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Abstract

Whereas many studies explore the relationship between different types of nature and real estate values,
limited attention has been given to the specific influence of protected nature. Using the Hedonic Pricing
Model, this study examines the effect of protected nature, more precisely Natura 2000 sites. The findings
reveal that being farther away from a Natura 2000 site in urban areas leads to significantly lower house
prices, with being 10% farther away corresponding to a 0.99% decrease in house price. Conversely, in
rural areas there is no significant relationship between Natura 2000 sites and house prices. These
findings indicate that proximity to Natura 2000 sites is valued differently depending on the urban-rural
context. The study also compares three metropolitan areas with varying distances to Natura 2000 sites,
finding that being farther away from such sites negatively impacts property prices in cities in France at
different distances from Natura 2000 sites. Notably, the effect is strongest in Lille, the city located
furthest away from Natura 2000 sites. The findings support existing theories on the relationship between
green spaces and property values, confirming that proximity to Natura 2000 sites has a positive impact
on housing prices. The study contributes to the understanding of how environmental amenities shape
property values and informs policy decisions, highlighting the need for context-specific approaches

when considering the conservation and management of these protected areas.
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1. Introduction

Green spaces are a key component of urban solutions in cities. Urban solutions in cities refer to the
various approaches and strategies that cities can adopt to address the challenges they face, such as
environmental degradation, socioeconomic disparities, and resource scarcity (Georgescu et al., 2021). It
is common knowledge that urban greenery provides a wide range of ecosystem services, and as a result,
has a significant potential to improve the quality of life for urban residents (Chang et al., 2017).
Therefore, understanding the influence of protected nature on housing prices is important to decision-
making on policy and investment.

One of the centrepieces of EU nature and biodiversity policy with the objective of assuring the
long-term survival of Europe’s most valuable and threatened species and habitats is Natura 2000
legislation (European Commission, 2021). The legislation governing the determination and qualification
criteria for Natura 2000 sites primarily resides in the Habitats Directive (Directive 92/43/EEC). The
directive mandates that Member States of the European Union (EU) hold the responsibility of
designating and proposing Natura 2000 sites within their respective territories. The selection process
involves the identification of sites that are crucial for conserving specific habitats and species enlisted
in the directive's Annexes. To meet the directive's criteria, Member States must designate areas as
Special Areas of Conservation (SACs) to safeguard habitats or as Special Protection Areas (SPAS) to
protect bird species. These sites should fulfil specific requirements, including the presence of rare,
endangered, or vulnerable habitat types or species of Community interest, the need for conservation
measures to restore or maintain habitats and species, and the ecological coherence and representation of
these habitats and species across their natural range. Once designated, Member States must undertake
effective management and implement suitable conservation measures for the Natura 2000 sites. This
involves the implementation of necessary steps to uphold or restore habitats and species to a favourable
conservation status. Regular assessments of the conservation status of habitats and species within Natura
2000 sites are mandated, and Member States are obliged to develop management plans or appropriate
mechanisms to ensure the long-term conservation of these sites (European Commission, 2021).

Yet, preserving or reducing of these Natura 2000 sites is currently under discussion in different
European countries, for example in the Netherlands (VVan Mersbergen, 2022) and in the United Kingdom
(Laville, 2022). Importantly, natura 2000 sites are high quality nature and can have significant
ecological, environmental, and cultural values, which can positively affect the quality of life of nearby
residents. Therefore, Natura 2000 sites can be seen as amenities, and it is reasonable to expect that
proximity to Natura 2000 sites may influence property values (Gibbons et al., 2013). If proximity to
these sites is found to have a positive effect on house prices, it could, besides the reasons for preservation
mentioned in the paragraph above, also provide an economic argument for their preservation.

A study by Sijtsma et al. (2012) looked at whether exposure to ‘grey’ surroundings, such as

highly urbanized cities, makes urban inhabitants value ‘green’ areas more during their vacations.
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According to the findings, people who live in urban areas prefer green landscapes for their vacations
more than people who reside in rural areas. This suggests that the presence of Natura 2000 sites may
have a positive effect on house prices if they increase the availability of green spaces and natural
amenities in the surrounding area. The value of green space may be higher for people living in highly
urbanized areas compared to those living in rural areas, as they have less access to it in their daily lives
and may also experience more negative effects associated with urban living. One reason is that urban
residents may have less access to green space in their daily lives due to the high density of buildings and
infrastructure in cities (Haq et al., 2021). As a result, green spaces can provide a much-needed
opportunity for urban inhabitants to connect with nature and enjoy the benefits of greenery. Also, urban
residents may experience more negative effects associated with urban living, such as air and noise
pollution, heat island effects, and stress. Green spaces can help mitigate these negative effects by
providing ecosystem services such as air and water filtration, temperature regulation, and noise
reduction (Haq et al., 2021). To test this theory based on the Sijtsma paper, this study is carried out in
three highly urban cities, as this is where the effect of proximity to Natura 2000 sites is expected to be
greatest based on the paper by Sijtsma et al. (2012).

The effect of nature on real estate property value has received increasing scholarly attention,
considering the impact of nature on real estate value from multiple perspectives. Previous research
confirms that residential property located close to nature has a higher value than residential properties
located further away from such areas (Daams et al., 2016; Daams et al., 2019; Luttik, 2000; Geoghegan,
2002; Conway et al, 2008; Gibbons et al., 2013). First, there is a paper by Daams, Sijtsma, and van der
Vlist (2016) that provides valuable insights into the relationship between the presence of natural spaces
and property values. This study calculates how attractive natural space affects Dutch residential property
values. The key findings indicate that appealing natural space has a decreasing impact on real estate
prices, from 16.0% for houses within 0.5 kilometre to 1.6% for those up to 7 kilometre distance. There
also is a paper by Gibbons et al. (2013) that looks into the amenity value associated with proximity to
habitats, designated areas, domestic gardens and other natural amenities in England. An interesting result
from this study is that most natural amenities resulted in a premium on house prices. Proximity to
preserved area’s (which Natura 2000 sites are an example of) also resulted in higher prices. A paper by
Melichar and Kaprova (2013) investigates the preferences of homebuyers in Prague, Czech Republic
towards greenery amenities. The study uses a hedonic price model to analyse the impact of greenery on
the price of residential properties in different locations, with a focus on the distance and size of the
greenery. In this paper they also specifically looked into the effect of specially protected areas on house
prices. They found that with every additional meter, the property price decreases with 1815 CZK
(approximately € 77,-) for specially protected areas. The size of specially protected areas has a negative
impact on house prices. The paper suggests that the impact of specially protected areas on property
values is dependent on the distance and size of the area, which may also be applicable to Natura 2000

sites. A paper by a Koemle, Lakner and Yu (2019) aimed to find out whether farmland rents in Germany
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are affected by Natura 2000 designation. The findings imply that Natura 2000 has a negative impact on
the average rental price of grassland and arable land. This raises the question whether the same negative
impact applies to the value of houses located near Natura 2000 sites.

There is a lot of literature on the influence of green space on housing prices. However, there are
a lot less papers written on the specific topic of impact of protected nature (and more specifically, Natura
2000 sites) on house prices. The relationship between green spaces and house prices, which has been
observed in previous studies, may not apply in the same manner to protected nature areas, such as those
within the Natura 2000 network. Restricted development, ecological considerations prioritizing
biodiversity over residential amenities, access and land use restrictions, and perceived risks and
uncertainties associated with protected areas can all contribute to a different impact on property values.
Therefore, the distinct characteristics and regulations surrounding protected nature areas necessitate a
careful examination of their influence on property prices, distinct from the general findings related to
green spaces. Policy decisions about preserving of reducing Natura 2000 sites can have a major impact
on the assets of a homeowner. Additionally, the advantages of living close to Natura 2000 sites are
crucial for governmental decision-making on the preservation or creation of natural areas close to
residential areas as well as the planning of residential growth at specific distances from — or at the
expense of — natural areas. The study of the effect of proximity to Natura 2000 sites on house prices can
provide insights into the mechanisms by which environmental amenities affect property values. This
can contribute to the broader literature on the relationship between the environment and property values,
which is an important topic in the fields of environmental economics and urban planning.

