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Abstract
Since 2009/10 Poland has experienced a dynamic growth of wind energy production. Currently, wind
energy is the most popular resource of renewable energy in Poland. Despite the importance of wind
energy for the Polish economy, there is no reliable and comprehensive research on the causal effects of
wind farm facilities on property prices.

The aim of this article is to critically review existing research related to the impact of wind farms
on prices of nearby residential properties. The article concentrates on Polish as well as international
scientific literature. Besides presenting the main findings obtained from the review of literature, the
article clusters these findings based on information that is crucial to the analysis: methodology, data,
and subject of study. The literature review is followed by a description of the characteristics of wind
energy in Poland, which includes differences in the location of wind farms between Poland and other
countries. The article concludes that despite the fact that some international research points to a
significant causal effect of wind farms on property prices, these results cannot be easily transposed to
Polish circumstances. Based on the reviewed literature, the article moreover shows directions for
improving future analyses in Poland, particularly with respect to the methodology.
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1. Introduction

Renewable energy (RE) is an alternative to conventional energy resources such as oil, gas
and, specifically in the case of Poland, coal. The key advantages of RE are well-known and include,
among others: the reduction of greenhouse gases and dust released into the atmosphere, and the
inexhaustibility of energy supplies. Nowadays, Poland is forced to successively increase the share of
RE in its total energy balance, particularly due toapproved international agreements (e.g.
Directive 2009/28/EC, 2020 Climate and Energy Package, Kyoto Protocol). Some changes in that
respect are already taking place through investment incentives in the form of EU grants or subsidies
for “green energy”. Due to the energy potential of RE resources in Poland and the efficiency of energy
production, priority has been given to biogas and wind energy. However, thanks to moderately good
wind conditions, a system of subsidies and donations for wind energy, reliable technology used for
constructing wind turbines and the smaller complexity of the project venture than in the case of biogas
plants, wind energy is currently the most popular source of RE in Poland.

The dynamic development of wind turbines currently observed in Poland is followed by
increasing public debate and research on the impact of RE (both at the macro- and micro-level).
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Opponents of wind energy argue that the construction of wind farms is associated with high social
and economic costs, such as: 1) the deterioration of living conditions and a negative influence on
health (noise, infrasounds and low frequency sounds, shadow flickering, vibrations), 2) spatial
disorder and other vista effects, 3) a negative impact on birds and bats, and 4) a negative impact on
property values located in the “wind farm influence zone”. They postulate the introduction of special
buffer zones, defined by the minimum distance of wind turbines from the nearest buildings. They also
opt for financial compensation due to their negative impact on housing values. In contrast, supporters
of wind farm development (including the strong lobby of RE developers and manufacturers) counter
the opponents’ arguments, pointing to the lack of conclusive evidence regarding the negative impacts
of wind farms. Furthermore, they claim that wind farm facilities may even have positive effects
on property values by increasing the attractiveness of the municipality, in which the RE plant is
located (e.g. the creation of new jobs, a positive image of a pro-ecological municipality, etc.).

The aim of this research is to provide an in-depth analysis of the existing research on the economic
consequences of RE infrastructure in Poland. The focus of the analysis is, however, placed mainly
on wind farms and their effects on housing prices. Given the recent patterns in energy production
in Poland and the evolving debate on the consequences of the development of RE sites, the present
article structuralizes existing knowledge and discusses recent evidence regarding the analysis of the
economic effects of wind farm facilities on housing prices. Despite the importance of these results to
the economy, there is no reliable and comprehensive source of knowledge regarding the role of RE
sites on the value of properties in Poland. The goal of the article is, thus, to complement and
synthesize existing empirical evidence and suggest the most appropriate methodology for future
research to provide accurate and reliable results.

The research is conducted based on a review and discussion of the main findings obtained from
existing literature on the topic. The description of the results is then synthesized in a table that groups
them according to information which is essential to the final outcome, i.e.: methodology, data, subject
of the study. By doing so, the article provides comprehensive data on the existing research, enabling
comparative analysis. The review of literature is furthermore complemented with a description of
wind energy production in Poland. While focusing on Poland, the research indicates differences
between wind farms located in Poland and in the compared countries (where most of the quantitative
analyses have been so far carried out). The results show that, in Poland, current research regarding the
impact of wind farms focuses mainly on cost-benefit analysis (e.g. LIGUS 2009) or qualitative analysis
(e.g. HRYNKIEWICZ 2014). Quantitative and reliable analyses are, however, scarce. On the other hand,
in international scientific literature, there is a growing interest in statistical and casual analysis of the
impact of wind farms on housing prices. The obtained results show either no statistical significance
(e.g. SIMS et al. 2008; CARTER 2011; HOEN 2013), or a statistically significant negative causal effect (e.g.
HEINTZELMAN, TUTTLE 2011; SUNAK, MADLENER 2013; DROES, KOSTER 2014). The article concludes that
there is a need to conduct reliable quantitative analysis that uses appropriate methods to assess the
economic consequences of wind farms in Poland. Finally, the article suggests and briefly describes the
research methods that are now most commonly used in international research regarding the topic and
could also be applied in the case of Poland.

