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Abstract

To cope with the increasing demand for renewable energy, wind turbines have become taller over
time. In addition, with advances in solar cell technology the commercial exploitation of solar farms
has increased considerably in recent years. This paper adds to the existing literature by examining
the effect of wind turbines - with a particular focus on turbine height - and solar farms on house
prices. Using detailed data from the Netherlands between 1985-2019, the results show that tall
wind turbines have considerably stronger effects on house prices, as compared to small turbines.
For example, a tall turbine (>150m) decreases house prices within 2km by 5.4%, while a small
turbine (<50m) has an effect of 2% at most and the effect quickly dissipates after 1km. Further
results indicate that solar farms seem to lead to a decrease in house prices within 1km of about
2-3%. By comparing the overall impact on house prices, we show that building solar farms rather
than wind turbines does not seem to be a way to avoid the external effects of renewable energy
production.
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1 Introduction

Renewable energy is on the rise. While global demand is still strongly increasing amidst the
Covid-19 pandemic, the demand for fossil fuels has actually strongly declined (IEA 2020).
Furthermore, the current crisis has made clear the downsides of fossil fuels: the effective use
of fossil fuels depend heavily on storage capacity and transportation (Science 2020). Instead,
renewable energy is typically produced more locally and could be a viable alternative to fossil

fuels.

Wind turbines are an important source of renewable energy with 30% of its capacity located
in Europe and 17% in the U.S. in 2018. Especially China has invested heavily in wind energy
overtaking the EU already in 2015 as being the largest producer of wind energy. Currently,
36% of worldwide capacity is located in China (GWEC 2019). Many other Western and Asian
countries have been increasing their capacity over the past decades as well. Technological change
fueled by an increased demand for energy has led to wind turbines becoming taller over time, as
taller turbines produce more energy. Where turbines in the 1980s were still around 30m the

newest generation of wind turbines are currently well above 100m."

In addition, a relatively new phenomenon is the commercial production of renewable energy via
solar farms, which are large fields of solar panels. The first solar farm was constructed in 1982
in California. Yet, with advances in technology, it has only become attractive to commercially
exploit solar farms in the last decade or so. Many countries, like India, China, and the United

States have heavily invested in very large solar farms.?

In 2019, the renewable energy capacity captured 27% of total electricity production with solar
photovoltaics (including self-consumption) capturing still only 2.8% of the total production,
about half that of wind turbines. Hydropower is still one of the largest contributors. By contrast,
last year’s growth in solar photovoltaics capacity was about twice that of wind turbines (REN21
2020). Whether the current surge in the construction of tall wind turbines and solar farms
will continue remains to be seen, but some countries have already suggested that the economic

recovery after Covid-19 should be a green one (Associated Press 2020).

!The average power a turbine <50m generates is 0.14 MW, while it is 4.15 MW for a turbines >150m. These
are large differences in potential energy output. As we will explain later, turbine height is defined as the axis
height plus half the diameter of the rotor blades.

2Currently, the largest solar farm in the world is 40km?, located in Bhadla, India.



Yet, wind turbines and solar panels may have external effects on local residents. Wind turbines
make noise, cast shadows, and create flickering. Moreover, they can visually pollute the local
landscape, which particularly may hold for tall turbines. Solar panels can reflect sound and
sunlight and are also usually not considered to be aesthetically pleasing. In line with a large
literature on hedonic pricing, we would expect that such externalities capitalize into house
prices. Increasing our understanding of these external effects is important as to gain insight in
the optimal allocation of renewable energy production facilities. Moreover, as housing wealth
constitutes a large part of overall wealth and the effect of wind turbines and solar farms is
arguably local, the effect on house prices is indicative that the burden of renewable energy

production may not be distributed equally within society.

The aim of this paper is to examine the effect of wind turbines and solar farms on house prices.
We contribute to the existing literature in several ways. First, this is the first paper that explicitly
focuses on the role of turbine height on house prices. In particular, we investigate whether tall
turbines have a larger effect on house prices and at a larger distance. Given the substantial
increase in wind turbine height in the last years, we would expect heterogeneity in the effect of
turbines of different sizes on house prices. Some studies find average effects of turbines up to
14%, while others do not find any effect at all (see for a more elaborate discussion, Section 2).
Besides other differences in e.g. sample composition and identification strategies, a potential
explanation for the differences in the results is that previous studies did not take into account

that large turbines may lead to substantially larger decreases in housing values.?

Second, to identify a causal effect of renewable energy production facilities on house prices is
not straightforward, as the spatial distribution of wind turbines and solar farms is not random;
turbines and solar farms are mostly located in sparsely populated areas with lower house prices.
To the extent one does not adequately address omitted variable bias, one is predisposed to
mismeasure the impact of turbines and solar farms on house prices. To mitigate endogeneity
concerns many studies use some form of a differences-in-differences design (Gibbons 2015, Drées
& Koster 2016, Jensen et al. 2018). A key identifying assumption is that there are parallel

trends between treated and control areas (for a more elaborate discussion see Bertrand et al.

3Using data on recent years enables us to test this explicitly, as there are simply many more tall wind turbines
than in the past.



2004, Abadie 2005, Donald & Lang 2007), which may be restrictive and is an assumption that
is hard to test. Instead, we improve on the literature by only exploiting temporal variation
in the openings of turbines and solar farms. That is, we compare price changes in areas that
have received, for example, a wind turbine to areas which will receive a turbine in the future.

Unobserved price trends are most likely very similar in those areas.

Third, to the best of our knowledge, we are among the first to investigate the impact of solar
farms on house prices. We use essentially the same identification strategy as for wind turbines.
The effects of solar farms are expected to be more local than those of wind turbines, as visual
pollution is likely to be more localized. We will further compare the overall loss in house values

for homeowners as result of wind turbines and solar farms.

This paper relies on a detailed housing transactions data from the Netherlands between 1985-
2019, which we combine with data on all wind turbines and solar farms that have been placed
during this period. The Netherlands is typically seen as a fairly urbanized country and therefore
provides an ideal study area to examine the effect of wind turbines and solar farms on house
price as many turbines/solar farms are located close to residential areas and we thus observe

many housing transactions in those areas.*

The results in this paper show a decrease in house prices after the construction of a wind turbine
within 2km of a property of 1.8%, on average. This effect is slightly higher than the 1.4% found
by Drées & Koster (2016), which was based on a differences-in-differences set-up with spatially
differentiated local control groups. We hypothesize that an explanation for the increase in the
effect is the fact that turbines have become taller. Indeed, we find that a turbine taller than
150m decreases prices within 2km by 5.4%, while the effect of low turbines (<50m) is, on average,
statistically indistinguishable from zero. We further find that turbines have larger effects when
properties are close. We do not find evidence that the effect of tall wind turbines reaches beyond
about 2km, although we do find some evidence that the impact radius is smaller (<1km) for low
wind turbines. In particular, we observe a negative and statistically significant effect between
0.75 and 1km of about 2%, but the effect dissipates beyond 1km. Various additional robustness

checks support the main findings.