The aim of this research is to explore the relationship between Natura 2000 sites and house
prices. First, this study looks into the academic literature. Then, a quantitative data analysis will be
performed based on the theory of the Hedonic Pricing Model (Rosen, 1974). The research will focus on
three different types of cities: one far away from Natura 2000 sites, one with medium distance to Natura
2000 sites and one that has Natura 2000 sites inside of the city boundaries. Three cities will be chosen
because of computational reasons, and to make sure that a comparison can be made between the cities
with varying distances to Natura 2000 sites. After picking these three cities the locations will be linked
to property transaction data from France. The estimated model is based on a dataset on house sales
throughout France from January 2014 to December 2018 (Data.gouv.fr, 2021), from which we used the

transactions of three different metropolitan areas.



2. Theory

The hidden value of nature in property prices becomes apparent when one realizes that a property
represents not only a bundle of structural characteristics but also a set of location-specific characteristics.
As such, the pricing of property reflects not only the structural characteristics (Rosen, 1974) but also the
land rent surface associated with patterns of land use and other neighbourhood characteristics. How
much value can be assigned to land depends on location-specific qualities (Chesire & Sheppard, 1995),
including distance to high-quality or otherwise relevant preserved nature. A connection between
economy and ecology can be found in the premium that properties in an appealing (or otherwise
beneficial) environment have as compared to properties in a less attractive setting (Luttik, 2000), these
effects can be capitalized financially. The premium being the willingness to pay for (being close to)
beneficial external characteristics, such as, in the context of this study, Natura 2000 sites. This
capitalization shows the welfare advantages obtained by homebuyers who reside close to natural areas.

The value of green space in a region can be reflected in house prices in a number of ways. For
potential buyers or tenants, proximity to green spaces like parks, greenways or preserved nature can
make a neighbourhood more appealing (Mokhtarian et al., 2008). Proximity to green space offers a
number of advantages, such as enhanced physical and mental health (Bell et al., 2015), social connection
(Frumkin et al., 2004), and aesthetic delight. Green areas can improve a neighbourhood’s appearance
and atmosphere, making it a more appealing and desirable place to live. This might increase interest in
local real estate, which would raise prices. Also, green areas can improve the quality of the air and water
by acting as a sound and air pollution buffer (Noway & Dwyer, 2007). These natural advantages can
raise the area's general liveability and increase its appeal to potential homeowners or tenants. The
impression of safety and security in a place can also be influenced by green landscapes. Green spaces
that are well-kept and frequently used can foster a sense of neighbourhood and social cohesion, which
can reduce crime and raise residents' perceptions of neighbourhood safety (Kuo & Sullivan, 2001).

It is widely accepted that public natural spaces provide a variety of services that add to the
welfare of those who live close by (Brander & Koetse, 2011). A Natura 2000 site can be considered an
amenity because it provides a range of services that contribute to human well-being. For example, it
offers recreational and ecotourism opportunities as well as aesthetic and spiritual benefits. In addition
to these direct benefits, protected areas also provide important indirect benefits, such as conserving
biodiversity and providing ecosystem services such as air and water purification. These benefits are
essential for human well-being and also contribute to the value of protected natural areas as amenities
(European Environment Agency, 2022). Living close to Natura 2000 sites can provide easy access to
these benefits and improve the quality of life for residents. Natural amenities, such as proximity to
Natura 2000 sites, can influence housing prices because they are valued by people. A study on the effect
of environmental amenities on housing prices in the Netherlands reveals that environmental factors can

create a maximum price premium of 28% (Luttik, 2000). The outcome of this study gives implications



to expect that the presence of high-quality nature areas such as Natura 2000 sites can increase the value
of nearby properties.

One type of green space where the price mechanism is expected to be quite similar to Nature
2000 sites is the so-called greenbelt. A greenbelt is preserved nature and a semi-public good. The
purposes of a greenbelt are the preservation of land in a natural, garden-like, or agrarian state, and the
shaping and limitation of urban spread (Correll et al., 1978). Even though the purpose of Natura 2000
sites is protecting nature and biodiversity, greenbelts and Natura 2000 sites have some interesting
similarities which could in principle result in an equal effect on house prices. Both amenities are
protected nature, designated by the government and public goods. Everything other being equal, in
Boulder, Colorado, researchers found a $4.20 decrease in the price of a residential property for every
foot one moves away from the greenbelt (Correll et al., 1978). And there is more literature that confirms
the findings of previously named papers, namely that the further away a residential property was located
from a greenbelt or park, the less its selling price, ceteris paribus (Kitchen and Hendon, 1967; Hammer
et al., 1974; McMillan, 1974; Correll, et al., 1978; Peiser & Schwann, 1993). However, greenbelts are
specific to cities and form a continuous ring, while Natura 2000 areas are more widespread and can be
interwoven within urban regions. Both have a restrictive effect on land use, but their spatial structures
differ significantly. Greenbelts act as physical boundaries, separating urban and rural areas, whereas
Natura 2000 areas are distributed across various locations and encompass diverse habitats and species.
Therefore, we cannot generalize the results from studies on greenbelts directly to Natura 2000 sites.

Although a greenbelt is a supply side restriction, and the current analysis does not directly focus
on this aspect, it is crucial to incorporate this perspective to establish a strong foundation for the
discussion. It is important to take into consideration the distinction between the amenity effect and the
effects of local restrictive development policies. While the study aims to measure the amenity effect of
proximity to Natura 2000 sites on housing prices, it is crucial to acknowledge the possibility that the
analysis may also capture, to some extent, the impact of local restrictive development policies. These
policies may restrict or regulate development in certain areas, including those near natural amenities,
leading to decreased housing supply and potentially higher prices (Vikolainen et al., 2014).

This study expects to find that proximity to Natura 2000 sites has a positive effect on housing
prices. This expectation is based on the theory that proximity to natural amenities, such as preserved
areas, results in higher property values. Because there tends to be a greater need for green spaces in
urban areas due to an absence of natural resources, the price effect of distance to Natura 2000 on property
values is expected to be greater for houses in urban areas than for houses in rural areas (Sijtsma et al.,
2012). This indicates that even at larger distances, the presence of Natura 2000 sites in or close to urban
areas may have a significant impact on house prices. The impact these sites on property values may be
less noticeable in rural regions, especially those that are farther away from Natura 2000 sites because of

the amount of natural amenities that may already exist there.



3. Natura 2000 and the study area

There are over 25,000 Natura 2000 sites in Europe (European Commission, n.d.). As of 2021, France
has over 3,500 Natura 2000 sites, covering approximately 20% of its terrestrial and marine territory
(European Commission, 2021). This study compares three different French metropolitan areas, Lille,
Rennes and Bordeaux, to investigate whether proximity to Natura 2000 sites has an effect on house
prices. The three cities are chosen based on a geographically extensive assessment of the entire map of
Natura 2000 sites in France. After assessment of the whole map with Natura 2000 sites, 13 cities were
chosen for further elaboration; this information can be found in Appendix A. For these 13 cities, we
found out how many Natura 2000 sites are located in the area and how far away, where these cities are
geographically located, in which French region, and how many inhabitants they have. We looked into
these aspects because it is important for the research that we pick three case studies that have similar
geographical characteristics. In Appendix A, the first selection of cities are cities where Natura 2000
sites are located far away. The second group are cities that have Natura 2000 sites close to the city, but
not inside the city. And finally the last group are cities where Natura 2000 sites are present inside of the
city boundaries. Out of every one of these groups one city was chosen.

