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Abstract. Rapid population growth and urbanization have intensified energy demand
and climate vulnerability in cities, elevating the importance of urban green spaces and
energy-efficient properties, which impact real estate values. This study uses a hedon-
ic pricing model to assess how environmental amenities and energy efficiency influ-
ence property prices. We analysed sales contracts from 2022-2023 in Padua (Italy),
enriched with spatial data on key environmental factors. Findings reveal a notable
price premium associated with proximity to green spaces and waterways: for each hec-
tare of park area, properties located within 100 m experience a 5.4% price increase,
while each additional 100 meters from a waterway reduces apartment value by 3.7%.
Additionally, apartments in energy class A or higher command a 30% higher price per
square meter with respect to other energy classes. This research offers valuable insights
into how urban green spaces and energy efficiency shape real estate values in rapidly
urbanizing settings.

Keywords: building’s energy performance, hedonic model, urban environment.
JEL codes: Q49, Q51, R30.

1. INTRODUCTION

The world’s population is three times larger than it was in the mid-twen-
tieth century, growing from 2.5 billion in 1950 to 8 billion in 2022, and it is
projected to reach up to 9.7 billion in 2050 (United Nations, 2022). Around
55% of this total currently lives in urban areas and this share is projected to
reach 68% by 2050 (United Nations, 2019).

The increasing number of people in the cities coupled with the conse-
quences of climate change, such as higher temperatures, floods, and exces-
sive drought is increasing the vulnerability of the population living in urban
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areas (Ebi et al., 2021; Li et al., 2022). Some recent
examples include the heatwaves in Europe that caused
approximately 63 thousand deaths during the summer of
2022 and the floods of May 2023 in the Emilia Romagna
region (Italy), which affected 100 municipalities with 23
rivers flooded and 1,000 landslides (Ballester et al., 2023;
Priolo, 2023; Sabelli, 2023).

Urban green areas, for instance parks with natu-
ral elements such as trees, grass, and water bodies play
an important role in the mitigation of climate change
and improvement of social cohesion in cities (Europe-
an Commission, 2019; Petzold and Mose, 2023). Urban
greenery is known for improving not only physical and
mental health (clean air, aesthetics, recreation, noise
reduction, temperature regulation) but also improving
biodiversity (creation of habitats) and economy (water
infiltration, increase in real estate value of dwellings
located near the green areas) (Campagnaro et al., 2020;
Lungman et al., 2023; Ma et al., 2019; Tempesta, 2015).

In addition to these benefits, the need to spend time
outdoors and reduce stress levels led to an appreciation
of urban green areas, which became even more promi-
nent after the COVID-19 pandemic. In some regions, the
visitation to natural areas increased considerably during
and after that period, especially those places near urban
centres where access was easy and possible (da Schio et
al,, 2021; Grima et al., 2020; Sikorska et al., 2023). The
increased demand for urban green areas is reflected in
real estate transaction prices: studies using hedonic pric-
ing models (HPM) (Rosen, 1974) in different countries
show that properties located closer to an urban green
area or a natural feature, such as a water body, present
a price premium, whereas houses located in a polluted
and noisy area tend to have a lower value (Cordera et
al., 2019; Dell’Anna et al., 2022; Escobedo et al., 2015;
Osland et al., 2022).

The Hedonic Pricing Model (HPM) posits that the
price of a real estate asset is determined by its intrinsic
and extrinsic characteristics. In this respect, the HPM
provides a framework to measure the value of each char-
acteristic directly influencing the price of a dwelling
(Rosen, 1974), thus revealing the effects, among others,
of environmental quality on house prices. More recently,
the accessibility of public georeferenced data has facili-
tated the utilization of Geographic Information Systems
(GIS tools) in generating more refined environmental
variables for model inputs, including factors like the
proximity of dwellings to green areas.