4The Netherlands is more than twice the size of the San Francisco Bay Area but has a comparable population
density (488/km? versus 430/km?, respectively).



Regarding solar farms, our results suggest that house prices decrease by about 2-3% after the
opening of a solar farm within 1km of the property. Hence, the effect is indeed more localized
than that of wind turbines. As mentioned, solar farms are also a relatively new phenomenon,
implying that we have much fewer observations on solar farms. Using a design with local control
groups, we find that the effects are only weakly statistically significant, and therefore should be
interpreted with caution. When only relying on temporal variation in the placement of solar

farms, the effect is still negative and of the same order of magnitude, but imprecisely estimated.

Finally, we compare the results and show that the total loss in housing values as a result of the
placement of wind turbines is about €4.5 billion, while solar farms imply a total loss of €84
million. The number of properties in the vicinity of turbines and solar farms is paramount, as
1% of the turbines cause about 45% of the total loss in housing values. These are turbines that
are placed too close to residential areas. The median loss per installed megawatt-hour (MWh),
is €89. However, the loss varies considerably between turbines of different heights, with taller
turbines having a much lower median loss per MWh (€844 for a turbine <50m versus €10 for a
turbine >150m). Hence, it seems much more efficient to build taller, more powerful, turbines.
We find that the losses of solar farms are of the same order of magnitude, as the median loss per
installed MWh is €63. Hence, building solar farms instead of wind turbines does not seem to be

a way to avoid external effects of renewable energy production.

The remainder of this paper is structured as follows. Section 2 provides a literature overview
on the effects of wind turbines and solar farms on property prices. Section 3 and Section 4,
respectively, discuss the data and methodology used in this study. Section 5 highlights our key

regression results and Section 6 concludes.

2 Wind turbines, solar farms, and house prices

2.1 Wind turbines and housing values

Major interventions in the landscape or the living environment almost always lead to changes
in house prices. This is because households’ preferences capitalize into house prices. Let us
consider a simple example: imagine a potential buyer comparing two nearly identical homes; one
is at some point near a wind turbine, while the other is far away from a turbine. The difference

in price of the home then measures the willingness to pay to not live near a turbine. This price



difference is conditional on hedonic characteristics (i.e. house and location attributes).

In the literature that use hedonic pricing methods, there are already a host of studies looking at
the effects of wind turbines on housing prices. Many studies focus on just a few wind turbines
in a small geographical area. For example, Sims et al. (2008) and Carter (2011) investigate
the effect of a single wind farm on house prices in the United Kingdom and the United States
respectively, while Castleberry & Greene (2018) focuses on Western Oklahoma. Hoen et al.
(2010) investigate the effect on house prices of 24 wind farms in 9 states in the U.S. A study
by Lang et al. (2014) looks at different individual wind turbines on Rhode Island. Vyn &
McCullough (2014) look at the influence of a wind farm in Ontario on house prices and Hoen
& Atkinson-Palombo (2016) focuses on wind turbines in Massachusetts. None of these studies
find a statistically significant effect of wind farms on house prices. For the Netherlands, a study
by Van Marwijk et al. (2013), which only looks at four research locations, finds no unequivocal

effects.

However, it would be incorrect to conclude that there is no effect of wind turbines on house
prices, as the results are often too imprecise to draw strong conclusions. For example, Lang et al.
(2014) finds a point estimate of —2.4% in house prices within 2.5km. However, they focus on
just 10 turbines in Rhode Island. The estimated effects are therefore imprecise. Similarly, Vyn
& McCullough (2014) uses data of one wind farm in Canada and finds, not entirely surprisingly,

no statistically significant effects, although in some cases the point estimates are negative.

Ladenburg & Dubgaard (2007) does find evidence that households in Denmark are willing to pay
to avoid living near an offshore wind farm. Studies by Sunak & Madlener (2016) and Skenteris
et al. (2019) find potentially large effects of visibility in Germany and Greece, respectively. The
decrease in property values in these studies range from 9-14%. However, we again caution that
Sunak & Madlener (2016) and Skenteris et al. (2019) only consider a few wind farms. Jensen
et al.’s (2014) analysis relies on 22 sites in Denmark. They find significant reductions in property
values. More specifically, the results point towards a 3% reduction due to visual pollution and
a 3-7% reduction due to noise pollution. Vyn (2018) argues that one reason for the different
effect sizes may be that there are large spatial differences in the resistance to wind turbines. He
finds, for example, in Canada that municipalities where there is a lot of resistance there is a

decrease in housing values, while that is not the case for municipalities where there is little or



no resistance. However, Vyn (2018) does not include location fixed effects, which correct for
unobserved characteristics of locations. Because wind turbines are often built in areas where

prices are lower, the results could be partly explained by this.”

Hence, while there have been quite a few papers measuring the effects of wind turbines on
housing prices, the results are quite ambiguous, ranging from 0 to 20%. We think that the
difference in results arises from the fact that essentially all of these studies rely on relatively small
datasets covering a handful of wind turbines and/or wind farms. Moreover, most studies rely on
a standard differences-in-differences strategy. The most important assumption underpinning
this research design is that there are parallel trends between treated and control areas. As wind
turbines are particularly built in sparsely populated areas outside of large cities, this assumption

is debatable.

The study by Gibbons (2015) is, however, a good example of a convincing study that links
plausible research design to a very large dataset. The study relies on all residential transactions
and wind turbines in England and Wales. Gibbons (2015) finds that home prices are 5-6% lower
within 2km of a wisible wind farm. His study compares changes in house prices at locations
where wind farms are visible with locations that are comparable, but where wind farms are not
visible. A concern with Gibbons’s study is that it does not has precise information on the exact
location of wind turbines in England and Wales; only on the location of the centroid of a wind
farm. This implies a measurement error in the distance to the nearest wind turbine, because
wind farms can be quite large. Our study is somewhat different from Gibbons (2015), as we
look at many wind turbines at many different locations, some of them being part of a wind
farm, some of them standing alone. Moreover, we explicitly focus on differences in wind turbine

height, which are expected to have different effects on house prices.

