPS within 10km 14.81 56.35 0.00 1187.00
Cap. WPS within municipality 1.80 5.84 0.00 48.55
Cap. WPS within 1km 1.09 4.46 0.00 85.60
Cap. WPS within 3km 2.55 10.03 0.00 227.50
Cap. WPS within 5km 5.44 23.36 0.00 655.70
Cap. WPS within 10km 19.99 86.17 0.00 2284.20

Instrument and control variables
Expected revenue of a WT (in thousand e/m2 rotor surface) 1.11 0.24 0.44 2.37
Unemployment (%) 3.56 5.87 0.00 417.48
Population (in thousands) 4.87 10.84 0.00 520.97
Young HH (%) 30.80 5.36 0.00 91.05

Obs. 21,799

Notes: statistics for municipality level data.

5 Results

We now turn to the results. We first analyze the effect of WTs on RE tariff search queries and

subsequently their effect on election outcomes for the Green party.

5.1 WTs and preferences for RE tariffs

In Table 4, we estimate the effect of WTs on the share of households searching for RE electricity

tariffs for the three definitions of “RE tariff queries” defined above. Estimations are done by

continuous-updating GMMusing the expected revenue according to the reference yield model

to instrument for the local adoption of WTs. At the bottom of the table we report the first-stage

F-statistic for the relevance of the instrument. As the Stock-Yogo 10 percent critical value is

8.68, our instruments appears to be sufficiently strong to identify local wind power expansion.

Also, correcting for endogeneity appears to be in order as the Durbin-Wu-Hausman test rejects

the null hypothesis of WT being an exogenous regressor.25

In all specifications, the proximity to WTs significantly reduces local preferences for RE

tariffs. An additional WT reduces the preference for RE tariffs by approximately 43 percent26,

when applying the “first query” measure. The results for the other definitions of RE tariff

25The first-stage results are reported in Table A1 in the Appendix.
264−0.56 − 1.
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queries show very similar patterns.27 In a suggestive regression, we further include some

factors that may additionally affect preferences for RE tariffs through the WT channel. For

instance, nearbyWTsmay reduce land prices.28 They also increase electricity prices as the feed-

in tariffs intentionally exceed the competitive price equilibrium. More precisely, an increase

in RE capacity subject to fixed feed-in tariffs increases the electricity price globally and also

locally. Globally, through a yearly adjusted national RE subsidy that all consumers have to

pay according to the EEG (Erneuerbare Energien Gesetz, Renewable Energy Law). Locally,

because WTs generate higher costs for the local grid operator and therefore increase electricity

prices locally through higher local grid charges. Clearly, including local grid charges29 and land

prices in the model may cause concerns about the model validity as they are both themselves

outcomes of our variable of interest. The results should therefore only be taken as suggestive.

They are reported in Table A2 in the Appendix. Despite the concerns our finding remains

fully robust once we additionally control for local land price development and local variation

in electricity costs.

As the dependent variable is strictly positive, we also apply Poisson Pseudo Maximum

Likelihood (PPML) models as a robustness test. In these specifications, we estimate the first-

stage as before and plug the first-stage residuals into the PPML model as a control function

for endogeneity. The results are very similar to those from the linear IV regressions and are

reported in Table A4 in the Appendix.

27For information purposes, we also provide results from OLS panel estimations in Table A3 in the Appendix.
Signs and significance are as in the IV estimations but the magnitudes are much lower, suggesting that neglecting
endogeneity leads to an underestimation of the impact of WT on RE tariff queries.

28Haan and Simmler (2018) show a different mechanism of renewables impacting land owners, namely through
capitalization of subsidies for WT into land prices.

29The global price effect of the EEG is absorbed by the year fixed effects.
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Table 4: Effect of the number of WTs per zip code on queries for RE tariffs

(1) (2) (3)
log(first query) log(any query) log(last query)

No. WT within zip code -0.560∗∗∗ -0.570∗∗∗ -0.434∗∗∗
(0.111) (0.104) (0.104)

Population 0.021 0.019 0.044∗∗
(0.023) (0.021) (0.020)

Young HH -0.014 -0.016∗ -0.021∗∗
(0.010) (0.009) (0.009)

Purchasing power 0.004 -0.003 -0.002
(0.008) (0.007) (0.007)

Year FE Yes Yes Yes
Zip code FE Yes Yes Yes
Durbin-Wu-Hausman test 0.00 0.00 0.00
First stage F stat. 57.01 57.01 57.01
Obs. 31,913 31,913 31,913

Notes: Standard errors clustered at the zip code level in parenthesis. Estimation by two stage least squares.
Construction of wind turbines is considered endogenous. Instruments based on expected revenues of a WT
according to the reference yield model. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.

In Table 5 we examine variation in the proximity of WTs to the zip code’s center on RE

tariff search queries. We focus on search sessions where consumers tick the “show only green

tariffs” option already in their first query, i.e. the measure we also use in Column (1) of Table 4,

as the size of the price premium for RE tariffs is not known to the searcher at this stage, Thus,

the WT parameter should not be affected by information on price differences when using this

measure. However, the results for the other definitions are again very similar.

The average size of a zip code is 46 km2 which gives a radius of approximately 4.5 km. We

compute the number of WTs within different radius distances from a zip code’s center. The

results for WTs within radii of 1 km to 20 km from the zip code center are shown in Table 5.