Lille, Rennes and Bordeaux have a clear difference in distance to, and amount of Natura 2000
areas. The three cities that are chosen are all fairly big cities, with 220,000 — 260,000 inhabitants. This
is important for comparison since a certain city size also brings different amenity levels, which can have
an influence on housing prices (Cheshire & Sheppard, 1995). Besides, all three cities have similar
regional characteristics, even though they are not located in the same regions. This is done because for
example, properties located in Paris or close to the beach will sell for a premium, which makes
comparison a lot more difficult than if you pick cities with similar characteristics. Important to note is
that in this research we take into consideration all transactions in the whole metropolitan area of the
cities, as can be seen in the maps in Appendix B. This is done because in this research we also want to
find out if the effect proximity to Natura 2000 sites on house prices is greater for highly urbanized area’s

(grey area’s) than for rural area’s (green area’s) based on previous research by Sijtsma et al. (2012).

3.1 Lille

With a population of over 233,000 people, Lille ranks as the tenth-largest city in France. Lille is chosen
as the case for a city with no Natura 2000 sites in its direct surroundings. Despite its metropolitan setting,
the city features a number of parks and green areas. The city is home to a variety of natural settings,
including as marshes, meadows, and woodlands. One of the city's most well-liked parks, Parc de la
Citadelle has a zoo, a lake, and a number of sporting facilities. Other noteworthy green areas in Lille
include the Bois de Boulogne, an area of woodland with a number of walking and cycling trails, and the
Jardin des Géants, a botanical park with more than 400 varieties of plants. The region surrounding Lille

is home to several Natura 2000 sites, including the Marais de la Dedle and the Forét Domaniale de



Phalempin. These sites provide important habitats for a range of plant and animal species, including
several rare and endangered ones.

Figure 1 clearly shows that there are no Natura 2000 sites in the direct surroundings of the city
centre of Lille, the only green seen in the figure are other types of green space. Figure 1 shows a network
analysis of Lille. The map shows how far you can drive in 10, 20 and 30 minutes. This is visualized
because it gives an indication on how many Natura 2000 sites a citizen of Lille can reach within 30
minutes driving distance. The map shows that in Lille there are no Natura 2000 sites that can be reached
within 10 or 20 minutes. Within a range of 30 minutes a person can reach nine sites, but, as the map

shows, these sites are fragmented and very small.
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Figure 1. Network analysis of Lille (Own edit, 2023).

3.2 Rennes
Rennes is chosen as the case for a city with a medium amount of Natura 2000 sites in its surrounding
area. With a population of over 220,000, Rennes ranks as the eleventh-largest city in France. The city
has a number of parks and green areas that provide a variety of leisure possibilities for its citizens despite
its urban setting. Parc du Thabor has a botanical garden. The Parc des Gayeulles, a sizable park with a
number of walking and biking paths, and the Jardin du Mail, an old garden with a number of statues and
fountains, are two more noteworthy green areas in Rennes. The Marais de Saint-Jacques and the Vallée

du Canut are two of the Natura 2000 locations that are close to Rennes. These protected areas provide
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as homes for a variety of plant and animal species, including numerous rare and endangered ones, and
are essential for maintaining and improving biodiversity in the area. Several bird species, notably the
Eurasian bittern and the purple heron, depend on the Marais de Saint-Jacques, a wetland region in the
city's southwest, as an essential habitat. The endangered and protected larger mouse-eared bat, on the
other hand, has a significant habitat in the forested valley known as the Vallée du Canut.

Figure 2 shows that there are no Natura 2000 sites within the city boundaries of Rennes,
however, there are some sites close to the city. The map shows how far you can drive in 10, 20 and 30
minutes. There are no Natura 2000 sites that you can reach within 10 minutes of the centre of the city,
but within 20 minutes a person can reach two different sites and within half an hour they can reach four

different (fairly bigger) Natura 2000 sites.
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3.3 Bordeaux

Bordeaux, a city in the southwest of France with over 260,000 residents, is renowned for its beautiful
architecture. The city does, however, also have a remarkable green framework that plays a crucial role
in its character. There are a number of parks, gardens, and woodlands throughout the city. Bordeaux is
chosen as the case for a city that has Natura 2000 sites inside the city. The Marais de Bruges and the
Estuaire de la Gironde are two of the Natura 2000 areas in Bordeaux. These protected areas are essential

for maintaining and expanding the biodiversity in the area since they serve as vital homes for a variety
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of rare and endangered plant and animal species. A wetland region outside of the city called the Marais
de Bruges serves as a crucial home for a number of bird species, including the common tern and the
black-winged stilt. On the other side, the Estuaire de la Gironde is a sizable estuary that is crucial for
various fish species, notably the European sturgeon, as a feeding and breeding area.

Figure 3 shows that there are Natura 2000 sites within the city boundaries Bordeaux. The map
shows how far you can drive in 10, 20 and 30 minutes. In Bordeaux there is one Natura 2000 site that is
reachable within 10 minutes of the centre of the city. Within 20 minutes a person can reach six different
sites and within half an hour they can even reach 12 Natura 2000 sites. Bordeaux is an example of a city
that has great accessibility to Natura 2000 sites and it is also a city where the offer of accessible protected

green spaces is very diverse, from wetlands to estuaries.
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4. Methodology and data

4.1 Methodology

This research aims to find the relationship between proximity to Natura 2000 sites and house prices. To
study this relationship a hedonic multivariable regression is used. The model aims to show the impact
of the independent variable, proximity to Natura 2000 sites, on the dependent variable, transaction price.
The Hedonic Pricing Model is used to investigate the potential externality effect of proximity to Natura
2000 sites on the prices of nearby property values. The Hedonic Pricing Model infers the implicit worth
of a properties underlying characteristics (structural, locational/accessibility, neighbourhood, and
environmental) using housing market transactions. The theoretical foundation for this technique is
provided by Rosen (1974), who demonstrates how the utilitarian benefit of marginal changes in one
attribute in a bundle of a composite commodity like housing may be valued by quantifying the change
in expenditure incurred in equilibrium. Several housing characteristics can be considered to be given, at
least in the short term, as it is almost impossible to change their level in accordance with market demand.
The demand side therefore primarily determines the equilibrium market price of housing, which
represents the customers' subjective evaluations. It is also anticipated that market participants are
rational and well-informed about the range of housing property qualities in order to achieve equilibrium.
According to these assumptions, the housing costs at the residential location is a function of its structural,
neighbourhood, and environmental factors (Freeman, 2003). The following form may then be used to
describe the model:

Ph = fh(S, N, E)

Where Ph is the property's price, which is determined by the explanatory characteristics of housing. The
traditional hedonic factors are: Structural variables (S): e.g. number of rooms, size of living area, parcel
size, etc. Neighbourhood variables (N): e.g. proximity to city centre, transportation, crime, etc.
Environmental variables (E): e.g. proximity to urban open areas, air quality, distance to nature etc. From
a regression of housing transaction sales prices on the characteristics of the house sold applied hedonic
analysis recovers the marginal valuations or ‘implicit prices’ of the separate housing characteristics.
According to hedonic pricing theory, a property located close to a Natura 2000 site will sell at a higher
price compared to a property located further from a Natura 2000 site, ceteris paribus.