A previous study by Droes & Koster (2016) relies on all turbines and about 70% of housing
transactions in the Netherlands between 1985 and 2011. Using a difference-in-differences strategy
combined with local control groups defined as transactions located between 2 and 3km of a wind

turbines, they show that house prices decreased 1.4-2.3% within 2km of wind turbine. They also

®A recent Dutch policy report by Daams & Sijtsma (2019) analyzes the changes in prices for locations that
have a view of turbines that still have to be built in Groningen and Drenthe. The report seems to suggest that
there are major decreases in property value of about 10% within 2.5km (or even higher in some measurements),
but these results are questionable because only a few wind farms are considered and, as mentioned, these still
need to be built.



provide some suggestive evidence that wind turbine height may matter, but their results did not
differentiate in terms of impact radius and were also quite imprecise, because few tall turbines
existed before 2012. A recent paper by Eichholtz et al. (2018) confirms the overall price decline

due to wind turbine construction in the Netherlands.%

Another study by Jensen et al. (2018) focuses on Denmark. They find effects between 3-6%
for homes within 3km of an installed turbine. However, their results are not conditional on
spatial fixed effects and, as such, do not control for time-invariant unobserved heterogeneity.
This implies that Jensen et al.’s (2018) estimates are most likely overestimates, as Droes &
Koster (2016) show that for the Netherlands not including detailed location fixed effects leads to

an effect that is considerably higher than when location fixed effects are controlled for.

2.2 Solar farms and housing values

The above-mentioned review indicates that a large number of studies have been undertaken into
the effects of wind turbines on house prices. It is therefore surprising that there are hardly any
studies measuring the effects of solar farms on house prices, despite the fact that concerns have

been expressed that solar farms may have an impact on property values (Jones et al. 2014).

There is one report by Maddison et al. (2019) on the influence of solar farms on property values
using English data. Their preliminary findings seem to point towards a negative price effect of
—4 to —8%. Finally, a study by Von Mollendorf & Welsch (2017) does not look at the effects of
solar farms on house prices, but at data on subjective well-being. They find no effects of solar

farms on well-being.

3 Data

3.1 Data on wind turbines and housing values

The locations of wind turbines, as well as the axis height, diameter of the blades, and the power
(MWh) of the turbine come from www.windstats.nl. We define turbine height as the axis
height plus half the diameter of the rotor blades.” There appears to be a very high correlation

(p = 0.918) between height of the turbine and the power it generates. For example a turbine of

STnterestingly, they find that gas plants also have a negative effect on house prices and biomass plants have a
positive effect.

"Droes & Koster (2016) use axis height, but the effect of this might be difficult to measure as height and
diameter of the blades are likely highly correlated (i.e. there are no high turbine with tiny blades).



3MW (about 150m) produced 6.5 million kWh, while a turbine of 2MW (115m) only provides
4.5 million kWh.

The total number of wind turbines up to and including mid-2019 is 2,695. This study focuses
on the 2,406 turbines that have been built on land.® Of the turbines that have been built on
land, 614 were built after 2011. Many of these new turbines are close to the locations where
wind turbines have previously been installed. Figure 1 shows the locations of the wind turbines.
The map highlights that wind turbines are often concentrated in windy coastal areas. As coastal
areas are different than inland areas, it is important to use local control groups to capture any
unobserved heterogeneity. Figure 2 shows that there is clearly an upward trend in the height of
turbines. In 2000 the average height of new turbines was still around 80m. The average towards
the end of the sample period is around 140m with a max of 200m. Interestingly, the trend seems

to stabilize as of 2016.

The dataset concerning house prices has been provided by Brainbay. The data covers approx-
imately 70% of the market. The data mainly contains sales of existing properties between
1985-(mid)2019. In addition to property prices, the dataset includes information on many
different property features. Based on this, we can calculate the distance to the nearest existing
wind turbine for each (transacted) home in our sample. The descriptive statistics are reported

in Table 1.

The average house price between 1985 and 2019 is €214.178. This is based on more than 3
million transactions (2.7 million homes). The average house price is slightly lower (€206.658)
within 2km of an existing wind turbine. That is, wind turbines are not randomly built in
the Netherlands. Such selection effects based on house prices are typically taken into account
within the difference-in-differences framework. The average distance (of the homes sold) to wind
turbines in 2019 is 8.7km. This distance has been decreasing for years; in 1995 for example the
distance was still 26.6km. However, for many households, wind turbines are still relatively far
away. Only 5.1% of the housing transactions between 1985 and 2019 occur within 2km of a wind

turbine after it is operational (i.e. about 150 thousand homes in our dataset).

8The Princess Amalia, Egmond aan Zee, Luchterduinen, and Gemini offshore wind farms are therefore not
included in our analysis, Gemini is missing from the map because it is far from the coast.
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TABLE 1 — DESCRIPTIVES: HOUSE PRICES AND TURBINES
(1) (2) (3) (4)

Mean St.dev. Min Max
Transaction price (€) 214,180 121,704 25,000 1,000,000
Wind turbine, <2km 0.0506 0.2192 0 1
House size in m? 117.9 37.71 26 250
Number of rooms 4.384 1.340 1 25
Terraced 0.317 0.465 0 1
Semi-detached 0.281 0.449 0 1
Detached 0.128 0.334 0 1
Garage 0.331 0.471 0 1
Maintenance state is good 0.866 0.341 0 1
Central heating 0.891 0.312 0 1
Listed building 0.00618  0.0784 0 1
Construction year 1945-1959  0.0717 0.258 0 1
Construction year 1960-1970 0.150 0.357 0 1
Construction year 1971-1981 0.169 0.374 0 1
Construction year 1981-1990 0.138 0.345 0 1
Construction year 1991-2000 0.126 0.332 0 1
Construction year >2000 0.109 0.311 0 1

Notes: The number of observations is 3,389,903. Apartments are the
reference group for the type of residence. Houses build before 1945 are
the reference category for the building year.

3.2 Data on solar farms and housing values

The data on solar farms come from Wikipedia. We have double checked and supplemented
these data through various internet sources. Importantly, we disregard solar panels on roofs of
industrial or agricultural buildings and only consider land-based solar farms. The number of

solar farms (48) included in the analysis is much lower than the number of wind turbines.

Figure 3 shows the location and opening year of solar farms in the Netherlands until mid-2019.
The first solar farm in our dataset is Ecopark Waalwijk (4.2 thousand panels) which opened in
2004. The location of the solar farms are clearly not randomly distributed in the Netherlands.
As solar farms are land intensive, many solar farms are located in areas with a low population

density because of land availability.