Our estimates suggest that the closer WTs are located to a zip code’s center, the more they

negatively affect preferences for RE tariffs in that zip code, though this effect decreases rapidly

with distance from the zip code center. A WT less than 1 km from a zip code’s center reduces

queries for RE tariffs by as much as 89 percent, while the decrease drops to only 2 percent for

20 km, rendering it economically insignificant.30

In Table A5 in the Appendix we also provide estimations for the effect of locally installed

wind power capacity instead of sheer number of WTs. The results are similar and suggest that

a 1 MW increase in installed wind power capacity in a zip code decreases preferences for RE

tariffs by 20 percent.31

304−2.23 − 1 and 4−0.026 − 1.
31The average net capacity of a WT is 1.4 MW in our data.
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Table 5: Effect of the number of WT on queries for RE tariffs – different distances

(1) (2) (3) (4) (5)
log(first query) log(first query) log(first query) log(first query) log(first query)

No. WT within 1km -2.235∗∗∗
(0.523)

No. WT within 3km -0.733∗∗∗
(0.150)

No. WT within 5km -0.399∗∗∗
(0.081)

No. WT within 10km -0.099∗∗∗
(0.020)

No. WT within 20km -0.026∗∗∗
(0.005)

Population 0.045∗ 0.020 0.033 0.052∗∗∗ 0.049∗∗
(0.023) (0.026) (0.022) (0.019) (0.019)

Young HH -0.008 -0.012 -0.013 -0.017 -0.021∗∗
(0.011) (0.010) (0.010) (0.010) (0.010)

Purchasing power -0.005 0.000 0.001 0.001 0.000
(0.010) (0.008) (0.009) (0.008) (0.008)

Year FE Yes Yes Yes Yes Yes
Zip code FE Yes Yes Yes Yes Yes
Durbin-Wu-Hausman test 0.00 0.00 0.00 0.00 0.00
First stage F stat. 20.96 40.88 42.38 50.20 54.91
Obs. 31,913 31,913 31,913 31,913 31,913

Notes: Standard errors clustered at the zip code level in parenthesis. Estimation by continuous-updating GMM.
The local adoption rate of wind power is considered endogenous. Instruments based on expected revenues of aWT
according to the reference yield model. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.

Next, we examine the heterogeneity of the effect of WT on RE tariff preferences across

different subpopulations. We do this by cutting our sample at the median values of 1) the share

of youngHH, 2) income levels, and 3) population and carry out several split sample regressions.

The results are reported in Table 6 and reveal that all groups experience a negative effect on their

preferences but that wealthier and rural populations in particular have decreasing preferences

for RE tariffs when they are exposed toWTs. By contrast, age does not seem to play a large role.
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Table 6: Effect of the number of WTs on queries for RE tariffs – subsamples

Age Income Urbanization

young old low high rural urban
(1) (2) (3) (4) (5) (6)

No. WT within zip code -0.507∗∗∗ -0.625∗∗∗ -0.405∗∗∗ -0.635∗∗∗ -0.776∗∗∗ -0.393∗∗∗
(0.159) (0.169) (0.133) (0.197) (0.242) (0.077)

Population 0.041∗ -0.015 0.049∗∗ -0.088∗∗ 0.104 0.066∗∗∗
(0.022) (0.052) (0.024) (0.036) (0.076) (0.020)

Young HH -0.000 -0.030∗ 0.005 -0.021 -0.036∗∗ 0.006
(0.012) (0.018) (0.013) (0.015) (0.016) (0.009)

Purchasing power 0.008 0.001 0.009 -0.001 -0.002 0.018∗∗
(0.010) (0.011) (0.011) (0.010) (0.011) (0.008)

Year FE Yes Yes Yes Yes Yes Yes
Zip code FE Yes Yes Yes Yes Yes Yes
Durbin-Wu-Hausman test 0.00 0.00 0.00 0.00 0.00 0.00
First stage F stat. 26.54 27.80 23.70 32.34 20.62 40.17
Obs. 15,960 15,953 15,959 15,954 15,958 15,955

Notes: Standard errors clustered at the zip code level in parenthesis. Estimation by two stage least squares. The
local adoption rate of wind power is considered endogenous. Instruments based on expected revenues of a WT
according to the reference yield model. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.

5.2 WTs and votes for the Green party

Analogously, we now analyze howWTs affect the local likelihood of voting for the Green party

in the German federal elections. While the estimation sample for RE tariff queries covered

the years 2011 – 2014 and is at the zip code level, the sample on election outcomes covers

the two German federal elections of 2009 and 2013 and is at the municipality level. Again,

the first-stage results are sufficiently high to warrant the relevance of the instruments and the

Durbin-Wu-Hausman test suggests that endogeneity is an issue.

The results are reported in Table 7 and suggest that a new WT in a municipality reduces

election outcomes for the Green party by 18 percent.32 As before, we find that the effect rapidly

diminishes with the distance of WTs to the municipality center.

324−0.198 − 1
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Table 7: Effect of the number of WTs on election outcomes for the Green party

(1) (2) (3) (4) (5) (6)
log(green votes) log(green votes) log(green votes) log(green votes) log(green votes) log(green votes)

No. WPS within municipality -0.198∗∗∗
(0.056)

No. WPS within 1km -0.237∗∗∗
(0.066)

No. WPS within 3km -0.083∗∗∗
(0.023)

No. WPS within 5km -0.035∗∗∗
(0.010)

No. WPS within 10km -0.010∗∗∗
(0.003)

No. WPS within 20km -0.003∗∗∗
(0.001)

Population -0.029∗∗∗ -0.018∗∗∗ -0.021∗∗∗ -0.019∗∗∗ -0.021∗∗∗ -0.022∗∗∗
(0.007) (0.004) (0.003) (0.003) (0.004) (0.005)

Young HH -0.001 -0.001 -0.001 -0.001 -0.001 -0.001
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)

Unemployment -0.001 -0.000 -0.000 -0.000 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Year FE Yes Yes Yes Yes Yes Yes
Municipality FE Yes Yes Yes Yes Yes Yes
Durbin-Wu-Hausman test 0.00 0.00 0.00 0.00 0.00 0.00
First stage F stat. 29.57 35.79 36.73 32.77 29.73 30.52
Obs. 20,332 20,332 20,332 20,332 20,332 20,332

Notes: Standard errors clustered at the municipality level in parenthesis. Estimation by two stage least squares.
Construction of wind turbines is considered endogenous. Instruments based on expected revenues of a WT
according to the reference yield model. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.

