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Abstract

Wind turbines offer significant environmental benefits but also create negative local
externalities, such as noise and visual pollution, which can lead to local tensions and
community resistance against the energy transition. This paper examines negative
and positive externalities associated with wind turbine siting in Germany. Utilizing
an instrumental variables approach, we find that wind turbine siting decreases house
purchase prices by 1.9% in affected municipalities, with this adverse effect being most
pronounced for the first turbines installed. Additionally, the siting of wind turbines
reduces local tourism, apartment rents, and leads to fewer building permits being
issued for apartments and houses, exacerbating existing housing shortages. On the
positive side, each installed wind turbine increases a municipality’s local tax capacity
by 1.8% through higher commercial tax revenues. Our findings suggest that the neg-
ative externalities can be mitigated by investing the increased tax revenue into local
amenities and public services, thereby compensating for the adverse effects of wind
turbines.
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1 Introduction

The transition from conventional thermal power plants to decentralized renewable en-
ergy sources is a key challenge in achieving the climate ambitions of developed countries.
While most renewable energy technologies, including biomass, biogas, and hydropower,
have limited deployment potential in Europe, wind and solar power offer much greater
potential. However, unlike conventional large-scale power plants, wind and solar instal-
lations are significantly smaller and often sited in more remote areas.

Despite the significant benefits of abating greenhouse-gas emissions and local pol-
lutants, the construction of wind turbines sometimes faces local opposition, commonly
referred to as the ‘Not In My BackYard” (NIMBY) syndrome (Van Der Horst, 2007). That
is, people generally support the deployment of renewable energies, but within their vicin-
ity, they do not want to endure the associated negative local externalities. In this regard,
the literature documents adverse health effects related to living in proximity to wind tur-
bines, via noise and visual pollution (Ata Teneler and Hassoy, 2023; Knopper and Ollson,
2011), which negatively influence households’ well-being (Krekel and Zerrahn, 2017).

In this paper, we empirically assess these externalities by examining the induced vari-
ations in house prices and related outcomes in Germany. If local disamenities, such as
noise and visual pollution of landscapes, are indeed perceived negatively by households,
the deployment of new wind turbines should lead to a decrease in housing prices. Mea-
suring this effect is particularly interesting because NIMBYism can hinder the deployment
of wind turbines and, consequently, the replacement of polluting power plants. Quanti-
fying the effect of wind turbines on house prices enables the implementation of targeted
compensation measures to mitigate the impact on affected local communities. Addition-
ally, assessing the heterogeneity of this effect can guide the strategic placement of future
wind turbines. We focus on Germany, which serves as an excellent case study for an ex-
post evaluation due to its leading and pioneering role in the deployment of wind energy.

We utilize a unique dataset combining house prices and the number and capacity of
wind turbines in German municipalities between 2008 to 2017. A key challenge in identi-
fying the causal effect of wind turbine proximity on house prices is the potential reverse
causality, because property prices in a municipality may also determine wind turbine

investments. This could be, for example, that investors may construct wind turbines in



cheaper areas. To circumvent a potential endogeneity bias, our analysis leverages vari-
ation in the deployment of wind turbines, induced by changes in the government’s in-
centive scheme, which determines the revenue of a wind turbine investment. Using this
instrument, we can causally identify the effect of interest.

Our principal finding is that wind turbine placements negatively affect house prices
within their proximity. We find that a wind turbine placement reduces the average house
price in a municipality by 1.9%. However, the effect is not linear. Our estimates indicate
that the initial wind turbine placements have a significantly large effect of -5.5% on house
prices, whereas the effects of additional wind turbines in areas already populated with
other wind turbines are statistically insignificant.

Moreover, we find that wind turbine siting not only depresses house prices but also
affects apartment rents and hotel overnight stays, highlighting that the negative external-
ities extend to other outcomes as well. This latter effect suggests that the negative exter-
nalities of wind turbines are experienced not only by local residents but also by tourists.
Additionally, we show that the number of building permits for apartments and houses
issued by a municipality falls in response to wind turbine siting. This suggests a trade-off
between allocating new land parcels for building new houses and apartments or for wind
turbine siting. Therefore, policymakers should account for these negative impacts in their
cost-benefit analyses when making decisions about wind power deployment.