The largest solar farm currently is located in Vlagtwedde (Groningen) and consists of 320,000
solar panels (approximately 1km?) with a total nominal peak power of 109 MWP. This is
approximately 0.85 x 1,000,000 x 109 = 92 million kWh per year (see Tenten Solar 2019). For
comparison purposed, an (average) wind turbine of 3 MW delivers around 8 million kWh; the
park is therefore roughly equal to 14 wind turbines. It appears that new solar farms generally

contain more panels, so the size of solar farms has increased over time.

10
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The property price data that is used to measure the effect of the placement of solar farms
on property prices are the same as that of wind turbines and are also from Brainbay. Based
on the location of the centroid of solar farms and the location of housing transactions, the
distance between homes and the the nearest solar farm can be calculated. Note that we have
no information about the precise size of a solar farm. Hence, if a solar farm is very large, a
home can be far from the centroid, but still close to a solar farm if the solar farm is large. The
distance to the centroid is therefore an overestimate of the actual distance to a solar farm. This

type of measurement error will typically imply that we will underestimate the actual effect of

11



TABLE 2 — DESCRIPTIVES: HOUSE PRICES AND SOLAR FARMS
(1) ) 3) (4)

Mean St.dev. Min Max
Transaction price (€) 249,586 124,274 25,000 1,000,000
Solar farm <1km 0.00017  0.0132 0 1
House size in m? 116.8 37.70 26 250
Number of rooms 4.453 1.398 1 24
Terraced 0.313 0.464 0 1
Semi-detached 0.277 0.448 0 1
Detached 0.122 0.327 0 1
Garage 0.314 0.464 0 1
Garden 0.970 0.170 0 1
Maintenance state is good 0.867 0.340 0 1
Central heating 0.881 0.323 0 1
Monumental status 0.00636  0.0795 0 1
Construction year 1945-1959  0.0704 0.256 0 1
Construction year 1960-1970 0.133 0.339 0 1
Construction year 1971-1981 0.139 0.346 0 1
Construction year 1981-1990 0.114 0.317 0 1
Construction year 1991-2000 0.119 0.324 0 1
Construction year >2000 0.203 0.402 0 1

Notes: The number of observations is 1,470,808. Apartments are the
reference group for the type of residence. Houses build before 1945 are
the reference category for the building year.

solar farms.

Although the first solar farm was opened in 2004 we do not observe transactions within 1km
radius after the opening of this solar farm. The majority of the solar farms (40), were opened in
2017, 2018 and 2019. Given that the data in this study runs until mid-2019, it is clear that the
impact of solar farms on house prices can only be measured to a limited extent. Because almost
all solar farms have been opened in recent years, we use the transactions data from the last 10

years (i.e. from 2009-2019). The descriptive statistics are reported in Tabel 2.

The average property price between 2009 and mid-2019 is €249, 586. The other descriptive
statistics regarding housing characteristics are almost identical to those of wind turbines. The
number of transactions in the Netherlands between 2009 and 2019 is 1.4 million. For solar farms
we initially assume an impact radius of 1km. However, there is no clear guideline with regard to
the impact area of solar farms; and there is no particular reason why the effect should extend
beyond 1km. Unfortunately, there are hardly any observations left at 500m, but even at 1km
the number of transactions after installing a solar farm is very limited: we only observe 256

transactions (0.017% of the data) within 1km after the placement of a solar farm.

12



4 Methodology

4.1  Measuring the price effect of wind turbines

To measure the effect of wind turbines on house prices, we employ a hedonic price method
in which the house price is regressed on the presence of a wind turbine in year preceding the
transaction:

log Pyt = Pwit—1 +vXit + Aj + At + €5, (1)

where Pj; is the transaction price of property ¢ sold in year ¢, w;—1 is an indicator that is 1 if
a property is sold within 2km a year after placement of a wind turbine (for now we focus on
the nearest wind turbine), X;; are housing characteristics, A; are location fixed effects at the
postcode 6-digit level (about a half a street and on average just over 20 households), A; are
monthly time dummies, €;; contains characteristics of properties or locations that are unobserved.

These are assumed to be uncorrelated with the placement of a turbine.

It is important to correct for housing characteristics because different types of homes may be sold
in each year or because certain types of homes are more often located closer to wind turbines. A
possible relative decrease in value could then be mistakenly attributed to the placement of a
wind turbine. Correcting for average prices between locations is also important via the inclusion
of location fixed effects, as wind turbines may be built in locations with lower house prices.
Differences in prices may arise because amenities may differ between locations (for example,
the presence of schools, etc.). In addition, economic developments can take place at national
level that influence house prices (such as those due to economic cycles). This is addressed by

including month fixed effect.

We are particularly interested in 5. This coefficient measures the percent change in property
value relative to a (local) control group. We start our analysis by using transactions in the
rest of the Netherlands as control group and subsequently examine the effect using 3-5km and
2-3km as control group areas. Still, one may be concerned that properties that are further away
than 2km may have different price trends because they are, for example, located closer to city
centers which are prone to relatively strong price increases due to inelastic housing supply and

gentrification.
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Our preferred specification therefore only keeps observations within 2km of a (future) wind
turbine, implying that we only use the variation in the opening dates of wind turbines. We are
then comparing the price development in areas in which wind turbines are opened to locations
where they will be opened in the future. Hence, the identifying assumption is that the placement
of turbines within eventually targeted locations is uncorrelated to price trends. We think this
assumption is reasonable, and much less restrictive than the parallel trend assumption between

spatially differentiated treatment and control groups that is usually applied in the literature.

Our particular interest is to allow for heterogeneity in the impact of wind turbines by allowing
for low, medium-sized and tall turbines. Low turbines (<50m) account for about 10% of the
turbines, medium-sized (50-150m) for about 80% and tall turbines (>150) for about the upper

10%. The specification to be estimated is then:

3

log Pyt = Y Brwini—1 +7Xit + Aj + i + €ir, (2)
h=1

where w;p;_1 is a dummy that equals one when the nearest turbine falls in height category hand

is within 2km in ¢ — 1. (j, are the coefficients to be estimated for each height category.

We will show robustness of the results by examining the impact area of tall, medium-sized,
and lower turbines; testing whether the effects of turbines is constant over time; correcting for
anticipation effects; examining the effect of wind turbine demolitions; and looking at properties

with multiple treatments.