The amenities potentially influencing the price of
a dwelling, however, are not just related to extrinsic fac-
tors such as accessibility (e.g. proximity to services, such
as schools and supermarkets) and environmental qual-
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ity (e.g. presence of green areas nearby and air quality),
but also to intrinsic characteristics, such as its energy
efficiency which is indicated in the Energy Performance
Certificate (EPC). Initiatives related to energy efliciency
have become even more important at the European Union
(EU) level in recent decades due to its linkage to the cli-
mate goals set around carbon neutrality by 2050. Since
buildings are responsible for 40% of EU energy consump-
tion and 36% of energy-related greenhouse gas emissions,
the EPC is an important policy tool towards a zero-emis-
sion economy (European Commission, 2021). The EPC
was introduced to measure how energy efficient is a build-
ing, also in comparison to other buildings. First men-
tioned in the Energy Performance of Buildings Directive
(EPBD) 2002/91/EC, it has become mandatory in the EU
member states, which means that any building, house, or
apartment must have an EPC at the moment of their sale/
lease to inform potential buyers about the energy perfor-
mance of the dwelling (European Parliament and Council
of the European Union, 2002). The directive was revised
in 2010 (Directive 2010/31/EU-Recast) and 2018 (Direc-
tive 2018/2002/EU) with increased standards, such as
stating the EPC in advertisements of dwellings, mandato-
ry targets of energy coming from renewable sources, min-
imum performances, and an increasing number of “zero
energy buildings” (European Parliament and Council of
the European Union, 2010, 2018). In 2024, the European
Parliament approved the revised Energy Performance
of Buildings Directive (EU/2024/1275) to align with the
objectives of the European Green Deal and expedite the
renovation of older buildings while acknowledging the
differences among EU countries in terms of existing
building stocks, geography, and climate. Member States
will have until 29 May 2026 to incorporate its require-
ments into their national laws (European Parliament and
Council of the European Union, 2024).

Even though there is a growing body of litera-
ture using hedonic models to estimate the effect of
energy efficiency and environmental quality on hous-
ing prices, there are still conflicting results and a lack
of studies tackling both aspects simultaneously. This is
especially true in Italy, where only a few studies were
found dealing either with energy efficiency or only with
environmental quality (see Amrusch (2005); Bonetti
et al. (2016); Copiello and Coletto (2023); Cordera et
al. (2019); Fregonara et al. (2017); Guerri et al. (2022)).
We argue that both attributes jointly influence housing
demand. Including both in the same hedonic framework
not only reflects the full set of environmental qualities
valued by households but also allows us to disentangle
private versus public pathways to sustainability, thereby
offering a more holistic understanding of urban hous-
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ing markets, avoiding omitted variable bias. A further
aspect that deserves attention in the current literature is
the fact that most of the studies that applied the HPM
to analyse the effect of EPC on the real estate market in
Italy used the dwellings’ asking prices instead of actual
transactions. This is because obtaining real transaction
data is challenging, as transaction prices are not read-
ily accessible or publicly available in the country (Bisello
et al., 2020; Manganelli et al., 2019). According to some
authors (Kolbe et al., 2021), the use of asking prices
instead of real transaction data, however, could lead to
upward bias and large error variance in the estimates.

Considering the gaps in the current literature, the
aim of this paper is twofold: i) to assess the effect on
apartment prices of extrinsic factors, including envi-
ronmental quality, and ii) to estimate the influence of
energy efficiency (as measured by the EPC) and other
intrinsic characteristics on apartment prices. The origi-
nality of this paper lies in i) the simultaneous analysis of
the effect of both private (energy efliciency) and public
(green amenities) environmental characteristics on prop-
erty values, which offers guidance to both private actors
and policymakers on where to focus resources for maxi-
mizing housing value and sustainability benefits; and i)
the use of transaction data from sales contracts instead
of asking prices derived from real estate listings.

The paper is organized as follows: after a literature
review in section 2, section 3 introduces the study area
and the methodological steps of the hedonic modelling.
In section 4, the results are reported along with their
interpretation. The findings are discussed in section 5
and section 6 presents the conclusions of the study.

2. PREVIOUS STUDIES

An extensive body of literature explores the rela-
tion between house prices and either environmental
amenities or energy performance, presenting a notable
expansion in number over time (Fregonara and Rubino,
2021; Schaeffer and Dissart, 2018). The HPM is one of
the most employed methodologies for estimating these
effects. In this section, we delve into the various environ-
mental factors and energy performance indicators used
in hedonic models documented in the literature.

2.1. Valuation of environmental amenities in the housing
market

The effect of environmental amenities on the hous-
ing market has been investigated through hedonic
models by researchers since the end of the last century.

For instance, in the 1980s, by estimating hedonic mod-
els with 781 house sales in Boston (US), Li and Brown
(1980) found that the higher the distance to river, ocean,
or recreational area, the lower the price of houses. Addi-
tionally, the influence of environmental aspects on prop-
erty prices has grown over time. In a study developed
in Singapore, Teo et al. (2023) estimated that during
the 1990s tree cover represented 9.2% of the sales price
of an apartment unit; this increased to 10.9% during
the 2000s; and 11.7% during the 2010s. The increasing
appreciation of green urban areas was related to their
decreasing quantity and quality over time.