The paper is structured as follows. First, the current situation of wind energy in Poland is
characterized and summarized in SWOT analysis. The next section presents the topic in a comparative
- international level - framework. The third section focuses on reviewing the most crucial research
on the topic. The fourth section presents the main quantitative methods used for the evaluation of
the effects of the external factors on housing prices. Finally, section five concludes the work and
presents the directions for future research regarding the evaluation of the impact wind farms have on
housing prices.

2. Wind energy sector in Poland

Poland is a country in transition with respect to the production of energy. Currently, the country is
experiencing a change from coal monoculture to the diversification of energy resources. Prior to 1989,
the Polish economy was mostly based on heavy industry, which needed cheap, easily available and
reliable sources of energy. To a large extent this was possible thanks to the massive resources of coal.
In 1989, Poland was producing app. 175.9 mega tons of steam coal, being one of the top coal producers
in the world (Energy Resources in Poland). However, along with the structural transition from heavy
industry to a service-based economy, the need for coal production has been gradually decreasing.
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Other factors that contributed towards the change in this status quo included: the need to diversify
energy resources (due to reasons connected with energy security and political pressure), increasing
costs of coal-mining, obsolete technology, environmental protection, and pressure for so-called
sustainable development. As a result, in 2013, Poland produced 65.97 mega tons of steam coal (10t
place in the world), which constitutes a drop of over 60% as compared to 1989 (Enerqy Resources
in Poland). Despite this dramatic decline in coal production, coal is still the top source of energy in
Poland. This situation is specifically affecting the generation of electricity, because heat production is,
to a certain degree, supported by the import of gas. In 2013, 84% of electricity in Poland was generated
from coal (both steam and brown coal), (Energy Statistics in 2012 and 2013). Polish dependence on coal
as the prime source of energy is, however, dangerous for political, environmental and economic
reasons.

Since the accession of Poland to the EU there has been political pressure - both at the national and
international level - to increase the share in energy production from other sources of energy, in
particular from RE. Poland is also officially obliged by the EU law (e.g. Renewable Energy
Directive 2009/28/EC) to increase the share of RE in total gross energy consumption to 15% by 2020
(from 7.2% in 2005). Detailed goals related to RE in Poland, together with actions plans, are described
in documents of strategic and legal importance at the state level (e.g. Energy Policy of Poland until
2030, National Renewable Energy Action Plan).

Among the existing renewable resources, the most popular alternative to conventional sources
of energy in Poland is wind energy. A brief summary of the present situation regarding this source of
RE in Poland has been presented in the form of a SWOT! matrix in Table 1. In 2014, nearly 50% of all
electricity produced from RE was generated from this source (Global Wind Report ...2014). The Polish
market for wind farms is, however, still developing, and since 2009/10, Poland has experienced a
dynamic growth, both in terms of annual consumption and installed power generation capacity of
wind energy. Between the years 2013 and 2014, total consumption increased by almost 28%, and the
total installed power generation capacity by 13% (see Fig. 1 and Fig. 2).
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Fig. 1. Annual consumption of wind energy in Fig. 2. Cumulative installed power generation
Poland (TWh/year). Source: own work based on  capacity of wind energy in Poland (MW). Source:
Global Wind Report...2014. own work based on Global Wind Report...2014.
Table 1
SWOT analysis for wind farm market in Poland
Strengths Opportunities
— Inexhaustible and renewable source of energy = — EU and international pressure to increase the
— The most popular RE source in Poland (app. country’s level of RE balance
50% share in the total RE electricity balance) — Policy pressure at the state level to develop RE
— Reduction of the greenhouse effect — Donations and system of subsidies for
— Local taxes for the commune electricity that is produced from wind turbines
— A positive (pro-ecological) image communities (e.g. donations for the development of