Besides estimating the adverse effects of wind turbine investments, we also demon-
strate that the number of wind turbines and the size of wind turbines significantly in-
crease a municipality’s tax income. Hence, in addition to their environmental benefits,
wind turbines provide positive impacts on municipal finances, which help mitigate the
negative externalities of visual and noise pollution. Municipalities may use the additional
tax income to invest in local infrastructure, such as child care, medical and educational ser-
vices, public transportation, and recreational facilities, to alleviate the local adverse effects
of wind turbine sitings. Such targeted investments could help, ceteris paribus, increase
housing prices and attract tourism.

This study contributes to the understanding of the local impacts of wind energy de-
ployment. As we discuss in more detail in Sections 2.2 and 2.3, several studies investigated
the effect of wind turbine deployment on land or housing prices. Among them are Jarvis

(2025) and Gibbons (2015) for Great Britain, Droes and Koster (2016) and Droées and



Koster (2021) for the Netherlands, Sunak and Madlener (2016) and Sunak and Madlener
(2017) for the German state North-Westphalia, and Quentel (2023) for Germany. These
studies nd negative e ects of wind turbine proximity on housing or property prices,
whereas the e ects vary greatly. Yet, some papers nd no signi cant e ect or in some
occasions even a positive e ect, depending on the context, as summarized in a literature
review by Parsons and Heintzelman (2022). Hence, an often made assumption that there
is necessarily a negative e ect of wind turbine deployment, regardless of the context, can
lead to poor policy decisions.

In contrast to previous studies, this paper o ers several new contributions. We com-
bine multiple detailed datasets covering the entire country of Germany over a ten-year pe-
riod (2008 2017), including crucial socioeconomic data. Beyond estimating the adverse
e ects of wind turbine proximity on house prices, we also examine impacts on apart-
ment rents, hotel overnight stays, and building permits. Additionally, we show that wind
turbines generate scal bene ts for municipalities through increased commercial tax rev-
enues. A key innovation is the estimation of a non-linear e ect, whereby the rst wind
turbine imposes the greatest negative externality. Furthermore, we apply a credible in-
strumental variables approach to identify the e ect of interest.

The rest of the paper is organized as follows. Section 2 provides a brief background on
wind power promotion in Germany and local opposition. Section 3 describes our data.
Section 4 outlines our empirical strategy. Section 5 presents the results and Section 5.3

provides robustness tests. Section 6 concludes.

2 Institutional background

In this section, we provide background information on the promotion and evolution of
wind power in Germany over the past 20 years. We also discuss the dilemma between
global bene ts related to the reduction of greenhouse gas emissions and local disameni-
ties, including visual and noise pollution. Finally, we review the literature assessing the

costs to local residents of wind turbines and our contribution.



2.1 Wind energy expansion in Germany

From the early 2000s onward, Germany has pursued a rapid expansion of onshore wind
power, driven by both its commitment to reduce CO ; emissions in the electricity sector
and its decision to phase out nuclear energy ( Atomausstied rst legislated in 2002 and
recon rmed in 2011 following Fukushima. Given Germany's comparatively high wind
resources and relatively modest solar irradiation, wind energy emerged as the predomi-
nant renewable technology promoted under successive Renewable Energy Sources Acts
(EEG) (Abrell et al., 2019).

Installed onshore capacity grew from just 6.1 GW in 2000 to 26.8 GW by 2010 and
reached 61 GW in 2023. Over the same period, wind's share of gross electricity consump-
tion climbed from 1.7 percent to 6.2 percent and ultimately to 22.4 percent in 2023 (Fig-
ure la b).  This tenfold increase re ects an average annual capacity addition of approx-
imately 2.5 GW, and continued growth is anticipated under the 2021 EEG amendment,
which targets a 65 percent renewables share by 2030 to achieve carbon neutrality by 2050

(IEA, 2024).

(a) Net nominal capacity and number of wind

; (b) Contribution of wind energy
turbines

Figure |I: Development of wind energy in Germany, 2000 2022
a) Aggregate installed wind power capacity and number of turbines based on the Market Master Data Register by
the German Federal Network Agency (BNetzA, 2024). b) Wind's share in gross electricity consumption based on data

from the German Federal Ministry for Economic A airs and Energy (BMWK, 2025). The shaded area marks the sample
period used in our analysis.