As before, we also analyze potentially heterogeneous effects of WT penetration across

different subpopulations. Again, the effect is greatest in less populated areas and where the

economy is sound.

Table 8: Effect of the number of WTs on election outcomes for the Green party –
subsamples

Age Unemployment Urbanization

young old high low rural urban
(1) (2) (3) (4) (5) (6)

No. WPS within municipality -0.195∗∗∗ -0.185∗∗ -0.087 -0.574∗∗∗ -0.178∗ 0.002
(0.065) (0.094) (0.055) (0.167) (0.094) (0.015)

Population -0.033∗∗∗ -0.024∗∗ -0.021∗∗∗ -0.047∗∗ -0.136 -0.014∗∗∗
(0.011) (0.010) (0.005) (0.024) (0.160) (0.003)

Young HH 0.003 -0.005 0.004 -0.003 -0.003 0.005∗∗∗
(0.004) (0.004) (0.003) (0.005) (0.004) (0.001)

Unemployment -0.001 -0.000 -0.000 0.003 -0.000 -0.000
(0.001) (0.000) (0.000) (0.015) (0.000) (0.000)

Year FE Yes Yes Yes Yes Yes Yes
Zip code FE Yes Yes Yes Yes Yes Yes
Durbin-Wu-Hausman test 0.00 0.03 0.09 0.00 0.05 0.82
First stage F stat. 22.54 10.59 14.97 12.98 15.30 32.46
Obs. 10,322 10,010 10,022 10,310 9,638 10,694

Notes: log(green votes) is the dependent variable. Standard errors clustered at themunicipality level in parenthesis.
Estimation by two stage least squares. The local adoption rate ofwindpower is considered endogenous. Instruments
based on expected revenues of a WT according to the reference yield model. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.
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5.3 WTs and voter turnout

The reduction we observe for Green party votes may either be caused by a reallocation of votes

to other parties or a general disenchantment with politics. Therefore, in an additional analysis,

we investigate the effect of local exposure to WTs on election outcomes for the Green party to

its effect on voter turnout in general. In our observation period, voter turnout is on average

69.5 percent.33 We find that voter turnout decreases by approximately 5 percent whenWTs are

installed in a municipality as shown in Column (1) of Table 9. This results suggests a negative

effect on political involvement in general besides the negative effects of WTs on support for

RE. In absolute terms, the estimated decrease in voter turnout is roughly 3.3 percentage points

which exceeds the reduction in the share of votes for the Green party (1 percentage point) as

a comparison of level-level estimations suggests (Columns (2) and (3)). This indicates that the

negative effect of exposure to WTs on political involvement is not limited to partisans of the

Green party but also applies across the political spectrum. Although we do not investigate the

sources and potential mechanisms of the effect on voter turnout, our results are consistent with

a general disenchantment with politics resulting from a negative perception of RE policies on

the federal level as an apparent explanation.34

Table 9: Effect of the number of WTs on voter turnout

(1) (2) (3)
log(voter tunrout) voter turnout green votes

No. WPS within municipality -0.054∗∗∗ -3.308∗∗∗ -0.938∗∗∗
(0.009) (0.604) (0.291)

Population -0.006∗∗ -0.388∗∗ -0.140∗∗∗
(0.003) (0.151) (0.039)

Young HH -0.002∗∗∗ -0.151∗∗∗ -0.078∗∗∗
(0.000) (0.018) (0.013)

Unemployment -0.000∗∗∗ -0.023∗∗∗ -0.006∗∗∗
(0.000) (0.007) (0.002)

Year FE Yes Yes Yes
Municipality FE Yes Yes Yes
Durbin-Wu-Hausman test 0.00 0.00 0.00
First stage F stat. 29.57 29.57 29.57
Obs. 20,332 20,332 20,332

Notes: Standard errors clustered at the municipality level in parenthesis. Estimation by two stage least squares.
The local adoption rate of wind power is considered endogenous. Instruments based on expected revenues of aWT
according to the reference yield model. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.

3369.3 percent in 2009 and 69.7 percent in 2013.
34Stokes (2016) suggests that impacts from WTs on voter turnout could be positive due to new voters rallying

against governments responsible for wind power expansion. However, for the case of Ontario, Canada, there is
only limited evidence of such an effect.
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5.4 The effect of the first WTs

6,011 out of the 8,039 zip codes in the data had no WTs installed by 2011 and at least one WT

was installed in 303 of those zip codes by 2014. Similarly, 8,075 out of the 10,003 municipalities

did not have a single WT in 2009 but at least one WT had been installed in 425 of them by 2013.

One may expect the negative perception of WTs to be higher when the first WT is installed

compared, say, to areas that already featured four WTs and where a fifth is added.

We now examine the effect of WTs on public support for the energy transition differs in

these areas. We do this by estimating the specifications from Column (1) in Tables 4 and 7

after excluding all regions that already had at least one WT at the beginning of the observation

period. The results are reported in Tables A6 and A10 in the Appendix and suggest that the

effect is indeed substantially larger for the firstWTs built in a region. For the RE tariff preference

measure we find that installing the firstsWTs in a zip code reduces the share of RE tariff queries

by as much as 91 percent, suggesting that people in these areas then almost entirely dismiss

RE tariffs.35 Similarly, votes for the Green party drop by 48 percent in municipalities that had

no WTs in 2009 but at least one in 2013, as compared to municipalities that remained without

any WT until at least 2013.36 It has to be noted that the exclusion of locations that already had

WTs in 2009 and 2011, respectively, substantially decreases variation in the data and by this

reduces the power of our instrument. This results in a rather low first-stage F-statistic of 8.2

and 5.9, respectively. This suggests that the estimates may suffer from a bias in the range of

10 percent to 15 percent according to the respective critical values of Stock and Yogo, which

are 8.68 and 5.33. However, even in the light of this consideration the effect of the first WTs

remains substantially larger.