4.2 Measuring the price effect of solar farms
To measure the impact of the opening of a solar farm on property values, we use the same

methodology as that for wind turbines. We estimate the following equation:

log Pit = (sit—1 + v Xit + Aj + A¢ + it (3)

where Py is the transaction price of property i sold in year ¢, s;;—1 is an indicator that is 1 if a
property is sold within 1km one year after opening of a solar farm (again we look at the nearest

solar farm), Xj; are property characteristics, A; are location fixed effects at postcode 6 level, A
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TABLE 3 — AVERAGE EFFECT OF WIND TURBINES ON HOUSE PRICES
(Dependent variable: the logarithm of house prices)

(1) (2) 3) (4)

Full sample Control group Control group Temporal

(3-5km) (2-3km) variation only

Wind turbine placed <2km -0.0192%*%*%  .0.0256***  -0.0214***  -0.0183***
(0.0041)  (0.0045)  (0.0048) (0.0068)

Housing characteristics v v v v
Postcode fixed effects v v v v
Year and month fixed effects v v v v

Observations 3,389,780 1,488,276 710,703 290,002
R? 0.92 0.92 0.92 0.92
Notes: This table is based on data between 1985 and 2019. Standard errors are clustered
at the neighborhood level and are in parentheses. Significance levels: *** p<0.01, **
p<0.05, * p<0.10.

are month dummies, and 7;; again captures unobserved heterogeneity.

We are particularly interested in (. This coefficient measures the percent change in property value
relative to a (local) control group. The initial control group consists, of all transactions throughout
the Netherlands, then of transactions within 2-5km and 1-2km. For robustness purposes, we
also estimate the effect using observation within 1km only, but the number of observations is
then very low and, therefore, the estimate is expected to be imprecise. Furthermore, we will test

the spatial extent of the effect by allowing ( to differ by distance to a solar farm.

5 Results

5.1 Baseline estimates: wind turbines and house prices

Table 3 shows the regression results based on equation (1). In column (1) we use the whole
dataset. The results suggest that the opening of a wind turbine within 2km of the property
is associated with a house price decrease of 1.9% (= (e %0192 — 1) x 100%). This effect is
statistically significant at the 1% significance level. Using the whole of the Netherlands as control
group is unlikely to yield unbiased results, as price trends between rural areas (where turbines

are often placed) and urban areas are most likely different.”

In columns (2) and (3) we change the control group to include transactions within 3-5km and

9Yet, the equation including controls and fixed effects seem to capture a considerable amount of the variation
in house prices, as we can explain 93% of the variation in house prices. This high fit is mainly due to the inclusion
of highly detailed PC6 fixed effects. Other studies that have used such detailed location fixed effects (e.g. Droes
& Koster (2016)) have shown that the results are essentially the same as using repeat sales.
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2-3km of a wind turbine, respectively. The effect becomes a bit higher; —2.5%, using the 3-5km
control group and —2.1% in case of the 2-3km control group. The fact that the effect we find is
relatively robust and remains statistically significant even with a substantially smaller sample
and different control groups suggests that it is plausible we are capturing a causal effect of the

opening of wind turbines on house prices.

Finally, we estimate a version of equation (1) which is based on the sample of transactions
within 2km of all existing wind turbines in 2019. That is, we measure the effect conditional
on the placement of wind turbines in particular areas. This should capture any selection effect
with regard to location. The regression estimate in column (4) shows that house prices within
2km of a wind turbines decline by 1.8% relative to areas in which a wind turbine has not yet
been constructed. The effect is statistically significant at the one percent significance level. We

consider this to be strong evidence that wind turbines affect nearby house prices.'”

5.2 Some robustness checks

Before moving on to the regressions where we allow the effect of turbines to vary by height and
distance to the turbine, we aim to show robustness of the estimated average impact of turbines.
Table 4 contains several robustness checks based on our preferred specification where we only
use temporal variation in the placement of turbines (reported in Table 3, column (4)). First, it
is suggested by Droes & Koster (2016) that house prices are already decreasing two years prior
to the placement of a wind turbine. In column (1), Table 4, we therefore exclude transactions
occurring in two year prior the opening of a wind turbine within 2km. The effect is —2.4%,
which is indeed slightly higher than the baseline estimate of —1.8%. The effect is still highly

statistically significant.

Second, the lifespan of a wind turbine is roughly 25 years. This implies that towards the end of
the sample period (as of 2011) some turbines have been demolished. About 229 of the 1,239
turbines that were within 2km of housing were demolished. We are particularly interested in

those turbines that have not been replaced by a new turbine and did not have another turbine

10Tn principle this specification is equivalent to a difference-in-differences model that allows for non-parallel
trends between the control and treatment groups, by allowing the year fixed effects and control variables coefficients
to differ between those groups. In the Appendix we show that a classical difference-in-differences (DID) model
based on the model estimated in column (3) (2-3km control group), but allowing for non-parallel trends yields
identical point estimates. Only the standard errors are (marginally) smaller as they are (artificially) lowered by
adding the control group transactions. We, therefore, prefer the results reported in Table 3, column (4).
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TABLE 4 — ROBUSTNESS: WIND TURBINES AND HOUSE PRICES
(Dependent variable: the logarithm of house prices)

(1) (2) 3) (4)
Corrected for Remowved No closer Multiple
anticipation effects turbines turbines treatment
Wind turbine placed <2km -0.0240%** -0.0183*** -0.0162**
(0.0079) (0.0068) (0.0076)
Wind turbine removed <2km 0.0112
(0.0115)
Wind turbine placed <2km -0.0057
X 2 turbines (0.0063)
Wind turbine placed <2km 0.0015
X 3 turbines (0.0070)
Wind turbine placed <2km -0.0059
X 4 turbines (0.0104)
Wind turbine placed <2km -0.0096
X 5 turbines (0.0099)

Housing characteristics v v v v
Postcode fixed effects v v v v
Year and month fixed effects v v v v

Observations 267,576 26,483 289,083 290,002
R? 0.92 0.91 0.92 0.92
Notes: This table is based on data from the Dutch Association of Realtors (provided by
Brainbay) between 1985 en 2019. The same data as in Table 3, column (4) is used although
in column (1), (2) and (3) some additional restrictions are imposed. Standard errors are
clustered at the neighborhood level and are in parentheses. Significance levels: *** p<0.01,
** p<0.05, * p<0.10.

within 2km. Only 0.3% of the transactions are close to such turbines after they have been
removed. To properly identify the effect we only keep observations near actual turbines that
will be eventually be removed and removed ones. Column (2) shows the results. The effect
of turbine removals is positive, as expected. Although the coefficient is imprecisely estimated,
the point estimate is surprisingly similar to wind turbine construction, in particular because

removed turbines are generally smaller.'!