1SWOT analysis is a framework commonly used to evaluate the strengths (S), weaknesses (W), opportunities (O) and threats (T)
of an organization.
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where wind farms are located infrastructure, green certifications, obligation
— New wind turbines based on high technology for electricity providers to purchase energy
that helps to optimize the production of RE produced from renewable sources)
— The lack of odour emission (contrary to biogas
plants)
Weaknesses Threats
— Stigmas: area, nuisance, scenic vista, (HOEN et - Implementation of legal regulations limiting
al. 2009), wind farm anticipation stigma the development of wind farms (i.e. strict
(HINMAN 2010) noise and distance setbacks)
— Location that depends on wind conditions — Public (local) protests against development of
— Limited effectiveness (many turbines produce wind farms
less than 30% of their production capacity) — Change in national energy strategy (i.e. focus
— High costs - production of energy is more on nuclear energy or other renewable sources
expensive than in the case of conventional of energy)
sources — Closure of the system of subsidies for the
— Expensive technology (mainly imported from development of RE resources (donations,
Western European countries) green certificates, etc.) from the EU and within
— Competitiveness that depends on the system the country

of incentives and donations

Source: own work.

3. Wind farm location - a national perspective

Although there are differences between Poland and other EU countries with respect to the legal
and administrative procedures that take place from the moment the decision to build a plant is made
to the actual start-up of the plant - they are not important to this study. As the analysis of other EU
countries shows, the procedure is similar and, in general, comes down to the need to obtain building
permission as well as permission to connect a wind turbine to the power grid, and undergoing
environmental impact assessment. More specific legal requirements that are needed for building wind
farms will, thus, not be elaborated on in this section. Instead, the section will reveal and discuss
the main discrepancies that may be observed between the countries and relating to regulations
concerning the location of wind farms in developed residential areas.

In Poland, there is a lack of legal norms regarding the minimal distance (the distance setback) of
a wind turbine from the nearest residential area. There are, however, regulations that refer to the level
of noise emitted, which depends on the time of day. For instance, for one-family residential houses the
noise limit is equal to 50 dB during the day and 40 dB at night, whereas for multi-family residential
houses - 55 dB in the day and 45 dB at night (Regulation of the Minister of the Environment...2012). The
level of noise is measured when the speed of the wind is below 5 m/s, which does not reflect the real
intensity of noise generated by wind turbines working at their effective level, which is estimated at
approximately 10-12 m/s. Therefore, according to the Supreme Audit Office in Poland, the
methodology of measuring noise emission does not guarantee a reliable assessment of wind farm
location (Location and Construction of Wind Farms...). Furthermore, the development of a new
technology that is used in wind turbines contributes to lower levels of noise. As a consequence, noise
regulations results in wind turbines being located in close proximity of residential houses.

In other countries, different approaches to regulating the location of wind farms in developed
residential areas exist. For example, in Denmark, distance setbacks are defined by the noise
regulations (for the open countryside: 42-44 dB; for noise-sensitive land use: 37-39 dB; depending on
the wind speed), and distance regulations (minimum distance from nearby houses is 4 times the total
height of a turbine). On the other hand, in the Netherlands - similarly to Poland - there are noise
emission limits (a daytime limit of 47 dB and night limit of 41 dB calculated based on the average
annual noise emission) (NIEUWENHUIZEN, KOHL 2015). However, recently the Netherlands also passed
a law establishing a list of new wind farm locations (in chosen regions) (DROES, KOSTER 2014).
In Germany, at the federal level, there is a law defining the minimum distance by noise regulations (in
the country, villages and mixed areas: 45 dB; mostly residential and small urban areas: 40 dB; purely
urban areas: 35 dB; noise limits calculated cumulatively, i.e. with other sources of noise). At the state
(land) level, German lands may implement additional limitations (i.e. distance setbacks) for wind farm
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locations (NIEUWENHUIZEN, KOHL 2015). In the USA, regulations vary between the states, despite the
fact that the New York State Energy Research and Development Authority recommends that the wind
turbines should be located at least app. 300 m away from residential areas (HEINTZELMAN, TUTTLE
2011). Finally, in England, there are no minimum national distances or noise setbacks for wind
turbines (SMITH 2015).

Poland and other countries differ not only in terms of legal aspects concerning the location of wind
farms, but also in their socio-economic background related to the production of wind energy.
Contrarily to Poland, all of the above-mentioned countries have been developing wind energy
production for decades. As a result, the production of wind energy in these countries constitutes a
high share of total energy production. People living in these countries are already accustomed to the
land image shaped by wind turbines. Moreover, wind farm investors take into account the interest of
stakeholders and, despite the fact that in England and in Wales there are no distance or noise setbacks
for wind turbines, wind power plants are rarely located close to residential houses. In the USA, due to
the huge acreage of land, wind farms are mostly dispersed and their vista effects differ substantially
when compared to the Netherlands or Denmark. Given these differences, existing research focusing
on various countries should be considered with caution, as it encompasses the endogenous
characteristics of the region for which it is performed, and thus, cannot be easily transposed to Polish
circumstances.