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

subsidization of renewable systems through legislated feed-in tari s (FIT). These tari s

1Solar power was the second-largest renewable source in 2023, contributing 12.2 percent of gross elec-
tricity consumption (BMWK, 2025).



ensured that operators of renewable power plants received a xed payment per MWh fed
into the grid, irrespective of market conditions. Additionally, renewable generators were
granted priority grid access, e ectively shielding them from dispatch competition with
conventional sources.

The level of the feed-in tari during our study period varied by technology, plant size,
and year of installation. FIT rates were administratively set based on estimated generation
costs and were granted for a xed duration of 20 years. Importantly, the tari valid at
the time of commissioning remained locked in for the full support period, making the
installation year critical for determining expected revenues.

A central design element of Germany's FIT system was the geographic di erentiation
of support levels for wind power through the so-called reference yield modeThis mech-
anism aimed to promote spatial di usion of wind turbines beyond the most favorable
sites, thereby alleviating regional grid congestion and smoothing aggregate output uctu-
ations. Under this model, each location's expected annual electricity output calculated
for a standardized reference turbine was divided by the legislatively de ned reference
yield, which re ected the output at a benchmark site with average wind conditions (5.5
m/s at 30 m height, surface roughness 0.1 m). The resulting yield ratio determined the
applicable tari schedule.

The tari schedule itself was composed of two phases: a high initial tari and a lower
base tari . While the initial tari was paid for at least ve years, the duration of this phase
was extended in low-wind locations. Speci cally, the extension period decreased with the
yield ratio, making projects in low-yield areas eligible for the higher payment for longer.
This design mitigated di erences in project pro tability across space. Yield ratios in our
data range from 0.3 to 2.2.

Until 2012, only sites with at least 60 percent of the reference yield were eligible for
FITs. From 2012 onward, eligibility was expanded nationwide. The 2014 EEG amend-
ment replaced xed FITs with the market premium modglinder which producers sell elec-
tricity directly on the spot market while receiving a premium to ensure minimum remu-
neration based on the location's yield ratio (Bundesministerium der Justiz und fur Ver-
braucherschutz, 2014). Although this change marks a shift in design, the core principle
of reference-yield-based compensation remained intact.

The 2017 EEG amendment marked a more fundamental reform by introducing com-



petitive auctions for large-scale wind and solar projects. However, a transitional provi-
sion allowed projects with existing permits, and commissioned by the end of 2018, to
remain eligible for the previous FIT regime (see Bundesministerium der Justiz und fur
Verbraucherschutz, 2017). As such, the reference yield system continued to determine

expected returns for turbines built in our analysis period.

Figure Il: Development of feed-in tari s for wind, 2005 2017

Own illustration based on data from the German Transmission
System Operators (2019). Figure also published in Germe-
shausen et al. (2023).

Figure Il illustrates how both the initial and base FIT rates changed over time. Several
EEG amendments between 2000 and 2017 adjusted tari levels, with most introducing
stepwise reductions. For example, the 2009 amendment temporarily raised the initial tari
by 17 percent to account for rising turbine costs due to increases in steel and copper prices
(Bottcher, 2010). In years without amendments, automatic annual digression applied.

We exploit both the cross-sectional variation introduced by the reference yield model
and the temporal variation arising from legislative and automatic changes to FIT rates for
identi cation. It is important to note that these variations only apply to new installations:
once a turbine is commissioned, its tari remains xed for 20 years. Thus, di erences in
FITs across years or locations a ect the expected pro tability of new projects but have no

retrospective impact on previously installed turbines.



2.2 Bene ts versus local opposition

The promotion of wind energy in Germany is motivated by environmental and nuclear
safety concerns. By replacing thermal generation, wind power mitigates the emission of
CO- and local pollutants such as SO, NOy, and particulate matter (Cullen, 2013). This
reduction in CO , emissions bene ts the entire world, as a ton of CO , emitted anywhere
contributes equally to climate change (Nordhaus, 2019).

However, this is not the case with local pollutants. Generating less electricity with
conventional thermal power plants directly bene ts populations living near these plants
by reducing the likelihood of smog, haze, or respiratory illnesses and lung diseases (see,
e.g., Deschenes et al., 2017; Holland et al., 2020; Jarvis et al., 2022). Thus, it is shown that
phasing out coal has a signi cant impact on the local environment and health bene ts that
more than o set the costs of this phase-out in most regions of the world, even without
considering the global bene ts from slowing climate change (Rauner et al., 2020).