Third, we focus on the construction of the first wind turbine within 2km. If a wind turbine is
built within 2km of a property it could happen that a subsequent turbine is placed even closer.
In only 919 of the transactions in our database a wind turbine is placed closer to a house after
there was already a turbine within 2km. Not surprisingly, in column (3) we show that the effect

remains the same if we exclude those observations.

Fourth, more generally, the price of a property may be influenced by multiple turbines. Conse-

1 The average height of removed turbines is just 77m, while it is 98m for the whole sample of onshore turbines.
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Notes: The dotted lines represent the 95% confidence intervals. These regressions include observations within 2km of a
(future) turbine and control for housing characteristics, postcode fixed effects, as well as year and month fixed effects. The
number of observations is 290,002 and the R2 in both regressions is 0.92.

FIGURE 4 — PRICE EFFECTS FOR DIFFERENT TURBINE HEIGHTS

quently, column (4) includes interaction effects with the number of wind turbines that are placed
within 2km. In our sample this never exceeds 5 turbines. In line with Droes & Koster (2016),
the regression results suggest that there is no evidence that beyond the first turbine there is an
additional price effect of more turbines placed close to a home. From a policy perspective, if the

aim is to reduce external effects on house prices, these results suggest that it is best to cluster

turbines in wind farms.

5.8 Wind turbine height

Up until now, we have ignored the effect of turbine height and assumed that the effect of turbines
is confined to 2km. As shown, turbines have become taller over time, which may in turn have
increased visual pollution, as well as the potential reach of noise pollution, flickering and shadow.
We would expect that this increases the treatment effect and also affects the overall impact

radius.'? We, therefore, estimate several regression based on (equation 2). We summarize the

results in several figures.'?

In Figure 4a we show that taller turbines indeed seem to have a larger effect on house prices.

Small turbines (<50m) on average have an effect of less than —1%. while this effect is not

12For example, at a distance of 2km a turbine of 100m in height has a perceived height of 5cm. Instead, a
200m high turbine at that distance has already a perceived height of 10cm. The view of such a turbine might well
be less obscured by features of the (urban) landscape.

13The underlying regression table is reported in the Appendix.

18



3%
2%
1%
0%
-1%
-2%
-3%
-4%
-5%
-6%
-7%
1985 1990 1995 2000 2005 2010 2015 2020

Distance to wind turbine (in m)

Price effect (%)

Notes: The dotted lines represent the 95% confidence intervals. This regression includes observations within 2km of a
(future) turbine and controls for housing characteristics, postcode fixed effects, as well as year and month fixed effects. The
number of observations is 290,002 and the R2 is 0.92.

FIGURE 5 — THE EFFECT OF WIND TURBINES IN DIFFERENT TIME PERIODS

statistically significant. For a medium-sized turbine (50-150m) the effect is around 2% and
statistically significant.'* For turbines larger taller than 150m the effect is around 5% and also
statistically significant even though the confidence bands are a bit wider due to a low number of
observations.!® The effect ranges between 3-7% and it is clear that the effect is considerably

stronger than the effect of low turbines.

One may be concerned that, because tall turbines have been built in recent years, the larger
effect of tall turbines may capture changes in perception. In Figure 5 we therefore test whether
the willingness to pay to live nearby turbines is more or less constant across the study period.
We report the result using interaction effects with 5-year time period dummies (i.e. 1985-1989,
1990-1994, etc.). Again, we re-estimate our preferred regression model based on temporal
variation in wind turbine construction, but allow the effect of turbines to vary over time. We
do see that the point estimate in the last 5-year period in our sample (2015-2019) is indeed a
bit higher, at about —3%. Interestingly, between 2000 and 2004 the effect was around zero. It
is unclear why this is the case, but this was a period of strong house price growth. A possible
explanation might be that preferences for turbines are different during a housing market boom.
However, if we take into account the confidence bands we cannot reject the null hypothesis that

the effect is constant over time.

14%We also considered splitting this category up even further but did not find statistically significant differences
between those turbines.

'5In the Netherlands, turbines larger than 150m also need to have a flashing light (white during the day, red
during the night). This might increase the experienced nuisance and visibility of those wind turbines.
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number of observations is 491, 337 and the R2 is 0.92.

FIGURE 6 — PRICE EFFECTS AT DIFFERENT DISTANCES (1985-2019)

Going back to the effect of wind turbine height, in Figure 4b, we control for the time period
effects (i.e. see Figure 5), as to control for any potential changes in perception. We find very
similar effects of small, medium and tall wind turbines. The effect of a medium sized turbine is
now about —3% and the effect of a tall turbine is also a bit larger and —5.4%. These effects are

still statistically significant, but note that the confidence bands are now somewhat wider.

5.4 Impact area of turbines

Distance to a wind turbine is likely an important factor in determining the possible decrease
in prices. Droes & Koster (2016) assume an impact radius of 2km. Within 5 times the axis
height there is a possible effect of sound and for the average turbine up to lkm there is also
possible shadow. Up to 2km there is potentially visual pollution. Their results show that indeed
up to 2km there is an effect on average across all turbines. In Figure 6 we show a specification
where we interact the effect of turbines by 250m distance band dummies. Hence, we estimate
the treatment effect for different distance bands. The number observations increases as we
now include housing transaction prices within 2.5km of a (future) turbine. Figure 6 shows
that within 500m the confidence bands are large because the number of observations is low.
Hence, we cannot precisely determine the effect of the opening of a wind turbine on transaction
prices within short distances. Between 500-750m the effect is about —3%. The effect gradually
decreases until at 2500m the effect is small and indistinguishable from zero. Hence, the impact

area of turbines seem to be maximally 2250m.
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FIGURE 7 — DISTANCE AND WIND TURBINE HEIGHT

Although the average effect across all turbine heights is of interest, it is important to investigate
whether the impact area is different for tall turbines. As such, we re-estimate the regression
but now allow the effects to vary by wind turbine height and distance. Even with this large
dataset, the number of observations for tall turbines is small. Hence, we aggregate the distance
bins for the tallest turbines by 500m instead of 250m. The results are depicted in Figure 7.
Small turbines only have a statistically significant effect of about 2% at 1km and the effect is

essentially zero beyond 1km. At 500m and 750m the effects are imprecisely measured.