4. Existing national and international research: Literature review

Polish scientific literature related to the valuation of the effects of wind farms on property prices
is rather limited. In general, existing literature may be divided into two main research streams. The
first stream of research (e.g. HRYNKIEWICZ 2014) focuses on qualitative analysis and is mostly limited
to characterizing the advantages and disadvantages of wind farm locations in Poland. The second
stream of research (e.g. LIGUS 2009), in turn focuses on the cost-benefit analysis of wind farm
installation. However, both research domains neglect the quantitative effects of wind farm installation
on nearby properties. Only recently, have some attempts to identify these effects been undertaken. In
particular, KOMORNICKI et al. (2011) present a study that constitutes a part of an expertise ordered by
the Marshal's Office of the Pomeranian Province from the Polish Academy of Sciences. In their
research, they first study the changes in offer prices for properties located near a wind farm situated in
Dobrzyn (Pomeranian Province). Next, the analysis is extended to include 3 other wind farm facilities
situated in Karlino, Dobrzyn and Kisielice. The analysis in this case is based on transaction prices
obtained from the Agricultural Property Agency. In both cases, they limit the scope of the analysis
to the distance from the wind farm. The research focuses on the effects on properties located within 8
km of a wind farm. Quantitative analysis in both parts of the research is limited to the examination of
basic descriptive statistics (mean offer and transaction price, and volume of sales). The reliability of
these quantitative findings is, thus, questionable.

On contrary, existing international scientific literature on the effects of RE and, in particular, wind
farm locations on the prices of nearby properties is considerably well developed. Within the last
decade, there has been increasing interest in scientific literature in identifying the causal effect of wind
farms on housing prices in Western European countries as well as in the USA. As a result, current
research on the topic is very often based on the econometric analysis of large data sources, using
advanced methods that aim to provide an unbiased, i.e. causal, estimate of the required effect.
International research focuses mostly on countries which have a substantial share of RE sources in
total energy production - mainly: Germany, the Netherlands, the USA, the UK and Denmark. Among
the most important recent studies, it is worth mentioning: SIMS et al. (2008); HINMAN (2010); CARTER
(2011), HEINTZELMAN, TUTTLE (2011); SUNAK, MADLENER (2013); HOEN et al. (2009), (2013); LANG et al.
(2014); GI1BBONS (2014); DROES, KOSTER (2014). Below, the most important findings from their studies
are briefly summarized and presented in a synthetic table at the end of the section. The aim of this
review is to show the evolution of methodological approaches, from simple hedonic pricing models
using regression analysis, to more advanced methods, such as spatial fixed effects or difference-in-
difference models.

One of the first studies that uses the regression model is that of SIMS et al. (2008), whose aim is
to quantify the impact of wind farms on housing prices in the UK. The time span of the research is
limited to the period of 2000-2007. The analysis is, moreover, limited by the distance of the wind farm
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to nearby houses, which is set at app. 0.8 km, and neglects observations beyond this distance. The
resulting sample used for estimating the impact is relatively small and consists of 201 individual
observations from 16 wind turbines. SIMS et al. (2008) aim to estimate the effect of wind farm location
controlling for other factors that could potentially affect housing prices. In particular, they account for
such variables as: house characteristics, view, wind farm characteristics, and the year of the sales
transactions. Controlling for the visibility of wind turbines, they provide some evidence that certain
factors such as noise or flicker from the wind turbine might influence the price of the property.
Overall, however, their results do not reveal a significant causal effect of wind farm location on
property prices (SIMS et al. 2008).

On the other hand, HINMAN’S (2010) study examines the influence of wind farm proximity
on housing prices in Illinois (USA) and changes in price depending on the stage of wind farm
development. She shows that there is a change in the price of properties even before the actual
building of the wind farm. In particular, she finds statistically significant evidence that “properties
near the eventual wind farm site were valued less on average than properties located farther away
from the eventual wind farm site” (HINMAN 2010), even though the wind farms had not yet been
approved. She termed this finding “wind farm anticipation stigma”. Her findings also reveal that as
the development stage advances, the impact of the wind farm on housing prices diminishes. Hinman
suggests that this might be due to the fact that the “unfamiliar’ is becoming “familiar”, and thus
people becoming accustomed to the new circumstances shaped by wind turbines. The results show
that following the actual construction of the wind farm, prices of nearby houses appreciated faster
than those of houses located farther away (HINMAN 2010).