5.5 Other elections

So far we have focused on how WTs affect the local voting behavior at federal elections. This

appears reasonable as the course of the energy transition is basically set at the federal level.

In principle, one could also think about having a deeper look at outcomes of local elections.

However, the political landscape and the role of the Green Party is very different here in that

independent local initiatives by committed citizens – so called “independent voters’ associa-

354−2.483 − 1.
364−0.667 − 1.
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tions” – often dominate the major parties.37. These are mostly locally orientated and highly

heterogeneous in their political stance. The Green party in turn does not even run candidates

for the municipal council in 66 percent of the German municipalities.38. This precludes the

analysis of the effect of WTs on election outcome at local elections.

However, it is possible to assess the impact WTs have on election outcomes at the elections

to the European Parliament (EP). These elections are commonly perceived as second-order

elections and often misused as protest votes. Putting it differently, long-term loyalties toward

one political party may be reluctant to vote for another party at first-order elections such as

federal elections but may still signal dissatisfaction with their party in second-order elections.

In line with this hypothesis we find an even larger negative effect of WTs on the election

outcomes of the Green party at EP elections as shown Columns 1 and 2 in Table 10.

The perceived lower importance of EP elections becomes apparentwhen looking at the voter

turnout which was as low as 43% in the 2009 EP elections and 48% in the 2014 EP elections as

compared to 71% in the 2009 German federal elections and 72% in the 2013 German federal

elections. The protest vote character of EP elections is also reflected in an substantial increase

in voter turnout in municpalities that get exposed to nearby WTs as can be seen in Columns

3 and 4 of Table 10. Notably, only a small share of the increase in voter turnout due to new

WTs goes to major parties as our estimates in Columns 5 and 6 of Table 10 reveal while the

majority of protest votes goes to protest parties or even right-wing populist parties such as the

Alternative for Germany (AFD).

37In the state of Baden-Württemberg for instance, independent voter groupsmake up 44 percent of themunicipal
councils.

38In addition, – partly as a result of the fierce competition with and the heterogeneity of such independent voter
groups – the positions of the same party may vary substiantially across states and municipalities and may also
deviate from its position at the federal level.
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Table 10: Effect of the number of WTs on election outcomes for the Green party and voter
turnout - European Parliament elections

(1) (2) (3) (4) (5) (6)
log(green votes) green votes log(voter tunrout) voter turnout log(share major parties) share major parties

No. WPS within municipality -0.277∗∗∗ -2.674∗∗∗ 0.318∗∗∗ 13.887∗∗∗ 0.046∗∗∗ 2.821∗∗∗
(0.064) (0.538) (0.056) (2.414) (0.010) (0.673)

Population 0.002 -0.031 -0.005 -0.212 0.001 0.039
(0.012) (0.108) (0.013) (0.542) (0.002) (0.129)

Young HH 0.008∗∗∗ 0.017 -0.005∗∗∗ -0.194∗∗∗ 0.000 0.017
(0.002) (0.012) (0.001) (0.048) (0.000) (0.015)

Unemployment -0.001 -0.079 -0.000 0.070 0.001 0.019
(0.005) (0.050) (0.005) (0.198) (0.001) (0.054)

Year FE Yes Yes Yes Yes Yes Yes
Municipality FE Yes Yes Yes Yes Yes Yes
Durbin-Wu-Hausman test 0.00 0.00 0.00 0.00 0.00 0.00
First stage F stat. 17.76 17.76 17.76 17.76 17.76 17.76
Obs. 19,678 19,678 19,678 19,678 19,678 19,678

Notes: Standard errors clustered at the municipality level in parenthesis. Estimation by two stage least squares.
The local adoption rate of wind power is considered endogenous. Instruments based on expected revenues of aWT
according to the reference yield model. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.

5.6 Placebo analysis

Finally, we conduct a placebo test to ensure that our results are not caused by random chance.

We do this by randomly assigning the WTs jointly with our instrument to another zip code or

municipality, but in the same year. For instance, theWTdata and the corresponding instrument

in zip code 8 in the years 2011 to 2014 are randomly assigned to zip code 9 for the corresponding

years. In this way, we ensure that the instrument still identifies the WT expansion to the same

extent as in the original specification, while the WTs should no longer affect preferences for RE

electricity tariffs and election outcomes for the Green party as the assignment of WTs to the

dependent variable is now random.39

We then run our baseline specifications as in Column (1) of Tables 4 and 7, respectively, and

store the coefficient as well as the p-value of the WT variable. We repeat this procedure 1, 000

times. Figures 9 and 10 show the distribution of the resulting placebo coefficients and their

p-values. The vertical lines represent the actual coefficient and its p-value from Column (1) in

Table 4 and Table 7, respectively.

Figure 9 illustrates the placebo distributions for the RE tariff preferences. The placebo

coefficients are centered around zero (the mean is 0.00) and their p-values have a mean of 0.49

and exceed the 10 percent level in 90 percent of cases.40 As by construction, the first-stage F-

statistic remains at around 60, suggesting that the instrument still identifies the WT parameter.

Also, as one would expect for the placebo tests, the exogeneity hypothesis is no longer rejected

39We keep the socio-economic control variables in their original location. However, the placebo tests do not
change if they are randomized along with the WTs.