Since the distribution of the transaction prices tends to be skewed, the natural logarithm of the
transaction price is typically used, by doing that, the distribution becomes closer to being normally
distributed. The natural logarithm of the dependent variable helps with the linearity between the
dependent and independent variables (West, 2021). The key independent variable is distance to Natura
2000 sites, for this variable we will also use the natural logarithm. And other variables that will go

through a log transformation are: surface of the property and number of rooms.
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For measuring the effect of this variable on the dependent variable we use a single coefficient
for distance instead of working with distance category dummies. Working with a single coefficient for
distance can show if there is a positive or negative relationship, and the magnitude of the relationship.
There are several papers on the effect of green space on housing prices in the academic field that use the
same approach (Gibbons et al. 2013; Melichar & Kaprova, 2013; Melichar et al., 2009). Working with
distance category dummies, like other studies on the effect of green space on house prices use (Daams
et al., 2019; Daams et al., 2016), is empirically of limited use in this research since we work with case
studies of cities with a lot, medium and few distance to Natura 2000 sites. Since cities are used as case
studies with varying distances to the areas, a single coefficient will be more straightforward to compare
between the cities.

In this research we control for unobserved heterogeneity on for example neighbourhood
characteristics, local infrastructure and socioeconomic factors across locations by including location
dummies. This is done to reduce omitted variable bias by cancelling out similarities in the prices which
can be ascribed to location (Daams et al., 2016). This variable also takes care of the effect of more
localized green space other than Natura 2000 sites that may influence transaction prices. Variables for
other types of green space are not included in this research because the model may not be able to
appropriately separate their respective contributions to housing values, due to their spatial correlation.
This approach is based on the paper by Daams et al. (2019), where they explained that including the
other types of green space could result in more multicollinearity (Pendleton & Shonkwiler, 2001). The
analysis includes the proximity to Natura 2000 sites variable for transactions combined at the 5-digit
postal code level. The assumption is that within a postal code level, amenities are similar, and differences
in price can be attributed to property-specific characteristics and other specific known variables of
interest, such as distance to the closest Natura 2000 site. Following Bourassa, et al. (2007) in the final
model dummies related to zip codes rather than directly related to specific departments are included as
control variables. The same holds true for the time-related fixed effects, as price patterns may differ
because of economic fluctuations. So, the time effect can be considered by introducing time dummy
variables on a yearly basis that are coupled to data obtained at various points in time.

The following statistical model is estimated for the base model (1):

InP;j; = < + ByIlnDistanceN2000;; + B,InSurface;j + fslnRooms;; + D,Propertytype;; (1)
+D:City + vy, + Ui+ Eije

where in the base model (1) InP is the log of the transaction price of property i that is located

in zip code area j at transaction year t; o represents the constant; InDistanceN2000 is the parameter

of interest, this is the log of distance to the closest Natura 2000 site in kilometers; InSurface is

representing the surface of the relevant property in log square meters; InRooms indicates how many

rooms the sold property has in log form; Propertytype is a dummy variable that states whether the

transaction is an single family house (0) or an apartment (1); City is a dummy variable for the different
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metropolitan areas; y indicates the different time periods in years t and is controlling for time fixed effect
(2014 up to and including 2018); u is a zip code dummy controlling for spatial fixed effects j; ¢ is the
error term in this equation. This denotes the standard errors, that are spatially clustered at the city and
zip code level and timely clustered at yearly-level, to account for spatial and time autocorrelation in

house prices.

4.2 Data

Information on transaction prices come from the French government. The dataset includes information
on more than 13 million residential properties that were sold in France between January 2014 and
December 2018. The General Directorate of Public Finance (Direction générale des finances publiques,
DGFiP) publishes and generates this data. This information comes from cadastral records and notarial
deeds (Data.gouv.fr, 2021). How this amount relates to the actual number of residential homes sold
during this time period is not stated by the supplier. The dataset has complete coverage for the whole
country and was created with the goal of increasing transparency in the land and real estate market
(Data.gouv.fr, 2021). Besides prices and dates, the dataset also contains details on living area, the
number of rooms, and property type. These variables are functioning as control variables in the model,
this allows for a better isolation of the price effect of Natura 2000 sites. The dataset also contains
information about addresses, including home addresses, house numbers, zip codes, city codes, city
names, and department codes. Also, the dataset can be geocoded at the property level because it contains
geographic coordinates. This is very useful for this research since we can calculate distance of each
transacted property to the closest Natura 2000 site with this information. To make the interpretation of
the results easier, the variables are renamed to English.

In this study, data on housing transaction locations and data on environmental quality metrics
(Natura 2000 sites) must be linked. The use of GIS improves accuracy in the consideration of proximity
to Natura 2000 sites. The data on the variable of interest, proximity to Natura 2000 sites, is gathered
using GIS-mapping. The map with Natura 2000 sites is retrieved from the database of the European
Environment Agency (European Environment Agency, 2023). This agency has a map with all Natura
2000 sites in Europe. The European database of Natura 2000 sites consists of a compilation of the data
submitted by the Member States of the European Union. This European database is generally updated
once a year to take into account any updating of national databases by Member States. The Natura 2000
sites used in this study are all designated between 1995 and 2012 (Legifrance, 2019). For linking
transaction data of the French properties to location ArcGIS Pro is used. Geographic Information

Systems (GIS) is commonly used for spatial data analysing or editing.
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4.3 Descriptive statistics
The dataset contains a total of 142,487 observations after cleaning the data. For a description of the data
cleaning process, see Appendix C. The division between the cities is shown in Table 1 and is as follows:
there are 46,929 observations for Lille, 28,529 for Rennes and 67,029 for Bordeaux. Table 2 shows the
summary statistics of the measured distances to nearest Natura 2000 sites, information on the sites and
property specific characteristics.

The average distance to a Natura 2000 site is 7.056 kilometers for the whole dataset. Important
to note is that the average distance to a site in Lille (chosen as the case for a city far from Natura 2000
sites) is 12.316 kilometer. The average distance for transactions in Rennes (case for medium distance to
Natura 2000 sites) is 9.09 kilometer. And the average distance for transactions in Bordeaux (city close
to Natura 2000 sites) to a site is 2.507 kilometer. The closest a property is located to a Natura 2000 site
in this dataset is 3 meters, and the transaction furthest from a site is located 16 kilometres away. In the
whole dataset, most of the site types are site type B, SCls and SACs (Sites of Community Importance
and Special Areas of Conservation - sites designated under the Habitats Directive). The average size of
a Natura 2000 site in the dataset is 27,569,280 hectare. Note that Bordeaux has the highest average size
of a site, namely, 48,247,907 hectare.

The transaction prices in the whole dataset range between 15,000 and 4.9 million euros. € 15,000
is the minimum value since transactions below this price where handled as outliers (Morgan, 2007). The
mean selling price in the dataset is € 228,121 and the median is € 178,500. The median price for houses
on the French market was € 269,000 in 2022. The asking price for 80% of properties fell between €
136,319 and € 575,000 (Real Advisor, 2023). If we look at the surface of the houses in the dataset, the
mean is 74.58 m2 and the median is 68 m2. The average number of main rooms in the dataset is 3.29 and
the median is 3 main rooms. Most of the property types in the dataset are apartments, almost 62%, and
the other 38% are single family houses, this control variable will be a dummy in the analysis. It stands
out that Bordeaux has a higher average house price than Lille and Rennes, more than € 50,000 more per
house. Lille and Rennes almost have the same average price per transaction. All three cities have
approximately the same surface and number of rooms per house. For visualization and more information

on the descriptive statistics see Appendix D.

15



Table 1. — Observations per metropolitan area.

City Freguency Percent
Lille 46,929 32.94
Rennes 28,529 20.02
Bordeaux 67,029 47.04
Total 142,487 100

Table 2. — Descriptive statistics.