FOLLOWING Hinman (2010), Carter (2011) noticed that four separate stigmas related to wind farm
development can be distinguished. Three of them were defined by HOEN et al. (2009), namely: area,
nuisance and scenic vista stigmas, whereas the forth - wind farm anticipation stigma - by HINMAN
(2010). The main characteristics of all four stigmas have been presented in Table 2.

Table 2
Characteristics of stigmas connected with wind farms
Stigma Author Description Impact
Nuisance Hoenet  Turbine noise or shadow flicker Nearby houses
al. 2009
Area Hoenet  Turbine presence affects surrounding area (becomes  Nearby and more

al. 2009  more developed), regardless of the visibility criteria =~ remote houses
from an individual house

Scenic vista Hoenet  Turbine visibility degrades a scenic vista Nearby and more
al. 2009 remote houses

Wind farm  Hinman Uncertainty as to where and when turbines will be Nearby and more

anticipation 2010 located remote houses

Source: own work based on CARTER (2011).

In his study, CARTER (2011) particularly focuses on the area stigma arguing that the “area stigma is
the most important to test for because the different stigmas are not mutually exclusive. As area stigma
is the most general of stigmas and easiest to test for, it makes sense to test for its presence first and
investigate further if necessary”. He investigates 1,298 observations from the period of 1998-2010
registered in Lee County, Illinois (USA). The findings do not reveal statistical evidence for the
hypothesis that wind farms affect nearby houses. His results are consistent with HOEN et al. (2009,
2013), who also examined Lee County in a broader analysis that also covered other counties from
various American states.

The study of HOEN et al. (2013) constitutes a comprehensive analysis of the impact of wind farms
on housing prices in the USA, covering 9 states (27 counties) and over 51 thousand observations
between 1996-2011. Despite the fact that HOEN et al. (2013) collected a substantial dataset, they were
not able to find statistical evidence that the prices of houses located near wind farms were affected in
any phase of the development of these complexes. This lack of an effect might be the result of a limited
sample of data concerning houses located less than 1.6 km away from wind farms. HOEN et al. (2013),
however, suggest that, based on up-to-date experience (e.g. studies of the impact of high-voltage
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transmission lines on property values), there are basis to expect a small negative impact of wind farms
(less than 4%). They conclude that data collected on houses located in the nearest proximity of wind
farms is crucial for the analysis and understanding of these effects.

Contrary to CARTER (2011) and HOEN (2013), HEINTZELMAN and TUTTLE (2011) find statistically
significant evidence for the impact of wind farms on housing prices in the case of New York state in
the USA. Their analysis relies on a sample size of 11, 369 sales transactions covering the period of
2000-2009. To investigate the causal effect, they use a regression model based on repeat-sales data. The
repeat-sales method allows for analyzing only houses that were sold at least twice during analyzed
time span. The dataset structure thus makes it possible to control fixed effects connected with the
internal characteristics of a house. The results obtained from their research reveal a 10.87-17.77%
decrease for properties located less than app. 0.8 km from a wind turbine, and around a 7.73-14.87%
loss in the property values for a distance of app. 0.8-1.6 km.

Another seminal work with respect to the identification of the effect of wind farms on property
prices is the work of SUNAK and MADLENER (2013), who focus on the German market. Their analysis is
carried out for the North Rhine-Westphalia region, covering the period of 1992-2010, and containing
1,405 observations. The analysis is based on a “hedonic pricing model, using both a spatial fixed
(viewshed) effects (accounting for spatially clustered unobserved influences) and Geographically
Weighted Regression (GWR) model (accounting for spatial heterogeneity)” (SUNAK, MADLENER 2013).
They argue that controlling for visibility effects makes it possible to account for the importance
of the view of wind turbines from the houses that might be hidden by merely the proximity factor. For
instance, even though a house might be located in the immediate neighbourhood of a wind turbine, its
effects might not be noticed since the house may be separated by a kind of infrastructure, trees or
landform, which basically makes the turbine invisible. SUNAK and MADLENER (2013) control the
visibility of wind farms using a GIS application, which allows for accurate derivation of views for each
property in 3D. The results obtained from the GWR model reveal no statistical evidence for the impact
of visibility. Results based on spatial fixed effects (4 various models) and the GWR model, however,
show that wind farm proximity has a significant effect on housing value. Results obtained from the
spatial fixed effects model reveal a negative effect of wind farms of around 21.5-29.7% for 0-1 km. For
further distances (1-1.5 km) the negative impact is lower (15.3-17.5%) and less statistically significant
(significance at the level of 10%). The results obtained for distances of over 1.5 km from a wind farm
show a negative and decreasing impact; they are, however, not statistically significant.