40The WT coefficient from Column (1) in Table 4 is -0.56 and the corresponding p-value is 0.00.

30



by the Durbin-Wu-Hausman test which gives a mean p-value of 0.49. In sum, the placebo

results suggest that the installation of WTs in a random zip code 9 do not affect preferences for

RE tariffs in zip code 8.

Figure 9: Distribution of the WT coefficients and their p-values in the placebo tests for the
number of WT on RE tariff queries

Notes: Red vertical lines show the values from the original estimation and the black line presents a normal
distribution.

The placebo test gives similar findings for the analysis of election outcomes for the Green

party as shown in Figure 10. Again, we find that p-values are on average close to random

chance (the mean is 0.52) while the coefficients are centered around zero (the mean is 0.00).41

Once again, the first-stage F-statistics remain at the original level suggesting that the instrument

still identifies the WTs in the placebo regressions. Also, the exogeneity hypothesis is again not

rejected in the placebo test by the Durbin-Wu-Hausman test which gives a mean p-value of

0.50. As before, the placebo tests suggest that WTs in a random zip code 9 do not affect voting

behavior in zip code 9.

41The coefficient of theWT coefficient from Column (1) in Table 7 is -0.196 and the corresponding p-value is 0.00.
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Figure 10: Distribution of the WT coefficients and their p-value in the placebo tests for the
number of WT on election outcomes for the Green party

Notes: Red vertical lines show the values from the original estimation and the black line presents a normal
distribution.

Summed up, the distribution of the coefficients and their p-values are close to random

chance in both placebo tests, which strengthens the confidence in our main findings.

6 Financial participation and public support

Our results point to a significant negative effect ofWTs on public support. In the public debate,

financial participation is often seen as a measure to mediate these negative effects by (partly)

compensating for the experienced disamenities. For the case of solar photovoltaic, financial

participation in the energy transition may indeed increase the general support for renewable

energy as shown by Comin and Rode (2015).

One way of financial participation is to transfer part of the revenue stream from wind

power plants to affected communities. In principle, existing local taxes can fulfill such a

role. For example, the profits of wind power plants are subject to commercial taxes raised by

municipalities. However, if the company operating the WT is not headquartered in the same

area as the WT is located, the tax base is divided across the different regions. Before 2009

this division was based on the labour cost share of the company in each region. Given that

WTs – once operational – do only incur minimal labour costs, the regions with WTs often did

not gain much. This changed in 2009 when special rules for commercial taxes from WTs were

introduced with the goal to increase commercial tax revenues of the municipality in which the
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WTs are located. These new rules limit the division based on labour costs to only 30 percent,

while the remaining 70 percent is allocated based on the book value of tangible fixed assets.

Similar to Langenmayr and Simmler (2017), we find that lagged wind power expansion

positively correlates with the local commercial tax base in our sample from 2009 to 2015 as can

be seen in Table 11.42 Since new WTs can only contribute to commercial taxes from the year

after they have been installed, we lag the number of wind plants by one year. Furthermore, we

account for regional and time-constant effects by includingmunicipality and year fixed effects43

Table 11: Local commercial tax base and WTs

(1)
commercial tax base

L.No. WTs within municipality 8.347∗∗
(4.071)

Year FE Yes
Municipality FE Yes
Obs. 72,878

Notes: Standard errors clustered at the municipality level in parenthesis. Commercial tax base is tax revenues
divided by tax rate and is denoted in thousand euro. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.

To investigate whether the increase in tax revenues relates to changes in local support, we

split the sample at the median of the commercial tax base of municipalities44 and estimate the

same regressions as in our main specifications. For RE electricity tariffs, the negative effect is

smaller in areas with a higher commercial tax base (Columns 1 and 2 in Table 12). For green

voting, the negative effect is only statistically significant in areas with a lower commercial tax

base (Columns 3 and 4 in Table 12). Overall, the results are consistent with the rationale that

higher local tax revenues may mediate some of the WTs negative impacts on public support.

42We use the tax base instead of tax revenues since the tax base accounts for differential commercial tax rates
set by the municipalities. Local governments may change these tax rates in response to wind power expansion as
shown by Langenmayr and Simmler (2017).

43We trim the top 0.5% of commercial tax base values to address our estimates being influenced by outliers.
Point coefficients are in a similar range, when trimming other parts of the data (up to top 5%) or using untrimmed
data.

44For the analyses of search requests on the zip code level, we use the commercial tax base of the municipality
that is associated to the respective zip code where possible.
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Table 12: Effect of the number of WTs on public support differentiated by low and high
local commercial tax base

log(first query) log(green votes)

low high low high
(1) (2) (3) (4)

No. WTs within zip code -0.850∗∗∗ -0.364∗∗∗ -0.235∗∗ 0.007
(0.235) (0.122) (0.112) (0.015)

Population 0.114∗ 0.003 -0.137 -0.011∗∗∗
(0.067) (0.031) (0.109) (0.004)

Young HH -0.028 -0.010 0.001 0.005
(0.019) (0.012) (0.003) (0.003)

Purchasing power -0.012 0.010
(0.014) (0.009)

Unemployment 0.000 0.004
(0.000) (0.004)

Year FE Yes Yes Yes Yes
Region FE Yes Yes Yes Yes
Durbin-Wu-Hausman test 0.00 0.00 0.03 0.81
First stage F stat. 19.70 29.41 12.00 34.21
Obs. 13,251 13,252 9,632 10,082

Notes: Standard errors clustered at the municipality and zip code level in parenthesis, respectively. Estimation by
two stage least squares. The local adoption rate of wind power is considered endogenous. Instruments based on
expected revenues of a WT according to the reference yield model. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.