Moreover, the deployment of wind energy also serves to compensate for Germany's
decision to phase out nuclear energy. In response to the Fukushima accident, the Ger-
man Bundestag con rmed the decision to abandon this technology for safety reasons.
The rationale is that the use of nuclear energy involves exposure to hazardous radioac-
tive radiation for humans and the environment. The German society concluded that the
risks of this technology outweigh its bene ts and thus decided on the phase-out (Grossi
et al., 2017). Hence, besides environmental value, wind turbines also mitigate citizens'
perceived safety concerns related to nuclear energy.

The bene ts of wind energy deployment stand against the negative local externalities,
which have led to increasingly publicized opposition from local residents (as reported in
popular media outlets, e.g., Spiegel, 2011; Financial Times, 2019; The Economist, 2021; The
New York Times, 2022). The arguments advanced include visual pollution, noise, dam-
age to biodiversity, and even a local loss of jobs in the conventional electricity producing
industry. Zerrahn (2017) provides a comprehensive literature review on wind power and
its negative local environmental externalities. Additionally, the massive deployment of
decentralized renewables also requires the construction of many new high-voltage power
lines, which themselves have adverse visual and biodiversity consequences.

In Germany, 97 percent of the 28,000 wind turbines installed are within two kilometers

of a residential area. Resident resistance, often expressed through petitions with thou-



sands of signatures against nearby projects (Spiegel, 2011), does not aim to halt the en-
ergy transition but to relocate it out of their sight. Polls even show that popular support
for wind energy remains high in general, despite signi cant wind energy deployment in
Germany (Financial Times, 2019). Thus, there is a tension between aggregate bene ts and
local costs.

It is crucial to understand the local costs of renewable energy infrastructures to pre-
vent local opposition from hindering the achievement of climate goals. Highlighting this
tension, environmental protection organizations such as Greenpeace are even signing pe-
titions urging the government to relax animal protection laws to facilitate the installation
of more wind turbines (Recharge, 2024).

Delays in project implementation due to administrative and legal challenges not only
postpone deployment schedules but also escalate costs for developers. Such delays and
increased expenses could jeopardize Germany's renewable energy goals. Industry stake-
holders report that it can take 5 to 7 years to determine whether a wind turbine installation
project is feasible (DPA, 2023), and that they are increasingly taken to court even when

approved by the authorities (BDEW, 2019).

2.3 Valuing the costs to local residents

To implement appropriate policies to address these local objections, it is not only impor-
tant to understand the bene ts but also to credibly estimate the disamenities associated
with wind energy deployment. The literature has highlighted several local externalities
a ecting households near wind turbines (Zerrahn, 2017) 2. With an average height of
around 100 meters during our study period, wind turbines can be visible from a signif-
icant distance depending on the topology. For instance, Gibbons (2015) demonstrated
through a quasi-experimental research design in England and Wales that each additional
wind turbine reduces house prices by 6.5 percent within 1 km and by 5.5 to 6 percent
within 2 km if they are visible.

However, most studies do not di erentiate between types of nuisances and use the
hedonic pricing method to assess whether households value non-market amenities, as-

suming that the local impacts of wind projects are re ected in house prices. In a review

2The papers reviewed in Zerrahn (2017) describe and measure, among other things, the negative impact
of wind turbines on wildlife, including a decrease in bird and bat populations, noise pollution though no
causally measured health e ects and landscape deterioration. Regarding positive externalities, there is
some evidence of increased local employment and GDP.



of hedonic pricing studies, Parsons and Heintzelman (2022) highlight that most studies
nd a signi cantly negative e ect of wind turbine deployment on property prices. How-
ever, the magnitude of this e ect varies widely, underscoring the context-speci ¢ nature
of these impacts. The literature also consistently shows that turbines tend to be sited in
areas where land prices are lower, holding other factors constant. This supports the en-
dogeneity problem described in detail in Section 4.

Key ndings from the reviewed literature are as follows. Vyn and McCullough (2014)
examine wind turbines in Southern Ontario, Canada, and nd that an additional turbine
within 1 km and in full view is associated with a 3 5% decrease in property values. The
study reports large standard errors, attributed to a small sample size. In the Netherlands,
Droes and Koster (2016) apply a di erence-in-di erences methodology over the period
1985 2019 and nd a 1.4% decrease in house prices within 2 km of a turbine, supported
by a substantial observational dataset. In North Rhine-Westphalia, Germany, Sunak and
Madlener (2016) report a 9 14% decrease in property prices. With a larger sample, they
show for the same region a 12.5% decrease if the additional turbine is less than 1 km
away and visible (Sunak and Madlener, 2017). This e ect diminishes with distance and
converges towards zero after 4 5 km.