Recently, Lang et al. (2014) examined the impact of individual wind turbines on housing values
in Rhode Island - the smallest state in the USA. Contrary to research conducted by HOEN et al. (2013),
this study focuses on relatively densely populated areas. As a result, the dataset used for the analysis
contains 48,554 observations in a fairly small study area. The database also includes 3,254 observations
located less than 1.6 km from a turbine, of which 584 observations (1.2% of the total sample) are
located less than 0.8 km from a turbine. Furthermore, the wind turbines analyzed by LANG et al. (2014)
were relatively small, ranging between 47-123 meters high with a nameplate capacity between 0.1-
1.5 MW. Their analysis relies on the difference-in-difference model. The use of this model requires the
researcher to possess data that relate both to the period before and after the building of the farm.
According to the authors, the results reveal that “wind turbines have no statistically significant
impacts on house prices, in either the post public announcement or post construction phase. The
difference-in-difference models indicate that turbines are built in less desirable areas to begin with,
which is consistent with intuition, because several turbines are built near highways or industrial
areas” (LANG et al. 2014). They conclude that the analysis should be repeated to improve the accuracy
and consistency of the results once newer data become available.

Similarly to LANG’s et al. (2014) analysis, GIBBONS (2014) also applied a hedonic regression model
with the use of the difference-in-difference estimation method. His analysis focuses on wind farms
located in England and Wales. The study covers nearly 38 thousand observations for the period
between 2000-2011. The research strategy followed by the author is “to compare the average change in
housing prices in areas where and when wind farms become operational and visible, with the average
change in housing prices in some comparator group” (GIBBONS 2014). The results show a decrease in
housing prices where wind turbines are visible. On average the estimated price reductions are around
5-6% for a 2 km visibility zone, less than 2% for visibility zones between 2-4 km, and close to zero for
visibility zones between 8-14 km. Based on this, the author concludes that there is a direct link
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between the price change and the visibility of the wind turbines and “price reductions are directly
attributable to turbine visibility” (GIBBONS 2014). The uncovered changes in housing values, however,
also relate to physical aspects of visible wind turbines, such as the quantity, size and power capacity.
For instance, wind farms having more than 20 turbines and located within a 2 km visibility zone
reduce prices, on average, by nearly 12%, whereas wind farms with fewer than 10 turbines affect
house prices by only 5% (GIBBONS 2014).

Recently, DROES and KOSTER (2014) also followed the difference-in-difference estimation strategy
and examined a huge dataset of housing transactions in the Netherlands covering the period 1985-
2011 (app. 150 thousand observations). Contrary to American researchers, they focus on individual
wind turbines in order to: “accurately measure the effect of distance (to the nearest turbine), the
impact of wind turbine characteristics (e.g. height, diameter of blades, “shadow” areas, direct view),
and the effect of multiple treatments (number of wind turbines)” (DROES, KOSTER, 2014). Their results
suggest that after the construction of a wind turbine, house prices decrease, on average, by 1.4% to
2.3% if they are located within 2 km zones from a turbine. The analysis also reveals that the negative
effects of turbine presence are already experienced 3 years prior to wind turbines becoming
operational, which may be attributed to the anticipation stigma described by HINMAN (2010).

Finally, despite the recent evolution of quantitative research concerning the effects of wind farms
on housing prices that are based on transaction data, survey-based analyses also exist (e.g. KHATRI
2004). One recent study of this kind was conducted by WALKER et al. (2014) who examined the
perception of the impact of wind turbines on real estate values. This micro-level analysis carried out in
Ontario, Canada, combines face-to-face interviews with a community survey from the neighbouring
areas affected by the proximity of wind turbines. The findings are not consistent among the examined
communities. WALKER et al. (2014) argues that, despite the evolution of quantitative research on the
topic that provides hard data, the sociological approach should not be neglected as “homes that are
very negatively affected by the development may not be part of the dataset at all”(WALKER et al. 2014).
So far, due to the scarcity of data on housing transactions within the nearest proximity of wind
turbines (i.e. 0.5 km), econometric research fails to present statistically significant results that confirm
their negative effects on housing values. This data limitation results in the inability to explain the real
impact of wind turbines on the closest neighborhood and quantify the impact of turbine noise and
visibility effects, which are mostly experienced in the immediate surroundings.