7 Conclusion

Climate scenarios suggest that mitigating global climate change requires substantial expansion

of renewable energy and in particular wind power in the upcoming decades. This, in turn,

crucially relies on public acceptance and support for RE. Though the vast majority states to

support renewable energy, this is often challenged by “not-in-my backyard” opposition. This

phenomenon is well known in the context of wind power and presents a serious obstacle for

the energy transition’s success.

In this paper, we estimate the impact of increasing wind power exposure on public support

for renewable energy using Germany as a case study. We apply two measures for public

support: local preferences for renewable energy electricity tariffs and election outcomes for

the Green party. For the first measure, we find that search queries for renewable energy tariffs

made on price comparisonwebsites drop by around 43 percentwhen awind turbine is installed

in the zip code. Similarly, we find that votes for the Green party in German federal elections

decrease by about 18 percent with each new wind turbine in a municipality. These findings

indicate that even strong and active proponents of renewable energy significantly reduce their

support when they are exposed to nearby wind turbines. Last but not least, we find that

exposure to wind turbines also negatively affects voter turnout across the political spectrum.
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From a policy point of view, our results emphasize the importance of bringing society

on board to achieve climate targets. Since we find that negative effects of wind turbines on

public support of renewable energy decrease with distance, enforcing minimum distances to

populated areas may be one way to sustain public support for the energy transition. However,

our results suggest that even at distance larger than 1km – which is the minimum distance

currently debated in Germany – there are economically meaningful negative effects on public

support. Furthermore, enforcing even larger minimum distances could then potentially lower

the potential to build newwind turbines onshore evenmore. Alternatively, financial incentives

for residents living close to wind turbines could be increased through distributing a revenue

share from local wind power projects to residents. Although current local benefits from wind

turbines are less direct andmore direct approaches are debated constantly, wefind that negative

effect of WTs are smaller in areas with a larger commercial tax base. As we also find that wind

energy expansion significantly increases local commercial taxes, our results may indicate that

larger financial benefits from wind projects could expand local public support.
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A Appendix

A.1 Additional tables

Table A1: First-stage regression for the RE tariff query analysis

(1) (2)
No. WT within zip code Cap. WT within zip code

Expected revenue of a WT 0.652∗∗∗ 1.618∗∗∗
(0.102) (0.282)

Ineligible ×Wind potential 0.148∗∗∗ 0.360∗∗∗
(0.018) (0.048)

Population -0.048∗∗ -0.117∗∗
(0.024) (0.059)

Young HH -0.006 -0.012
(0.005) (0.014)

Purchasing power -0.007 -0.022∗
(0.004) (0.012)

Year FE Yes Yes
Zip code FE Yes Yes
Obs. 31,913 31,913

Notes: Standard errors clustered at the zip code level in parenthesis. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.
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Table A2: Effect of the number of WTs on queries for RE tariffs – controlling for land
prices and network charges

(1) (2)
log(first query) log(first query)

No. WT within zip code -0.527∗∗∗
(0.120)

Cap. WT within zip code -0.217∗∗∗
(0.051)

Population 0.023 0.024
(0.024) (0.024)

Young HH -0.022∗∗ -0.022∗∗
(0.010) (0.011)

Purchasing power 0.002 0.001
(0.008) (0.008)

Land prices -0.045 -0.028
(0.138) (0.138)

Grid charges per-unit component 0.065∗∗ 0.070∗∗∗
(0.026) (0.026)

Grid charges fix component -0.003 -0.003
(0.002) (0.002)

Year FE Yes Yes
Municipality FE Yes Yes
Durbin-Wu-Hausman test 0.00 0.00
First stage F stat. 45.26 39.17
Obs. 27,586 27,586

Notes: Standard errors clustered at the zip code level in parenthesis. Estimation by continuous-updating GMM.
The local adoption rate of wind power is considered endogenous. Instruments based on expected revenues of aWT
according to the reference yield model. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.
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Table A3: Effect of the number of WTs on queries for RE tariffs – OLS estimations

(1) (2)
log(first query) log(first query)

No. WT within zip code -0.026∗∗∗
(0.009)

Cap. WT within zip code -0.008∗∗
(0.003)

Population 0.057∗∗∗ 0.057∗∗∗
(0.018) (0.018)

Young HH -0.009 -0.009
(0.009) (0.009)

Purchasing power 0.007 0.007
(0.007) (0.007)

Year FE Yes Yes
Zip code FE Yes Yes
Obs. 31,913 31,913

Notes: Standard errors clustered at the zip code level in parenthesis. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.
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Table A4: Effect of the number of WTs on queries for RE tariffs – PPML estimation with
control function

(1) (2)
first query first query

No. WT within zip code -0.483∗∗∗
(0.073)

Cap. WT within zip code -0.203∗∗∗
(0.031)

Population 0.103∗∗∗ 0.103∗∗∗
(0.023) (0.023)

Young HH -0.010 -0.010
(0.009) (0.009)

Purchasing power -0.004 -0.005
(0.007) (0.007)

Control function 0.470∗∗∗ 0.199∗∗∗
(0.073) (0.031)

Year FE Yes Yes
Municipality FE Yes Yes
Obs. 31,560 31,560

Notes: Standard errors clustered at the zip code level in parenthesis. The local adoption rate of wind power
is considered endogenous. Estimation by PPML with control function inclusion for endogeneity. . ∗∗∗? < 1%,
∗∗? < 5%, ∗? < 10%.
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Table A5: Effect of the installed capacity of WTs on queries for RE tariffs
(1) (2) (3) (4) (5) (6)

log(first query) log(first query) log(first query) log(first query) log(first query) log(first query)

Cap. WT within zip code -0.238∗∗∗
(0.048)

Cap. WT within 1km -0.948∗∗∗
(0.231)