City Variable Min Mean Max St. Dev.
Lille House price 15,000 206,813 4,980,870 333,703
Distance closest N2000 6.445 12.316 15.824 141
Surface m? 15 76.49 888 41.70
Number of rooms 1 3.46 28 1.62
Apartment (1=yes) 0 0.53 1 0.49
Single family house (1=yes) 0 0.47 1 0.49
Site type A (1=yes) 0 0.09 1 0.29
Site type B (1=yes) 0 0 0 0
Site type C (1=yes) 0 0.91 1 0.29
Size closest N2000 site 1,220,399 3,698,517 4,042,681 801,448
Rennes House price 15,000 195,583 1,029,900 161,519
Distance closest N2000 0.019 9.090 16.071 2.912
Surface m?2 15 73.47 460 37.11
Number of rooms 1 3.36 26 1.54
Apartment (1=yes) 0 0.72 1 0.44
Single family house (1=yes) 0 0.28 1 0.44
Site type A (1=yes) 0 0 0 0
Site type B (1=yes) 1 1 1 1
Site type C (1=yes) 0 0 0 0
Size closest N2000 site 4,272,472 15,789,130 27,590,981 4,912,911
Bordeaux House price 15,000 256,888 1,845,750 302,367
Distance closest N2000 0.003 2.507 8.848 1.901
Surface m?2 15 73.22 656 39.55
Number of rooms 1 3.16 30 1.42
Apartment (1=yes) 0 0.65 1 0.48
Single family house (1=yes) 0 0.35 1 0.48
Site type A (1=yes) 0 0.03 1 0.16
Site type B (1=yes) 0 0.97 1 0.16
Site type C (1=yes) 0 0 0 0
Size closest N2000 site 2,621,808 48,247,907 66,982,109 26,283,309
Total House price 15,000 228,121 4,980,870 292,675
Distance closest N2000 0.003 7.056 16.071 4871
Surface m?2 15 74.34 888 39,834
Number of rooms 1 3.29 30 1.52
Apartment (1=yes) 0 0.62 1 0.48
Single family house (1=yes) 0 0.38 1 0.48
Site type A (1=yes) 0 0.04 1 0.20
Site type B (1=yes) 0 0.66 1 0.47
Site type C (1=yes) 0 0.30 1 0.45
Size closest N2000 site 1,220,399 27,569,280 66,982,109 27,982,125
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5. Results

Table 3 reports the results for the base model (1) which uses distance to the closest Natura 2000 site,
property characteristics, year fixed effects and location fixed effects at postal code 5-level to control for
location characteristics. The result of the regression indicates a joint significance for the main
specification. The base model has a R-Squared of 0.516, which means the model explains 51.65% of
the variance. Part of the results for the independent variables are in line with expectations. For instance,
larger houses are associated with higher property values and single family houses are the most highly
valued type of housing structure. However, an increase in rooms doesn’t increase the value of a property,
since the regression shows a negative relationship between transaction price and number of rooms. There
is also no significant effect in difference in transaction prices between the three cities. As seen in the
results for model (1), the distance to closest Natura 2000 sites coefficient is significant at the 1% level.
For the base model we can state: if the property is located 10% farther away, the price of a house
decreases with 0.41%, ceteris paribus. This suggests that the further away a property is located from a
Natura 2000 site, the lower the transaction price.

After running the regression for the base model we will be adding more variables to investigate
if this improves the results. Information on the type of Natura 2000 site and the size of the Natura 2000
site will be added. Here, site type is a variable that describes the type of Natura 2000 site that is closest
to the transaction of interest. The different types are site type A: SPAs (Special Protection Areas - sites
designated under the Birds Directive); site type B: SCls and SACs (Sites of Community Importance and
Special Areas of Conservation - sites designated under the Habitats Directive); and site type C: where
SPAs and SCIs/SACs boundaries are identical (sites designated under both directives). In this model
size of the Natura 2000 site is the surface area of the site closest to the transaction of interest in square
kilometres. In this model a 1% increase in distance to a Natura 2000 site would decrease the transaction
price by 4.25%, ceteris paribus. We see that in the extended model (2) the size of the Natura 2000 site
does not have a significant relationship with the transaction price on any of the significance levels.
However, the type of Natura 2000 site does have a significant relationship with the price. In the
regression table site types A and B are compared against site type C, type C Natura 20000 areas are
areas that are both type A and type B. So in other words, more diverse Natura 2000 sites. Type A sites
and type B sites both show a negative coefficient. What we can see in the results is that if a Natura 2000
site is only a type A or a type B site (so less diverse), proximity to this site has a lower impact on the
price than if it would be a combination of both. This gives us reason to believe that diversity of Natura
2000 areas around a city also affects house prices.

Then, in model (3) the distance to the closest Natura 2000 site will be interacted with the size
of the closest Natura 2000 site to see if the effect of distance and size together better explains variation
in housing prices. Model (3) is specified based on the findings by Melichar and Kaprova (2012) that the

interaction between the distance to the protected site and the size of the site also has an impact on house

17



prices. The interaction effect of distance and size in model (3) indicates that the effect of distance on the
transaction price depends on the size of the Natura 2000 site. More specifically, the coefficient of the
interaction term suggests that for a one percent increase in both distance and size, the transaction price
increases by 0.000000000764% more than what would be expected if these effects were simply additive.
The effect is significant at the 99% level. It is important to note that when the interaction term is added,
the separate coefficient for distance becomes less significant, and the coefficient for size becomes
significant. This suggests that the effect of each variable on the transaction price is conditional on the
value of the other variable. This is in line with the findings of the paper by Melichar and Kaprova (2012).
However, the effect of the interaction between distance and size is so small (way smaller than in the

paper by Melichar and Kaprova) that we choose model (2) as the preferred model to continue our

analysis with.
Table 3. — Regression results model 1-3.
. 1 2 3
Variable B(as)e ExtEen)ded Inteﬁagtion
Distance to N2000 -.041%** -.042%** -.009**
[.002] [.002] [.004]
Size of N2000 site .000 .000***
[.000] [.000]
Distance * Size .000***
[-.000]
Site type A -.018* -.022**
[.010] [010]
Site type B -.076*** -.099***
[.016] [.016]
Surface .822%** .822%** .821***
[.004] [.004] [.004]
Number of rooms -.107%** -.107%** -.106***
[.004] [.004] [.004]
Apartment -.122%** -.123%** -.123%**
[.002] [.002] [.002]
Rennes -.263 -.187 -.142
[.157] [.158] [.158]
Bordeaux .003 074 117
[.139] [.140] [.140]
Intercept 9.031*** 9.034*** 8.953***
[.140] [.140] [.140]
Year effects YES YES YES
Location effects YES YES YES
Observations 142,487 142,487 142,487
R-Squared 0.522 0.522 0.522
Degrees of Freedom 1995.47 1922.15 1900.48

Dependent variable is the natural logarithm of transaction price. For distance to the closest Natura 2000 site the natural
logarithm of kilometres is used. Size of the Natura 2000 site is measured in km2, For site type category site type C is left out
as reference category. The surface is the natural logarithm of the surface in m2. Number of rooms is also taken in log form.
Apartment is a dummy variable for the property type, where 0 = single family house and 1 = apartment. For metropolitan
area Lille is left out as the reference category. * =p < 0.1, ** =p <0.05 and *** = p < 0.01.
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In Table 4, the comparison between model (4) and model (5) aimed to investigate whether the
price effect of distance to Natura 2000 on property values differs between houses in urban areas and
houses in rural areas. This comparison was motivated by the study conducted by Sijtsma et al. (2012),
which gave reason to believe that the value of green space may be higher for people living in highly
urbanized areas compared to those living in rural areas. Model (4) only includes transactions from the
inner cities of the three cities, ‘grey areas’, while model (5) only contains the transactions outside the
inner city area, ‘green areas’. We want to find out whether transactions in the highly urbanized areas
show a stronger effect of proximity to Natura 2000 sites on transaction prices then the transactions in
rural areas. In urban areas, the results indicate that if a property is located 10% farther from the closest
Natura 2000 site this leads to a substantial decrease in house prices, specifically a 0.99% decrease. This
negative relationship implies that urban houses located farther away from Natura 2000 sites tend to have
lower property values. This finding is noteworthy because it contradicts the findings observed in rural
areas, namely that there is no significant relationship between transaction prices and proximity to Natura
2000 sites. This suggest that there is no premium for living close to Natura 2000 sites when a property
is located outside the city centre of a metropolitan area.