In Denmark, Jensen et al. (2018) nd that onshore wind turbines within 3 km lead to
price reductions of 0.2 1.1% for primary residences and 1.1 2.1% for vacation homes. This
disparity is likely due to a higher valuation of landscape views associated with secondary
residences. Moreover, Jarvis (2025) report an average 4 5% reduction in residential prop-
erty values at a 2 km distance from a wind project, with the e ect diminishing as distance
increases and becoming negligible beyond 4 km. The impact is notably more pronounced
in wealthier neighborhoods. Closely related to our study is Quentel (2023), who estimates
the impact of wind turbine proximity on German house prices. His main nding is that
a wind turbine reduces house prices by 2.1%. He also applies an instrumental variables
(IV) approach, exploiting variation in wind turbine height and wind conditions by alti-
tude. This result aligns with our main estimate. However, our study di ers in sample
period, IV approach, highlighting a non-linear impact of wind turbine placements, using
alternative outcome variables, and showing that municipalities earn tax income for wind
turbines.

Overall, we contribute to the related literature in several ways. First, we employ an IV
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strategy that exploits variation in the expected revenue from wind turbines to address the
endogeneity of treatment. Second, we combine multiple granular datasets covering all of
Germany, enabling us to derive insights from a pioneering country in renewable energy
deployment. Our results reveal a non-linear impact of wind turbine placement, with the
rst turbine exerting the strongest adverse e ect on house sale prices. In addition to the
housing market, we nd that wind turbines reduce apartment rental prices and negatively

a ect tourism by lowering the number of hotel overnight stays. Moreover, municipalities
appear to issue fewer building permits for housing in favor of wind turbine sitings, which

is consistent with our nding that they generate more tax revenue from larger wind tur-
bine investments within their jurisdiction. Finally, several robustness tests support our

primary estimates.

3 Data

This section describes the dataset underpinning our empirical analysis. In summary;, it
includes house prices, the number of wind turbines and their capacity, as well as local
socioeconomic characteristics like population density, unemployment, and citizens' av-
erage age at the municipality level (‘Gemeindeverband', corresponding to the European
LAU 1-level) during the period from 2008 to 2017. 2 Table | summarizes the primary data

employed in our analysis.

3Germany has 4,639 municipalities (Gemeindeverband, corresponding to the European LAU 1-level) in
total, of which we observe 3,430 in our data, because house prices are not reported for municipalities with
less than 50 house transactions per year. The median size of a municipality is 47 km?, which corresponds to
a radius of approximately 3.8 km.
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Table I: Summary statistics of main variables

Mean SD Min Max Obs.

Dependent variable
In(house price index) -0.10 0.43 -2.63 1.94 26,657

Variables of interest
Number of wind turbines:

Full sample 5.65 14.02 0.00 257.00 26,657
Always-eligible (pre-2012) 6.29 1231 0.00 154.00 6,343
Initially ineligible (pre-2012) 1.77 7.80 0.00 123.00 4,874
Always-eligible (2012 2017) 9.00 18.04 0.00 257.00 9,238
Initially ineligible (2012 2017) 3.04 11.04 0.00 156.00 6,202
Net wind turbine capacity (MW):
Full sample 8.88 25.34 0.00 689.24 26,657
Always-eligible (pre-2012) 8.46 18.03 0.00 236.89 6,343
Initially ineligible (pre-2012) 2.71 1254 0.00 184.90 4,874
Always-eligible (2012 2017) 14.84 35.03 0.00 689.24 9,238
Initially ineligible (2012 2017) 5.26 19.50 0.00 284.43 6,202
Control variables
Age 4405 217 36.29 53.71 26,657
Employment 55.97 528 20.36 77.35 26,657
Population density 364.77 441.63 1499 4708.36 26,657

Instrumental variables
Expected revenue of a WT (ke /m 2):