Cap. WT within 3km -0.300∗∗∗
(0.062)

Cap. WT within 5km -0.163∗∗∗
(0.033)

Cap. WT within 10km -0.041∗∗∗
(0.008)

Cap. WT within 20km -0.011∗∗∗
(0.002)

Population 0.020 0.041∗ 0.017 0.028 0.047∗∗ 0.047∗∗
(0.023) (0.024) (0.025) (0.022) (0.020) (0.020)

Young HH -0.014 -0.007 -0.010 -0.011 -0.016 -0.020∗
(0.010) (0.012) (0.011) (0.011) (0.011) (0.010)

Purchasing power 0.003 -0.008 -0.002 -0.003 -0.002 -0.003
(0.008) (0.010) (0.008) (0.009) (0.008) (0.008)

Year FE Yes Yes Yes Yes Yes Yes
Zip code FE Yes Yes Yes Yes Yes Yes
Durbin-Wu-Hausman test 0.00 0.00 0.00 0.00 0.00 0.00
First stage F stat. 48.39 18.08 38.35 41.14 44.46 44.35
Obs. 31,913 31,913 31,913 31,913 31,913 31,913

Notes: Standard errors clustered at the zip code level in parenthesis. Estimation by two stage least squares. The
local adoption rate of wind power is considered endogenous. Instruments based on expected revenues of a WT
according to the reference yield model. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.
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Table A6: Effect of the first WTs on queries for RE tariffs – estimations on a sample
excluding areas that already had WTs at the beginning of the observation period

(1) (2)
log(first query) log(first query)

No. WT within zip code -2.483∗∗∗
(0.776)

Cap. WT within zip code -1.025∗∗∗
(0.332)

Population -0.022 -0.013
(0.051) (0.051)

Young HH -0.014 -0.014
(0.015) (0.017)

Purchasing power -0.007 -0.013
(0.013) (0.014)

Year FE Yes Yes
Zip code FE Yes Yes
Durbin-Wu-Hausman test 0.00 0.00
First stage F stat. 8.20 7.16
Obs. 23,893 23,893

Notes: Standard errors clustered at the zip code level in parenthesis. Estimation by two stage least squares. The
local adoption rate of wind power is considered endogenous. Instruments based on expected revenues of a WT
according to the reference yield model. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.
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Table A7: Effect of the number of WTs on election outcomes for the Green party – OLS
estimations

(1) (2)
log(green votes) log(green votes)

No. WPS within municipality 0.004
(0.003)

Cap. WPS within municipality 0.002
(0.001)

Population -0.018∗∗∗ -0.018∗∗∗
(0.002) (0.002)

Young HH -0.001 -0.001
(0.003) (0.003)

Unemployment -0.000 -0.000
(0.000) (0.000)

Year FE Yes Yes
Municipality FE Yes Yes
Obs. 20,332 20,332

Notes: Standard errors clustered at the municipality level in parenthesis. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.
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Table A8: Effect of the installed capacity of WTs on election outcomes for the Green party

(1) (2) (3) (4) (5) (6)
log(green votes) log(green votes) log(green votes) log(green votes) log(green votes) log(green votes)

Cap. WPS within municipality -0.103∗∗∗
(0.031)

Cap. WPS within 1km -0.124∗∗∗
(0.037)

Cap. WPS within 3km -0.043∗∗∗
(0.012)

Cap. WPS within 5km -0.018∗∗∗
(0.005)

Cap. WPS within 10km -0.005∗∗∗
(0.002)

Cap. WPS within 20km -0.002∗∗∗
(0.000)

Population -0.028∗∗∗ -0.017∗∗∗ -0.021∗∗∗ -0.019∗∗∗ -0.022∗∗∗ -0.023∗∗∗
(0.008) (0.004) (0.004) (0.003) (0.005) (0.005)

Young HH -0.001 -0.002 -0.002 -0.002 -0.002 -0.001
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)

Unemployment -0.001 -0.000 -0.000 -0.000 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Year FE Yes Yes Yes Yes Yes Yes
Municipality FE Yes Yes Yes Yes Yes Yes
Durbin-Wu-Hausman test 0.00 0.00 0.00 0.00 0.00 0.00
First stage F stat. 20.33 25.85 28.34 23.91 22.19 22.28
Obs. 20,332 20,332 20,332 20,332 20,332 20,332

Notes: Standard errors clustered at the municipality level in parenthesis. Estimation by two stage least squares.
The local adoption rate of wind power is considered endogenous. Instruments based on expected revenues of aWT
according to the reference yield model. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.
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Table A9: Effect of the number of WTs on election outcomes for the Green party – PPML
estimation with control function

(1) (2)
green votes green votes

No. WPS within municipality -0.146∗∗∗
(0.031)

Cap. WPS within municipality -0.076∗∗∗
(0.016)

Population -0.024∗∗∗ -0.024∗∗∗
(0.003) (0.003)

Young HH -0.002 -0.002
(0.002) (0.002)

Unemployment -0.000 -0.000
(0.000) (0.000)

Control function 0.148∗∗∗ 0.077∗∗∗
(0.031) (0.016)

Year FE Yes Yes
Municipality FE Yes Yes
Obs. 20,322 20,322

Notes: Standard errors clustered at the municipality level in parenthesis. The local adoption rate of wind power is
considered endogenous. Estimation by PPMLwith control function inclusion for endogeneity. ∗∗∗? < 1%, ∗∗? < 5%,
∗? < 10%.
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Table A10: Effect of the first WTs on election outcomes for the Green party – estimations on
a sample excluding areas that already had WTs at the beginning of the observation period

(1) (2)
log(green votes) log(green votes)

No. WPS within municipality -0.622∗∗
(0.256)