These findings indicate that proximity to Natura 2000 sites is valued differently depending on
the urban-rural context. These results align with the expectations based on the prior study by Sijtsma et
al. (2012), further supporting the notion that the price effect of proximity to Natura 2000 sites differs
between urban and rural settings. The contrasting findings in urban and rural areas shed light on the
complex dynamics between Natura 2000 sites and property values. The negative relationship in urban
areas suggests that proximity to Natura 2000 sites may be viewed positively by inhabitants, possibly due
to the aesthetic benefits (Mokhtarian et al., 2008), enhanced physical and mental health (Bell et al.,
2015), social connection (Frumkin et al., 2014), improved environmental quality (Noway & Dwyer,
2007) and social cohesion/safety aspects (Kuo & Sullivan, 2001) associated with natural environments.
In contrast, the findings for rural areas implies that residents or potential buyers in rural settings may
perceive Natura 2000 sites as less desirable, potentially due to factors such as restricted land use
(Malpezzi, 1996), limited development opportunities (Vikolainen et al., 2014), or perceived
environmental drawbacks. The finding that rural residents do not value Natura 2000 sites positively can
also be due to the fact that Natura 2000 designation has a negative impact on the average rental price of
grassland and arable land (Koemle et al., 2019), which is reason for farmers to perceive it as a burden
rather than a benefit. Based on the findings we could argue that in urban areas an amenity effect can be

measured, while in rural areas the findings go more towards a measure of land use regulations.
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Table 4. — Regression results for urban and rural comparison.

. 4 5
Variable U(rb)an R(ur)al
Distance to N2000 -.099*** .001
[.003] [.003]
Size of N2000 site .000*** -.000
[.000] [.000]
Site type A - 153*** 290%**
[.012] [.017]
Site type B - 457*** 277x**
[.033] [.022]
Rennes .183 -.013
[.204] [.088]
Bordeaux .240 .195%**
[.152] [.021]
Intercept 9.277*** 8.368***
[.152] [.033]
Property characteristics YES YES
Year effects YES YES
Location effects YES YES
Observations 64,273 78,214
R-Squared 0.528 0.523
Degrees of Freedom 2881.66 1280.16

Finally, in Table 5 this study compares three different cities, one with high distance from Natura
2000 sites (6), one with a medium distance to Natura 2000 sites (7) and one with Natura sites inside its
city borders (8), to see if proximity to Natura 2000 sites has an effect on the price of a house. The
preferred model is also used as a basis for models (6), (7) and (8). First we will state outcomes of the
key independent variable, so we can interpret what it means afterwards. For Lille (6) the results suggests
that if the distance to a Natura 2000 site goes up by 10%, the price of a house decreases with 3.54%,
ceteris paribus. For Rennes (7) we can see that if the distance to a Natura 2000 site goes up by 10%, the
price of a house decreases with 0.47%, ceteris paribus. And for Bordeaux (8) the table shows that if the
distance to a Natura 2000 site goes up by 10%, the price of a house decreases with 0.49%, ceteris paribus.
All three models show that there is a significant negative relationship between housing prices and
distance to the closest Natura 2000 site. We can conclude that the results are in line with the expectations
that increasing distance from Natura 2000 sites has a negative effect on residential property prices.
Model (7), Rennes, represents the best fit, since it has the highest adjusted R-Squared of 0.593, meaning
that the independent variables account for 59.33% of the variance of the dependent variable, the
residential property prices. Model (6), Lille has the lowest R-Squared.

Interesting to note is that the effect of distance to Natura 2000 sites on house prices is strongest
in the city that is, on average, located the furthest away from Natura 2000 sites, Lille. The finding that

the effect of distance to Natura 2000 sites on house prices is strongest in Lille, despite being located the
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furthest away from Natura 2000 sites and having fewer, smaller, and less diverse Natura 2000 sites, may
seem counterintuitive. However, there are several factors that could contribute to this result. First, it can
be because of the scarcity effect. The scarcity of Natura 2000 sites in Lille could make them more
valuable and desirable to residents. A resource's value often rises when it is in limited supply (Sehnert
et al., 2014). In this instance, Lille's restricted supply of Natura 2000 sites may increase people'
appreciation of these protected regions, strengthening the link between distance and house prices.
Another possibility is that it’s due to accessibility to nature: Lille, being further away from Natura 2000
sites, has limited access to natural areas and green spaces compared to the other cities. This is shown in
the network analysis in Chapter 3. As a result, the presence of even a few Natura 2000 sites in Lille
could have a more significant impact on the perceived desirability and value of properties (Bockarjova
et al., 2020). The lack of other natural amenities in the city could amplify the effect of Natura 2000 sites
on house prices (Sijtsma et al., 2012). There may be additional variables impacting property values in
addition to proximity to Natura 2000 sites, while the size and diversity of Natura 2000 sites are essential
considerations. Property values can also be influenced by elements including neighbourhood
characteristics, amenities, infrastructure, socioeconomic circumstances, and market dynamics (Rosen,
1974). The association between the distance to Natura 2000 areas and Lille house prices may be
influenced by these other variables, producing a stronger observed impact. It is also striking that the
effect in Bordeaux is not different from the effect in Rennes, while the Natura 2000 site in the city centre
of Bordeaux is a beautiful river. The lack of a stronger effect on house prices in Bordeaux, despite the
presence of a visually appealing Natura 2000 site, indicates that additional factors are likely influencing

the housing market dynamics in these cities.

Table 5. — Regression results for comparison between cities.

. 6 7 8
Variable LiIIe(-)high Rennes(- 2nedium Bordeéul - low
Distance to N2000 -, 3547 -.047%** -.049%**
[.032] [.014] [.002]
Size of N2000 site .000*** .000** -.000
[.000] [.000] [.000]
Site type A 1.081*** .069***
[.109] [.012]
Site type B
Intercept 8.281*** 8.713%** 9.394***
[.236] [.083] [.025]
Property characteristics YES YES YES
Year effects YES YES YES
Location effects YES YES YES
Observations 46,929 28,529 67,029
R-Squared 0.454 0.593 0.533
Degrees of Freedom 1184.78 1341.10 2318.58
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6. Discussion

In general, since all three cities showed that increasing distance to Natura 2000 sites decrease house
prices, we can state that the findings of this research are in line with the theory that proximity to green
space results in higher house prices (Daams et al., 2016; Daams et al., 2019; Luttik, 2000; Geoghegan,
2002; Conway et al, 2008; Gibbons et al., 2013). The lack of a statistically significant relationship
between transaction prices and proximity to Natura 2000 sites in rural areas implies that the findings
observed in urban areas cannot be directly generalized to rural contexts. In urban areas, the negative
relationship between distance to Natura 2000 sites and house prices indicates that urban houses located
farther away from these sites tend to have lower property values. This finding suggests that proximity
to Natura 2000 sites is valued positively by urban inhabitants in contradiction of how Natura 2000 sites
are perceived by rural inhabitants. Considering these findings, the importance of preserving Natura 2000
sites may be viewed differently depending on the urban-rural context. These results emphasize the
complex dynamics between Natura 2000 sites and property values, highlighting the need for context-
specific approaches when considering the conservation and management of these protected areas.