A turbine with a height between 50 and 150m yields a statistically significant effect of —3.4% at
750m. The effect decreases over distance, but at a relatively low rate. At 2500m the effect is no
longer statistically significant. For the tallest category of wind turbines the effect is again larger
than the smaller categories. At 750m the effect is —8.3% albeit very imprecise. Within 500m of
a turbine exceeding 150m there are even no transactions available. The effect again decreases
with distance, but more rapidly, and the effect is small and no longer statistically significant
at 2500m. Note that the confidence bands for different heights are overlapping in most cases,
except maybe for the largest versus smallest category of turbines, which suggests that measuring

the effect of height and distance to a turbine demands a lot from the data.

Overall, our results imply that taller turbines have higher effects on house prices and we find
evidence that the effect also reaches just beyond 2km, up to 2250m, but not beyond 2.5km.

Moreover, we show that low turbines (<50m) have a small impact on house prices that is confined

21



TABLE 5 — AVERAGE EFFECTS OF SOLAR FARMS ON PROPERTY PRICES (2009-2019)
(Dependent variable: the logarithm of house prices)

(1) (2) 3) (4) () (6)

Whole Control group Distance Control group + Wind turbine Temporal
Netherlands 2-5km profile 1-2km treatment variation only
Solar farm placed <lkm -0.0609*** -0.0278* -0.0282* -0.0318* -0.0325* -0.0184
(0.0163)  (0.0163)  (0.0167)  (0.0170) (0.0167) (0.0253)
Solar farm placed 1-2km 0.0173
(0.0153)
Wind turbine placed <2km -0.0550
(0.0380)

Housing characteristics v v v v v v
Postcode fixed effects v v v v v v
Year and month fixed effects v v v v v v

Observaties 1,470,808 85,329 98,010 15,203 15,203 2,519
R? 0.90 0.89 0.89 0.87 0.87 0.87

Notes: This table is based on data between 2009-2019. Standard errors are clustered at the neighborhood level
and are within parentheses. *** p<0.01, ** p<0.05, * p<0.10

to about 1km.

5.5 Solar farms and house prices

In Table 5 we report results regarding the impact of solar farms, based on equation (3). Column
(1) shows the effect of the opening of a solar farm within 1km of a home compared to the property
value development of homes throughout the Netherlands. This effect is approximately —6% and
statistically significant at the 1% significance level. However, it is clear that this specification
does not take into account local price trends that may be correlated with the placement of solar

farms. Moreover, it is not a priori clear that the effect is confined to 1km.

To take these issues into account, a specification is estimated in column (2) in which the
control group are transactions that take place within 2-5km of a solar farm. The effect now
becomes —2.7% and is only statistically significant at the 10% significance level. Column (3)
also examines the treatment effect between 1-2km, still using the same control group. The
results show that within 1km the effect is —2.8%. The effect is somewhat imprecise and again
statistically significant only at the 10% significance level. There is no statistically significant

effect at 1-2km (if anything, the effect is slightly positive).

Next, in column (4) we consider an even more local control group by only including observations

within 2km of a (future) solar farm only. The results are similar: house prices decrease on
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average by 3.1% after the construction of a solar farm. The effect is again marginally significant.

Furthermore, it could be argued that the effect of solar farms actually pick up the effect of
wind turbines, because they might be located close to each other. Hence, we add a dummy
indicating whether there is a wind turbine within 2km in column (5). The effect of solar farms
is still —3.2% and again marginally statistically significant. This is not too surprising as the
correlation between wind turbine locations within 2km and solar farms within 1km is only 0.02.
The negative effect of wind turbines is statistically insignificant because the sample only includes
very few turbines. Interestingly, the point estimate is larger than the baseline estimate. Looking
more closely at the turbines in this sample confirms that these are generally newer and taller

turbines.

Finally, we identify the effect based on variation the the opening dates of solar farms only. The
result is reported in column (6). In this case the point estimate is still —1.8% but the effect is no
longer statistically significant. This is not surprising as now we only include 2,519 observations

in the regression.

Overall, these results show that there is suggestive, albeit robust, evidence, that property values
decrease by 2-3% within 1km of a solar farms. Hence, the effect is of the same order of magnitude,
but more localized than the effect of wind turbines. The number of transactions and homes
within 1km is, however, much more limited. Future research, possibly in other countries and at

a later date, should determine whether the results found here are robust.

5.6 Qwerall losses in property values

Given the regression estimates we can calculate the ‘back-of-the-envelop’ total loss in housing
values as a result of the construction of wind turbines and solar farms in the Netherlands. For
wind turbines we use the estimates that discriminate between the height of a turbine and the
distance of a property to the nearest turbine reported in Figure 7. For solar farms we rely on

the estimate reported in column (4) in Table 5.

Using data from BAG (i.e. the Building Register) we calculate the number of residential properties
in each distance band from each wind turbine and solar farm. Furthermore, we calculate real
average house prices within 2km of a wind turbine and 1km of each solar farm. Before we

move to the results, we caution that the numbers should be interpreted as back-of-the-envelop
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TABLE 6 — WIND TURBINES AND SOLAR FARMS: TOTAL EFFECTS ON HOUSE PRICES
(1) (2) (3) (4) (%)

Wind turbines Solar farms
All <50m 50-150m >150m All
Total loss in €(millions) 4,419 193 3,238 988 84
Average loss in € 3,676,000 948,000 3,651,000 8,819,000 2,808,000
Average loss in € per MWh 923 2,907 923 996 276
Median loss in € 166,000 246,000 145,000 109,000 476,000
Median loss in € per MWh 89 844 45 10 63

Notes: We assume that a wind turbine of 1 MW delivers 365 x 24 x 0.304 = 2, 663MWh, where 0.304

represents the capacity factor, which we obtain from the Energey Information Agency. A solar farm

with a nominal peak power of 1 MWh delivers 0.85 x 1,000,000 x 1 = 0.85 million kWh.
calculations as we have to make several simplifying assumptions. First, we assume that the
relative price decrease estimated for the owner-occupied housing market carries over to the rental
market. Second, we assume that the average price effects of turbines and solar farms apply to

properties throughout the Netherlands; so we abstract from any heterogeneity in the price effect

other than the heterogeneity in distance to and height of the wind turbine.

The results for wind turbines, reported in Table 6 show that the total loss in housing value
is about €4.4 billion, which is substantial. The replacement (construction) cost of 3, 506 MW
installed capacity of wind turbines on land in 2019 is roughly €4.5 billion. So the overall loss in
house values is about equal to the overall construction costs. Because there are so few properties
within 500m of a turbine, only 0.7% of the total loss accrues to properties within 500m of a
turbine, while 10% of the loss is borne by properties within 1km of a turbine. The average loss
per turbine built on land is €3.7 million. The average loss per MWh is about €3.5 thousand.
These results suggest that when placing wind turbines it is important to take into account the

additional external costs.