Full sample 0.72 0.45 0.00 225 26,657
Always-eligible (all years) 1.00 0.29 0.07 2.25 15,581
Initially ineligible (all years) 0.33 0.31 0.00 1.39 11,076
Initially ineligible (2012 2017) 0.58 0.15 0.27 1.39 6,202
Always-eligible (2012 2017) 0.95 0.30 0.46 2.18 9,238
Eligible municipality-years 0.90 0.31 0.27 2.25 21,808
Ineligible 0.18 0.38 0.00 1.00 26,657
wind potential (MWh/m  2) 281 078 123 9.28 26,657
Ineligible  Wind potential 0.38 0.83 0.00 2.59 26,657

Notes: Descriptive statistics for municipality-level data. Annual data for 2008 2017. Wind potential de-
notes the Reference Yield (Referenzertrag), i.e., the expected annual electricity output in MWHA per m
rotor area at a given location (source: DWD). Always-eligible refers to municipalities with wind potential

60% of the reference site (i.e.2.59 MWh/m?), which were eligible for FIT throughout the sample pe-
riod. Initially ineligible refers to municipalities below this threshold that became eligible following the 2012
reform. Eligible municipality-years includes all observations from always-eligible municipalities (2008
2017) plus post-2011 observations from initially ineligible municipalities.

3.1 House prices

We employ an index of house purchase prices per German municipality, developed by

Klick and Scha ner (2021), which uses the RWI-GEO-REDX dataset (Boelmann et al.,

2019) on house sale o ers from the largest real estate internet platform in Germany, "Im-
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a) Mean house price index, b) Within municipality house price variation,
2008 2017 2008 2017

Figure lll: Means and within municipality variation of the house price index 2008 2017

The graph shows a) the mean and the within variation b) of the house price index per municipality. The white areas
represent missing data, i.e. municipalities with less than 50 house transactions per year

mobilienScout24'. The index is created via annual cross-sectional hedonic price regres-
sions, which control for typical house properties, such as size, rooms, oors, vintage, type
of house, furnishing, energy consumption, etc., and characteristics of the property, such
as property size and location.

The underlying model is:

IN(Yigto) = Xigto + Ugty + igtos (1)

where i denotes the individual house, g the municipality, and tg is the respective year
of the cross sectional regression. X captures house and property characteristics. u are
municipality xed e ects,and  isthe error term. Variation at the municipality level of the
index is derived from the municipality xed e ects  u of the regressions. The house price
index is only available for municipalities with at least 50 house purchases in a given year.

Otherwise, the data is removed from the sample for data protection reasons. Thus, out of
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the 4,654 municipalities in Germany, we are left with an average of 2,742 municipalities
per year.

Figure Illa shows that there are signi cant regional disparities with higher prices in
the southwest, west, and northwest. These regions correspond to former West Germany.
Besides higher land parcel prices, other variables remain signi cantly di erent between
the former German Democratic Republic and West Germany: in the West, the popula-
tion is younger, wealthier, and less rural. Figure Illb shows the within variation of house
prices. It is calculated as the ratio of within and between standard deviations and ex-
pressed as a percentage. The gure shows that prices also varied within zip codes with

an average variation of about 10 percent.

3.2 Wind Deployment

Data regarding the number and capacity of wind turbines within each municipality were
sourced from the Marktstammdatenregister (Market Master Data Register) by the Ger-
man Federal Network Agency (BNetzA, 2024). The Marktstammdatenregister contains,
as a central register, data on all generation plants that are connected via the electricity and
gas networks. For each wind turbine it contains information on the turbine's net capacity,
geo-coordinates, commissioning date, height, rotor diameter. During the sample period
2008 to 2017, the average number of wind turbines is 5.65 and the average aggregate net
capacity is 8.88 MW. Over the decade we study, the number of wind turbines in Germany
increased sharply from 14,167 in 2008 to 26,344 in 2017, and the installed capacity rose
from 18.8GW to 48.6GW. Figure 1V shows the geographical distribution of wind turbines
across Germany in 2008 and 2017. The turbines are predominantly located in the north of

the country, where wind potential is highest (Figure V).

3.3 Expected revenue

During the sample period 2008 2017, the remuneration per unit of electricity produced
by wind turbines was not uniform across Germany. The applied feed-in tari aimed to en-
courage deployment across the entire territory to limit congestion problems and smooth
the temporal pro le of intermittent non-dispatchable wind production. As already out-
lined in more detail in Section 2.1, the regional distribution of feed-in tari s was set ac-

cording to a ‘reference yield model'.
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(a) Wind turbines in 2008 (b) Wind turbines in 2017

Figure IV: Development of wind turbines in Germany between 2008 and 2017

This graphs show the number of turbines per municipality in 2008 (a) and 2017 (b). The average number of turbines
per municipality is 5.7, but the graph displays signi cant regional heterogeneity, with some municipalities in the north
having more than 50 turbines. Panel (b) also published in Germeshausen et al. (2023).