Findings of this paper would provide arguments against reducing Natura 2000 sites in urban
settings. Even though Natura 2000 sites can have negative implications due to land use restrictions
(Malpezzi, 1996; Vikolainen et al., 2014), results of this study show that property owners do value these
areas as amenities. The valuation of these amenities are shown by the fact that properties in urban areas
sell for a premium when located closer to a Natura 2000 site, in contradiction to rural areas. Especially
the difference in the effect of distance to Natura 2000 sites on house prices between urban and rural
areas have important implications for policymakers and urban planners who are interested in protecting
natural areas while minimizing negative impacts on property values. This result suggest that policies
aimed at protecting natural areas may have different impacts on property values in urban and rural areas,
and that policymakers and urban planners should take these differences into account when designing
policies and interventions. The results of this study give reason for policymakers to pay attention to the
conservation of protected nature close to or in the city. For urban residents, these areas are important. In
urban areas, where there is a clear negative relationship between distance to Natura 2000 sites and house
prices, preserving these sites may be crucial to maintaining the aesthetic, environmental, and social
benefits they offer. However, in rural areas, where proximity to Natura 2000 sites does not significantly
impact property values, the preservation of these sites may not be perceived as highly important by
residents or potential buyers.

Discussion revolves around the complex interrelationships among Natura 2000 sites, housing
prices, and their policy implications. In several European countries, including the Netherlands and the
UK, concerns arise regarding preserving or reducing Natura 2000 sites. The Netherlands, being a small
country with a significant number of such sites (Ministry of Economic Affairs, 2022), faces the

challenge of balancing nitrogen emission reduction requirements for farmers near these sites (De Pue &
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Buysse, 2020) while addressing the severe housing shortage (Boelhouwer, 2020). The proximity of
housing developments to Natura 2000 sites presents difficulties in obtaining building permits
(Vikolainen et al., 2014) due to potential nitrogen emissions. Thus, a dilemma emerges where the
resolution of one issue exacerbates the other. Experts propose that reducing the number of Natura 2000
sites in the Netherlands could be a step towards addressing both the housing and nitrogen crises (Van
Mersbergen, 2022). This indicates the need for policymakers to carefully consider the trade-offs between
environmental protection and housing needs when formulating regulations and determining the extent
of protected areas. Similarly, in the UK, there is a political debate surrounding the importance of Natura
2000 sites compared to the obstacles they pose. British newspaper the Guardian published an article
confessing that the UK environment secretary wants to scrap an important part of European
environmental law that protects special species. The nature green paper published by the secretary’s
department argues that wiping the slate clean and ditching habitats regulation case law and rules would
help to simplify the planning process, which is now too complicated (Lavelle, 2022).

The investigation of price developments in the UK following the removal of specific Natura
2000 areas would be of significant interest for future research. While this study has already provided
valuable insights into the relationship between Natura 2000 sites and property prices, examining the
current situation in the UK can be viewed as a unique opportunity for a ‘pure experiment’ that could
yield more reliable results than the existing study. Pure experiments are often considered to offer greater
validity due to their rigorous and controlled research designs (Krauss, 2021). By comparing the findings
of the current study with the potential impacts of removing Natura 2000 areas in the UK, a broader
perspective can be obtained regarding the effects of preserving Natura 2000 sites on property value
dynamics in different countries and contexts. This comparative analysis would help to confirm or refute
the consistency of the findings from the existing study and identify broader trends and patterns in the
relationship between Natura 2000 sites and real estate values. The UK's current status as a ‘pure
experiment’, involving policy changes directly affecting Natura 2000 sites, presents a unique
opportunity to investigate the causal effects of such modifications. It could facilitate a deeper
understanding of the actual impact of reducing Natura 2000 areas on the housing market and help
determine the generalizability of the findings from the existing study beyond the specific French context.

Another topic for discussion is the finding that the effect of proximity to Natura 2000 sites on
house prices is strongest in the city located farthest away from those sites (Lille). The study aims to
examine the effect of distance from Natura 2000 sites on house prices (referred to as the ‘distance
effect’). However, the ‘availability effect’ of Natura 2000 sites is also important, considering factors
beyond distance alone. Availability refers to the accessibility and benefits associated with having
multiple Natura 2000 sites nearby, which can enhance the attractiveness and value of properties.
Additionally, the presence of multiple Natura 2000 sites in the surrounding area indicates higher
environmental quality and biodiversity, contributing to higher property values. The study included a

network analysis in Chapter 3, which revealed that Bordeaux had the best accessibility to Natura 2000
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sites and the highest number of sites in its surroundings (12 sites within a 30-minute drive). However,
it was found that the effect of Natura 2000 sites on house prices was not strongest in Bordeaux (8), but
rather in Lille (6), which is the city furthest away from the sites. This suggests that the observed results
are not solely attributable to the distance effect. This can also be connected to the theory formulated
based on the Sijtsma et al. (2012) paper, because there are not a lot of Natura 2000 sites in the
surrounding area (so Lille is less ‘green’ than Bordeaux), which makes the urban inhabitants value the
existing green space more. To gain a comprehensive understanding of the relationship between
environmental amenities and property values, researchers and policymakers should consider both the
availability of Natura 2000 sites and the number of sites in the vicinity. This broader perspective enables
a nuanced analysis of the collective impact of nearby sites and their accessibility, providing valuable
insights for land-use planning, conservation strategies, and decision-making related to sustainable
development in areas surrounding Natura 2000 sites. For future research, it is recommended to give
more prominence to the accessibility effect in studying the impact of Natura 2000 sites on house prices.
Furthermore, conducting a detailed network analysis for each transaction individually, rather than using
a city-centred approach, would provide more detailed information for analysis and interpretation.

With an average distance in Lille of 12 kilometres to the closest site, this finding raises questions
about the reach of the effect of nature on property values. To understand this phenomenon, we can draw
insights from the research conducted by Daams, Sijtsma, and van der Vlist (2016) on the effect of natural
space on property prices and the role of perceived attractiveness. According to the Daams et al. (2016)
study, the effect of attractive natural space on property prices diminishes with increasing distance. Their
findings indicate that the impact falls from 16.0% for properties within 0.5 kilometres of natural spaces
to 1.6% for properties up to 7 kilometres away. These results suggest that the effect of nature on property
values attenuates as distance increases. In light of these findings, the observation that the effect of
proximity to Natura 2000 sites on house prices is strongest in a city located very far away from those
sites, with an average distance of 12 kilometres and the closest transaction to a site being 6.5 kilometres
away, seems counterintuitive. One possible explanation is that other factors beyond physical proximity
contribute to the perceived attractiveness and desirability of nature in this particular city. It is important
to recognize that the effect of nature on property prices can be influenced by various factors, including
the quality and characteristics of the natural spaces, regional preferences, and the availability of
alternative natural areas nearby. The presence of attractive natural spaces within or close to the city,
even if not specifically designated as Natura 2000 sites, may still positively influence property values.
These alternative natural spaces could offer similar amenities, such as recreational opportunities, scenic
landscapes, or environmental benefits, thereby enhancing the desirability and attractiveness of the area.
Furthermore, the perception of nature's impact on property values can be shaped by cultural and
socioeconomic factors (Keeler et al., 2019). Local preferences, community values, and regional
traditions may play a role in shaping individuals' perceptions and preferences regarding natural

amenities. It is possible that the specific dynamics and preferences within this city contribute to a
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heightened appreciation and valuation of nature, even at relatively greater distances from Natura 2000
sites. Overall, while the general trend in the Daams et al. (2016) study suggests a diminishing effect of
natural space on property prices with increasing distance, the observed finding in this study indicates
that the influence of proximity to Natura 2000 sites on house prices can be stronger in a city located far
away from those sites. This suggests the presence of other factors, such as alternative natural spaces and
regional preferences, that contribute to the perceived attractiveness of nature and its impact on property
values in this specific urban context.