Cap. WPS within municipality -0.388∗∗
(0.195)

Population -0.035 -0.041
(0.023) (0.034)

Young HH 0.000 -0.001
(0.003) (0.004)

Unemployment -0.000 -0.000
(0.001) (0.001)

Year FE Yes Yes
Municipality FE Yes Yes
Durbin-Wu-Hausman test 0.01 0.00
First stage F stat. 6.27 3.06
Obs. 16,424 16,424

Notes: Standard errors clustered at the municipality level in parenthesis. Estimation by two stage least squares.
The local adoption rate of wind power is considered endogenous. Instruments based on expected revenues of aWT
according to the reference yield model. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.
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B The effect of WTs on the willingness-to-pay for RE tariffs

In this paper we have analyzed the effect of nearby WTs on public support for RE based

on two measures. One was the preference for RE tariffs which we computed as the share of

households that ticked the box “showgreen tariffs only”when searching for electricity tariffs on

price comparison websites. This measure has the advantage that it reveals general preferences

for RE without being biased by monetary aspects (compared to actual supplier switches). In

this brief extension we additionally analyze how nearbyWTs affect people’s willingness-to-pay

(WTP) for RE electricity tariffs. The underlying data used here are theEval-Mapdata.45 The data

come from two stated-preferences surveys conducted by RWI - Leibniz Institute for Economic

Research and ZEW - Leibniz Centre for European Economic Research in 2013 and 2015.

Inter alia, respondents were asked about their willingness to pay for a premium for electric-

ity generated from 100 percent renewable energy sources, assuming that electricity generated

exclusively from the fossil fuel sources coal, gas and oil costs e100.46 We combine the survey

data with data on wind turbines (WTs) per zip code for the same years. The respondents

indicated widely ranging WTPs up to e2000. This may put some doubt on the quality of

responses.47 To improve the chances of only including serious valuations, we therefore restrict

the data and only keep values of up to e100 (or a 100 percent premium for RE electricity).

We then estimate some simple linear regressions of the form

,)%9C = �1,)8C + X′9C�2 + �9 + �C + �9C , (B1)

where WTP is the willingness to pay for 100 percent RE electricity and WT is the number or

capacity of wind turbines in zip code 8 in year C. Subscript 9 is either a household ID or a zip

code ID (in the latter case 9 = 8), depending on the specification of the fixed effects. Vector X

contains control variables for age, gender and university degree used in the estimations with

zip code fixed effects. Due to multicollinearity it remains empty when we apply household

fixed effects.48 We run regressions with both type of fixed effects as the households only partly

45Eval-MAP – Evaluating Climate Mitigation and Adaptation Policies.
46In the 2015 survey wave the question was slightly different in that the baseline electricity mix also included

25 percent of RE generation. To correct for this we multiply the stated WTP in 2015 by 0.75. However, the results
only change marginally without this correction.

47Respondents were also asked about the certainty of their response. However, this did not change the outcomes
too much and WTP still ranged up to e1,600.

48Note that endogeneity is not a concern here as these are individual level data.
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overlapped in the two survey waves. Thus, only focusing on household fixed effects would

cause a substantial loss of observations.

The results are shown in Table B1a. Columns (1) reports the results from a model with

household fixed effects, Column (2) reports those from a model with zip code fixed effects,

which suggests that a new WT in a zip code reduces the inhabitants WTP for RE electricity

by 16-19 percent.49 Column (3) and (4) are similar, but report results of the effect of installed

wind power capacity (in GW) in a zip code instead of the sheer number of WTs. Table B1b

replicates Table B1a, but is estimated by Poisson Pseudo-Maximum Likelihood. The results

in all specifications suggest a significant decrease in the WTP for RE electricity when a WT is

installed nearby. This finding points towards a negative effect of nearby WTs on local social

willingness to support RE and adds further support to our findings in the main paper.

Table B1a: Effect of nearby WTs on the willingness-to-pay for RE tariffs

(1) (2) (3) (4)
log(wtp) log(wtp) log(wtp) log(wtp)

No. WPSs within zip code -0.206∗∗∗ -0.168∗∗∗
(0.062) (0.065)

Cap. WPSs within zip code -0.087∗∗∗ -0.065∗∗∗
(0.024) (0.022)

Age -0.007∗∗∗ -0.007∗∗∗
(0.002) (0.002)

Female 0.085∗ 0.085∗
(0.048) (0.048)

University degree 0.040 0.040
(0.065) (0.065)

Year FE Yes Yes Yes Yes
Household FE Yes No Yes No
Zip code FE No Yes No Yes
R2 0.57 0.38 0.57 0.38
Obs. 468 3,730 468 3,730

Notes: Standard errors clustered at the household level (Columns (1) and (3)) or zip code level (Columns (2) and
(4)) in parenthesis. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.

494−0.206 − 1 and 4−0.169 − 1.
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Table B1b: Effect of nearbyWTs on the willingness-to-pay for RE tariffs – PPML estimation

(1) (2) (3) (4)
wtp wtp wtp wtp

No. WPSs within zip code -0.111∗ -0.081∗
(0.059) (0.042)

Cap. WPSs within zip code -0.042∗ -0.027∗
(0.022) (0.014)

Age -0.003∗∗∗ -0.003∗∗∗
(0.001) (0.001)

Female -0.008 -0.008
(0.020) (0.020)

University degree 0.012 0.012
(0.026) (0.026)

Year FE Yes Yes Yes Yes
Household FE Yes No Yes No
Zip code FE No Yes No Yes
Obs. 462 3,722 462 3,722

Notes: Standard errors clustered at the household level (Columns (1) and (3)) or zip code level (Columns (2) and
(4)) in parenthesis. ∗∗∗? < 1%, ∗∗? < 5%, ∗? < 10%.
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