However, the average loss per turbine may be somewhat misleading as most of the total loss is due
to a few turbines that are close to residential neighborhoods. More specifically, it appears that
just 25 turbines account for almost 50% of the total loss. This shows that it is very important
to build turbines not too close to residential properties. Indeed, the median loss per turbine is
much lower and about €166 thousand, or about €89 per MWh. Given the construction costs of

about €1.27 million per MW, and the median installed capacity of 3MW, the median loss in
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housing values is about 4.4% of median construction costs.

Note that the median loss per MWh varies considerably across turbines of different heights. For
example, because tall turbines generate more power, the median loss per MWh is about €10,
while it is €844 for low turbines. Hence, despite smaller effects of low turbines, the loss in power

do not make it more efficient to build low turbines.

Let us now consider the impact of solar farms. Because there are yet much fewer solar farms
constructed, the total loss is just over €84 million. However, the average loss per solar farm is of
the same order magnitude as the costs of wind turbines. Here it also seems more informative to
look at the median loss of a solar farm, which amounts to about €0.5 million, which is somewhat
larger than the median loss for one turbine. However, this is mainly because solar farms are
generally larger and generate more capacity. The median loss per MWh is €63, which is in the

same order of magnitude as the median loss per MWh for wind turbines (€89).

Given that the estimates for solar farms are imprecise, these results seem to suggest that when
looking at the average loss in housing values per MWh, it does not matter much whether solar
farms or wind turbines are constructed. Still, the large differences between the average and
median loss per turbine/solar farm strongly confirms that choosing sparsely populated areas to
build turbines/solar farms is important. For solar farms these areas may be easier to find, as
the impact area of solar farms seems to be confined to 1km instead of about 2km for turbines.
On the other hand, the land beneath solar farms cannot be used for other purposes, while land

close to turbines can be used for crops or livestock farming.

6 Conclusions

Producing energy in a sustainable way is an important step towards a climate-neutral economy
with net-zero greenhouse gas emissions. Wind and solar energy are important sources of renewable
energy. However, while reductions in COgy emissions benefits the whole population, external
effects are borne only by households living close to production sites. Hence, insights into these
external effects is paramount as the size of external effects is directly informative on the local
support for the opening of production sites, such as wind turbines and solar farms. In this study,
a long panel dataset on house prices between 1985 and 2019 from the Netherlands is used to

measure the effect of the proximity of wind turbines and solar farms on property values.
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Our results suggest that the opening of a wind turbines decreases house prices within 2km by
1.8%, on average. It is particularly the first turbine that reduces house prices; hence to mitigate
external effects, turbines should be concentrated in wind farms. Moreover, we are particularly
interested in the effects of turbine height, as the variation in turbine height may partly explain
why different studies find considerably different estimates. Moreover, tall wind turbines become
an increasingly common sight in recent years. For a turbine taller than 150m we find that the
effect is on average —5.4%. The impact area is about 2km. Instead, a small turbine below 50m
has only a small effect which at most distances is not statistically significant and the effect
quickly dissipates after 1km. Thus, turbine height is an important source of heterogeneity in the

effect of turbines on property values.

This study also investigates the impact of solar farms on house prices. Due to possible noise
disturbance, reflection of the sun, but also visual pollution, a solar farm can have a negative
impact on property values. The effects of this are expected to be more local because these solar
farms are less visible than wind turbines and noise reflection also probably does not reach that
far. We find suggestive evidence of a decrease in property values of on average 2-3% after the
placement of a solar farm. This effect is confined to 1km. However, our data shows that the
number of property transactions within 1km of solar farms is still very limited, which is mainly
because most of these solar farms have only been realized in recent years. The low number of

treated observations imply that our estimates are only marginally statistically significant.

Our back-of-the-envelope calculations document that the total loss in house value as a result of
wind turbines is about €4 billion, which is about equal to the replacement costs. Interestingly,
1% of the turbines account for about 50% of the loss in housing values. This confirms that the
choice where to build turbines is key; to mitigate losses in housing values turbines should be

placed in sparsely populated areas.

The median loss per MWh produced is €89, but this varies considerably across turbines of
different heights. For example, for tall turbines the median loss per MWh is about €10. This
suggests that it is worthwhile to build tall turbines. The median loss per MWh for solar farms
is €63, so the losses in housing values are in the same order of magnitude as the median loss for
wind turbines. Hence, building solar farms instead of wind turbines does not necessarily seem to

be a way to avoid external effects of renewable energy production.
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Appendix

TABLE A1 — NON PARALLEL TRENDS DID MODEL,

2-3KM CONTROL GROUP
(Dependent variable: the logarithm of house prices)

(1)

Non-parallel

trends

Wind turbine placed <2km -0.0183%%*
(0.0068)
Housing characteristics v
Postcode fixed effects v
Year and month fixed effects v
Treatment group X controls v
Observations 710,703
R? 0.92

Note: This table is based on data from the Dutch Associ-
ation of Realtors (provided by Brainbay) between 1985
en 2019. Standard errors are clustered at the neighbor-
hood level and are in parentheses. Significance levels: ***
p<0.01, ** p<0.05, * p<0.10.

TABLE A2 — TURBINE HEIGHT, IMPACT AREA AND HOUSE PRICES
(Dependent variable: the logarithm of house prices)

) (2) ®3) (4) ()

Turbine Time Height Distance Distance &
height periods (+ time periods) (<2.5km) height
Wind turbine placed <2km see Fig. 4a  see Fig. 5 see Fig. 4b see Fig. 6 see Fig. 7

Housing characteristics v v v v v
Postcode fixed effects v v v v v
Year and month fixed effects v v v v v

Observations 290,002 290,002 290,002 491,337 491,337
R? 0.92 0.92 0.92 0.92 0.92

Note: This table is based on data from the Dutch Association of Realtors (provided by Brainbay)
between 1985 en 2019. Columns (1)-(3) are based on the (time variation only) model presented in
Table 3, column (4). Column 3 adds interaction effects between the treatment indicator and 5-year
time periods (see column 1). Columns (4) and (5) are also based on time variation in opening dates
only but include transactions up to 2.5km of the nearest wind turbine. Standard errors are clustered
at the neighborhood level and are in parentheses. Significance levels: *** p<0.01, ** p<0.05, *
p<0.10.
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