Further research could explore the specific characteristics and attributes of the natural spaces
within and surrounding the metropolitan areas, in relation to the socioeconomic and cultural factors that
shape residents' perceptions and valuation of nature. An additional avenue of inquiry that would enhance
the current study is the examination of the perceived attractiveness of the areas included in the analysis
and its potential influence on the observed price effects. Specifically, it would be valuable to supplement
this research with the approach employed in the study conducted by Daams et al. (2016). One limitation
of this research now is that you don't know whether the nearest Natura 2000 site is a beautifully diverse
nature reserve or just a plain piece of farmland protected because rare birds happen to breed there. This
distinction could have a considerable impact on the observed effects, as suggested by the findings of the
aforementioned study. Therefore, incorporating an assessment of the aesthetic and ecological qualities
of the Natura 2000 sites into the analysis would provide an additional dimension to the interesting
findings already provided by this research. Namely, that proximity to Natura 2000 sites has a positive

effect on house prices.
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7. Conclusion

Previous research has examined the relationship between nature and real estate values from various
angles (Daams et al., 2016; Gibbons et al., 2013; Melichar and Kaprova, 2013; Koemle et al., 2019).
The literature review suggested that natural amenities, such as protected green spaces, can positively
impact house prices. However, there is limited academic literature specifically investigating the impact
of Natura 2000 sites on house prices. This study aimed to address this gap by exploring the effect of
proximity to Natura 2000 sites on housing prices. This research used a quantitative data analysis based
on the Hedonic Pricing Model to answer the main research question regarding the effect of Natura 2000
sites on house prices. This research is relevant as decisions regarding the preservation or removal of
Natura 2000 sites are currently under discussion in Europe. Understanding how Natura 2000 sites affect
house prices can inform policy decisions. This study contributed to the broader understanding of how
environmental amenities shape property values, relevant to research fields such as environmental
economics and urban planning.

The preferred model (2) revealed that if the property is located 10% farther away, the price of a
house decreases with 0.41%, holding other factors constant. So, for example, if a property is located 2.2
kilometres away from Natura 2000 site instead of 2 kilometres, a property can have a transaction price
of € 497.950 instead of € 500.000,-. Additionally, the diversity of Natura 2000 areas around a city was
found to affect house prices. The results showed that in urban areas, increasing distance to the nearest
Natura 2000 site by 10% was associated with a significant 0.99% decrease in house prices. These
findings align with the expectations based on the prior study by Sijtsma et al. (2012) and highlight the
differing price effects of proximity to Natura 2000 sites in urban and rural contexts. These research
findings provide evidence against the removal of Natura 2000 sites in urban settings, as property owners
demonstrate a preference for these areas as amenities. Conversely, in rural areas, where proximity to
Natura 2000 sites does not significantly impact property values, the preservation of these sites may not
be perceived as highly important by residents or potential buyers. The differential impacts on property
values in urban and rural areas suggest the need for tailored policies that account for the specific
contextual characteristics. The observation that the effect of proximity to Natura 2000 sites on house
prices is strongest in Lille raises questions about the reach of the effect of nature on property values.
While previous research suggests a diminishing effect of natural space on property prices with increasing
distance (Daams et al., 2016), the current study indicates that other factors beyond physical proximity
contribute to the perceived attractiveness and desirability of nature in this particular context. The
presence of alternative natural spaces within or close to the city, the specific characteristics of these
spaces, and regional preferences may play a significant role in shaping individuals' perceptions and
valuation of nature. The cultural and socioeconomic factors inherent to the city may contribute to a
heightened appreciation and valuation of nature (Keeler et al., 2019), even at relatively greater distances
from Natura 2000 sites.
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The findings of this research have implications for urban planning, policymaking, and real estate
investment. It highlights the need for context-specific approaches when considering the conservation
and management of protected areas, as the perceived value of nature can vary depending on the urban-
rural context and the availability of alternative natural spaces. Policymakers and urban planners should
take these differences into account when designing policies and interventions aimed at preserving
natural areas while minimizing negative impacts on property values. Overall, this study contributes to
the understanding of the relationship between protected natura and property values, shedding light on
the complexity of this association and emphasizing the importance of considering multiple factors

beyond physical proximity in assessing the impact of nature on property prices.
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Appendix A — Geographically extensive assessment Natura 2000 sites in France

Cities far from Natura 2000 sites

City Location Region
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Figure A.1. Natura 2000 sites surrounding Limoges.
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Figure A.2. Natura 2000 sites surrounding Lille.
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Cities with a medium distance to Natura 2000 sites

City Location Region Inhabitants
Rennes North West Brittany 220,488
Le Mans North West Pays de la Loire 143,847
Clermont-Ferrand Central Auvergne-Rhone-Alpes 147,865
Reims North East Grand Est 181,194
Saint-Etienne Central Auvergne-Rhone-Alpes 173,821
Dijon East Bourgogne-Franche-Comté 158,002

Rennes

Ban de- Bretagne

Figure A.3. Natura 2000 sites surrounding Rennes.
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Figure A.4. Natura 2000 sites surrounding Le Mans.
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Figure A.5. Natura 2000 sites surrounding Clermont-Ferrand.
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Figure A.6. Natura 2000 sites surrounding Reims.
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Figure A.7. Natura 2000 sites surrounding Saint-Etienne.
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Figure A.8. Natura 2000 sites surrounding Dijon.
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Cities close to Natura 2000 sites

City Location Region Inhabitants
Nantes North West Pays de la Loire 318,808
Angers West Pays de la Loire 155,850
Amiens North Hauts-de-France 134,706
Toulouse South Occitania 493,465
Bordeaux South West Nouvelle-Aquitaine 260,958

.

Figure A.9. Natura 2000 sites surrounding Nantes.
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Figure A.10. Natura 2000 sites surrounding Angers.
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Figure A.11. Natura 2000 sites surrounding Amiens.
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Figure A.12. Natura 2000 sites surrounding Toulouse.
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Figure A.13. Natura 2000 sites surrounding Bordeaux.
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Appendix B — Maps with transactions
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Appendix C — Data cleaning process

First all transactions that are not located in the metropolitan areas of interest (Lille, Rennes and
Bordeaux) are removed. Following Morgan (2007), transaction prices below or above a threshold may
represent outliers, hence any transactions below a price of 15,000 euros have been excluded, since these
are not realistic. In this study we are only interested in residential properties, so all observations that are
not residential under the variable ‘type local’ are dropped. Also, the properties that are a ‘dependance’
are dropped, because this type of property is not even 1% of all observations, and then it makes more
sense to only compare only between ‘apartment’ and ‘maison’. With regards to the handling of missing
data, the observations that have no information on the variables ‘houseprice’ ‘distinkm’, ‘type’,
‘surface’, ‘numberofrooms’, ‘sitesize’ and ‘sitetype’ are dropped. The choice to drop these variables if
they have no relevant information was made because these variables are important to know later on in
the research when comparisons between different types of properties and Natura 2000 sites are made.
There are also quite a lot of double observations, not all observations for ‘id mutation’ are unique. All
duplicates will be dropped. This leaves us with a dataset with 142,487 unique observations. The GIS
layer with Natura 2000 sites from European Environment Agency (2023) originally covers whole
Europe. For the GIS map used for this study the vast majority of this layer was omitted, and only the

data for the country of France was visualized on the map.
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Appendix D — Descriptive statistics

Table D.1. — Observations per site type.

Site type Freguency Percent Cumulative

A 6,129 4.28 4,28

B 94,041 65.74 70.02

C 42,880 29.98 100

Total 143,050 100
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Figure D.2. Histogram house price.
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