Table 3

Synthesis of existing empirical research on the causal effects of wind farms on property prices

Y f  Country of Estimated Subject
Author(s) earo ounty | eetmated Methodology Data ubjec
survey survey impact on prices of study
16 wind
SIMS et al. 2008 2000- UK (Cornwall)  No Multlva?rlate linear 201 turbines (each
2007 regression app. 60 m
high)
Negative for
. anticipation
HINMAN 2010 2001- ﬁiﬁeggmms' stigma (-11.8% for Regression based on 3851 Wind farms
2009 ca. 0-4.8 km)and DID model ’ (2facilities)
County)
none for area
stigma
Negative: Repeat-sales .
HEINTZELMAN,  2000- 5q )y 10.9% to-17.8%  regression 11,369  \Vind farms (5
TUTTLE 2011 2009 facilities)
for 0-0.8 km framework
1998- USA (Illinois, Multivariate linear Wind farms (3
CARTER 2011 2010 Lee County) No regression 1,298 facilities)
USA (9 states: Regression based
HOEN et al. 1996- IA, IL, MN, NJ, No DID model 51276 Wind farms
2013 2011 OH, OK, PA, (proximity of wind § (67 facilities)
WA, NY) turbines)
SUNAK, 1992- Germany Negative: Hedonic pricing Wind farm (9
MADLENER 2010 (Rheine, -21.5% t0-29.7%  model, using botha 1,405 turbines, each
2013 Neuenkirchen) for 0-1 km spatial fixed effects 1,5 MW and
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(viewshed) effect 100 m high)
and GWR model
Regression based on

LANG et al. 2000- USA (Rhode No DID model 48 554 Individual

2014 2013 Island) (proximity and ’ wind turbine
viewshed)

Regression based on Wind farms

Negative: app. (mean turbine
Gmrons2014 o000 EBnglandand g0, 5gq,  DIDmModel 58000 has11 turbines
2011 Wales (visibility from wind . .
for 0-2 km farms) with a capacity
arms of 18.6 MW)
Regression based on
DROES, KOSTER  1985- Netherlands Negative: -1.4% to DID model app. Individual
2014 2011 -2.3 (0-2 km) (proximity of wind 150,000 wind turbines

turbines)

Source: own work.
5. Hedonic pricing model

The review of literature presented in the previous section suggests that, over the last years,
researchers interested in the problem of the impact of wind farms on nearby housing prices have
moved towards more reliable quantitative analysis. Econometric models applied to real estate
transactions have, thus, became commonly used methods to estimate property prices and explain the
relationship between the variables shaping those prices. Since the use of these models often requires a
solid background in econometric modelling, they are used particularly by scholars working in this
field (e.g. BITNER 2010; Czaja, Licas 2010; SAwiow 2010; CELLMER, SZCZEPANKOWSKA 2015).
Econometric models enable market phenomena to be explained in a broader spectrum and provide a
basis for statistical inference. On one hand, they are useful in simulating transaction prices, but on
the other hand, they are also important for predicting the response of the prices to external effects
(CELLMER, SZCZEPANKOWSKA 2015).

Econometric models used to estimate property values determined by both internal and external
factors are commonly referred to as hedonic pricing models (HPM). As stated by SIRMANS et al. (2005),
the basic HPM for real estate takes the following form:

Price = f(Physical Characteristics, Other Factors) 1

In this model, physical characteristics represent internal attributes, while other factors stand
for external attributes. Following Sirmans et al. (2005), Carter (2011), for instance, defined the general
HPM for real estate as the selling price, being a function of both house and neighborhood
characteristics. Regardless of the differences in labeling the different categories of variables, the
general message is the same: the equation simply says that the housing price is a function of the
physical characteristics of a house (e.g. number of bedrooms, usable area, age of building, etc.),
whereas other factors correspond tolocation and environmental/external factors, such as the
proximity to a wind turbine or its visibility.

In general, HPMs come down to regression analysis, which makes it possible to determine the
change in the property prices caused by an independent variable, while other variables are kept fixed
(ceteris paribus condition). In other words, the regression results indicate how much property values
change for a small change in each characteristic, keeping all other characteristics constant. In order
to avoid problems with the inconsistency of the results for different price ranges, HPMs define the
dependent variable as a natural logarithm of price (SIRMANS et al. 2005). Such model specification also
exhibits some desirable properties in terms of the interpretation of the estimated coefficients.
In particular, the estimated regression coefficients alongside independent variables, which are
continuous variables, may be interpreted as a percentage change in the dependent variable (price)
caused by a unitary change of the independent variable (WOOLDRIDGE 2003).

Recently, some new methodological approaches to estimating the causal effect of wind farms on
property prices have been proposed. Most importantly, most researchers now use advanced
econometric methods, which aim to account for other - previously ignored - factors that may be
important for the final results (e.g. visibility, anticipation effect). Researchers have thus moved from
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simple hedonic pricing models using regression analysis to more advanced methods, such as spatial
fixed effects or difference-in-difference models. The difference-in-difference model has some desirable
properties and has been successfully implemented in the above reviewed analyses of HINMAN (2010),
GIBBONS (2014), DROES and KOSTER (2014). It is, thus, worth discussing this model in more detail and
considering the possibility of its application Poland - a country still missing reliable quantitative
analysis of the impact of wind farms on nearby property prices.