This remuneration scheme implies larger payments per megawatt-hour (MWh) of
electricity output for wind turbines placed in locations with lower wind pro les (i.e.,
where the wind blows less strongly and regularly). The key variable determining these
payments is the wind potential, formally known as the Reference Yield ( Referenzertray
which we denote POTENTIAL ;. This is the expected annual electricity output in MWh
per m? of rotor area at municipality i, calculated by the German Meteorological O ce
(DWD) based on local wind conditions.

The EEG legislation de nes a standardized reference site with a wind potential of
4.32 MWh/m 2, corresponding to mean wind speed of 5.5 m/s at 30m hub height and sur-
face roughness of 0.1m. Each location's wind potential is compared to this benchmark to
determine the applicable tari schedule. Figure V displays the wind potential across Ger-
many. Prior to 2012, only locations with at least 60% of the reference site's wind potential
(i.e., 2.59 MWh/m 2) were eligible for FIT support.

We calculate the expected revenue (ER) per wind turbine using the wind potential
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and the applicable tari schedules obtained from the German TSOs:

ERi;t = ( I:lTinit;t Ninit;i  + FIT base;t r‘base;i) POTENTIAL i (2)

where FIT it represents the initial tari for year t, ninii the duration of the initial tari
period for municipality i, FIT pase:t the base tari for year t, and npase;i the duration of
the base tari period. FITintt is always higher than FIT paset and varies over time with
successive reforms, introducing temporal variation to expected revenue.

The tari rates are xed for each wind turbine at commissioning and remain constant
for 20 years, henceniniti + Npase;i = 20 years. Crucially, the duration of the higher ini-
tial tari depends on local wind potential: low-yield locations receive the initial tari for
longer than high-yield locations, partially compensating for di erences in natural wind
resources. Expected revenues are measured ire 1,000 per n¥ of rotor surface. For eligible
municipality-years, the sample average is approximately e 900 per m?, ranging from e 270
to e 2,250. Expected revenue is set to zero for initially ineligible municipalities prior to the
2012 reform. Appendix Figure Al illustrates the spatial distribution of expected revenue
in 2008 and 2015, highlighting both the cross-sectional variation and the expansion of

eligibility following the 2012 reform.

3.4 Control variables

As socioeconomic control variables, we collected data on municipalities' average age of
the residents, population density, and the local employment rate from www.inkar.de, a
database on spatial and urban development in Germany, provided by the German Federal
Institute for Research on Building, Urban A airs, and Spatial Development (BBSR, 2024).

4 Identi cation strategy

This section details our baseline estimates for the e ect of wind turbine construction on

house prices. We model this relationship using the following regression equation:

log(Pix) = WTit + Xt + i+ ¢+ ", (3)
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Figure V: Wind potential in Germany

This map shows the wind potential (Reference Yield, Referenzertrag) in MWh per
m? of rotor area across German municipalities. The reference site de ned in the EEG
has a wind potential of 4.32 MWh/f Prior to 2012, locations with less than 60%

of this value (i.e., below 2.59 MWh/#) were ineligible for FIT support. Figure also
published in Germeshausen et al. (2023).

where the dependent variable log(P;. ) represents the logarithm of the average house price
in municipality i in year t. WT;; measures the number of wind turbines within the mu-
nicipality and  is the parameter of interest.

The vector of control variables X.; encapsulates time-varying socioeconomic charac-
teristics, speci cally average local employment rate, population density, and the average
age of the population. The municipality xed e ects  ; absorb any time-invariant char-
acteristics speci ¢ to each municipality, such as local preferences and pro tability. More-
over, theyear xed e ects { control forannual aggregate shocks that in uence both house
prices and wind turbine deployment. To account for correlation in the error term, we clus-
ter the standard errors u;; at the municipality level in all speci cations.

Although time and municipality xed e ects can e ectively control for constant time
and municipality-speci ¢ characteristics, concerns about potential endogeneity between
the outcome variable and the variable of interest persist. This may lead to estimation bias

of the parameter of interest " if we estimate equation 3 by OLS. Several reasons underpin
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