6. Difference-in-difference model

Simple HPMs based on multivariate linear regression are mostly criticised for having problems with
heteroscedasticity and spatial autocorrelation (CARTER 2011). They also do not account for the well-
documented anticipation stigma/ effect, which leads to biased estimates. To account for this problem,
recent studies related to the valuation of the effects of wind farms on housing prices have been
extensively using the difference-in-difference (DID) model (HOEN et al. 2009, 2013; HINMAN 2010; LANG
et al. 2014; SUNAK, MADLENER 2013).

This model is the recommended tool for determining the causal effect of a certain event or policy.
The advantage of this model is that it allows for identifying the causal effect by eliminating the bias of
the estimate by double differentiation (WOOLDRIDGE 2003). When applied to wind farms and their
effect on housing properties, the model comes down to the comparison of property prices nearby a
wind farm (treatment group) with the prices of similar properties where a wind farm does not exist
(control group) at two points in time: 1) before the actual building of the wind farm and 2) after it was
is constructed. In other words: “DID models typically compare treated units to untreated units, both
before and after treatment has occurred” (LANG et al. 2014). The graphical interpretation of a DID
model has been presented in Fig. 1.

A
price area 0
Tarea 0 . .
unbiased impact
area 1
-3
area l
*
n e
"before” aiter time

Fig. 1. Difference-in-difference model applied to the analysis of building a wind farm on
property prices. Source: own work based on Wooldridge (2003).

In consequence of double differentiation (in time and location), the method allows for eliminating
the selection bias which stems from the fact that the location of wind farms may already be
unattractive before their construction, meaning that the prices of nearby houses can be lower before
the wind farm has even existed. As previous studies show (SIMS et al. 2008; LANG 2014), investors
prefer to locate wind farm facilities in places that are distant from strictly residential areas. They are,
thus, able to avoid community protests and a prolonged preparatory development process, as well as
often acquiring property rights for less attractive (and hence cheaper) locations. Using DID estimation,
it is possible to eliminate this selection bias stemming from the unobserved attributes of certain
locations, and hence focus on effective external impacts.

Formally, the basic DID model takes the form of:

price = ay + a;time2; + ayareaWF + az(time2 * areaWF) + YX a, X; + ¢ 2

Where the dependant variable is specified as the price of a property; time2 is a dummy variable
equal to 1 for the post-construction phase and 0 for the pre-construction phase, areaWF is a dummy
variable equal to 1 for the area within the influence of a wind farm and 0 for the area beyond its
influence, time2 * areaWF is the interaction term of the above-mentioned variables. Additionally,
independent variables marked asX;, which denote property and neighbourhood characteristics (e.g.
usable area, age of building, distance from a main road, etc.) are also controlled. Coefficient a3 shows
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the effective (unbiased) impact of wind farm facilities, including both price differences within and
beyond a pre-defined area of wind farm influence, and the price difference caused by time. In
consequence, coefficient a; may be interpreted as follows:

az = (prlcearea l,after - prlcearea O,after) - (prlcearea 1,before - prlcearea O,before) (3)

Where the first part of the equation shows the average price difference between the treatment
and control group in the post-construction phase, and the latter part reflects differences between the
average prices of the treatment and control groups in the pre-construction phase. In consequence,
double differentiation allows the unbiased impact of wind turbine location on property prices to be
determined.

7. Conclusion

This article synthesizes the current state of knowledge with respect to the economic impact of wind
farms on the prices of nearby houses. The analysis of scientific literature on the topic concerning
Poland reveals that, so far, it has been rather neglected. Due to the rapid development of the wind
energy sector that has been observed over the last 5-6 years, there is, however, a great need to fill this
terra incognita. International scientific literature, on the other hand, is well-developed, but focuses
mostly on Western European countries (UK, Netherlands, Germany) and the USA, which are
characterized by a highly developed wind farm infrastructure. These countries face different legal,
social and economic backgrounds in the context of wind energy than Poland. Their results cannot thus
be simply transposed to Polish circumstances.

The review of literature shows that most of international analyses of the effects of wind farms on
property prices are based on quantitative research adapting hedonic pricing models. Future studies
related to Poland should, therefore, focus on quantitative analysis to improve the reliability of the
results, mainly by incorporating the proposed methodologies (e.g. difference-in-difference estimation),
along with adjusting to conditions specific for Poland.
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