The environmental quality in urban and peri-
urban areas has been explored through different vari-
ables, such as air quality (Chay et al., 2005; Cordera et
al., 2019; Franco and Cutter, 2022; Freeman et al., 2019;
Hitaj et al., 2018), proximity to a water body (Anderson
and Vahe, 2018; Bonetti et al., 2016; Dell’Anna et al,,
2022; Sander and Haight, 2012; Schaerer et al., 2008),
water quality (Bonetti et al., 2016; Moore et al., 2020),
landscape composition (Allen Klaiber and Phaneuf,
2010; Luttik, 2000; Sander and Haight, 2012; Schaerer
et al., 2008; Schlédpfer et al., 2015), proximity to green
areas (Anderson and Vahe, 2018; Conway et al., 2008;
Dell’Anna et al., 2022; Franco and Macdonald, 2018;
Laszkiewicz et al., 2019; Osland et al., 2022; Panduro
and Veie, 2013; Plant et al., 2017; Wu et al., 2022), view
of green areas (Jim and Chen, 2006; Morancho, 2003;
Panduro and Veie, 2013; Sander and Polasky, 2009;
Wasson et al., 2013; Wu et al., 2022) and features of the
green areas, such as size and shape (Anderson and Vahe,
2018; Conway et al., 2008; Franco and Macdonald, 2018;
Liebelt et al., 2018; Shinozaki et al., 2019).

Focusing on examples of characteristics related to
green urban areas, a study carried out in the United
States identified that green parks’ size and proximity
have a small but statistically significant effect on hous-
ing prices: the increase of 1% in park area results in
the increase of house sales price by 0.03%, and a 1%
decrease in distance from the park results in an increase
of 0.016% in the sales price (Poudyal et al., 2009). Still
in the US, another study found a positive effect of the
presence of trees within the property, with its value
increased by US$1,586 per tree present in the dwelling
area (Escobedo et al., 2015). In Portugal, the tree canopy
coverage in urban areas (Lisbon) also presented a posi-
tive effect on property prices, with a 0.20% increase in
price from each squared kilometre increase in the rela-
tive size of the tree canopy, equal to approximately €400
per dwelling (Franco and Macdonald, 2018).

In terms of accessibility and size of green areas,
a study in the UK showed that the presence of a small



74

functioning green space within 200 meters of a property
increases its price by 0.5%, and the greater the size of
the green area, the greater the premium, reaching up to
1.4% (Anderson and Vahe, 2018). In Singapore, the dis-
tance to a park presented a negative effect on the price
of dwellings, meaning the longer the distance from a
park, the lower the property price, with an average house
price reduction of USD 181.67 for one meter of increas-
ing distance (Dell’Anna et al., 2022). Similar results were
found in China, where a 1% improvement in accessibil-
ity to green parks results in a 1.6% increase in price and
that properties with a higher percentage of green area
within a 300 m radius have higher values, with each per-
centage point of green space adding 2.1% to the price
per square meter (Kong et al., 2007). On the other hand,
another study of house asking prices in China showed
that the view of a green area is more important than its
accessibility or size (Wu et al.,, 2022). In Norway, envi-
ronmental amenities such as proximity to a lake, green
park dominance, and ocean view showed a significant
and positive effect on dwellings transaction prices, pre-
senting premiums of 13.7%, 7.3%, and 3.8% respectively
(Osland et al., 2022).

In Italy, more specifically in the city of Florence,
Guerri et al. (2022) found that residential buildings with
the highest values were in thermally neutral zones (out-
side of hotspots related to urban heat island), character-
ized by the presence of high green and blue infrastruc-
ture (tree cover and water bodies). In Milan, Borgoni
et al. (2018) found that the size and proximity to green
areas also showed a positive relation to housing prices.
Only one study focused on the city of Padua using envi-
ronmental quality aspects and spatial econometrics, but
it focused on air quality and used listing prices from real
estate agencies’ websites (Amrusch, 2005).

When it comes to the blue infrastructure, the litera-
ture shows that the size and proximity to a water body
play a positive role in property price (Anderson and
Vahe, 2018; Cohen et al., 2014; Luttik, 2000; Sander
and Haight, 2012). Such a relation depends on the qual-
ity of the water. For example, Bonetti et al. (2016) found
that in Milan the proximity to a canal was considered
an amenity in heavily anthropic areas since it improves
the environmental conditions, whereas the proximity to
a stream has a negative effect on price, decreasing prop-
erty value, due to the poor water quality of the streams
located in the city.

2.2. Valuation of energy efficiency in the housing market

Studies show that at the global level, energy labels
positively influence housing sales prices, with the mere
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presence of an energy label correlating to an aver-
age price premium of 4.2%, with the highest premium
observed in North America (5.36%) (Cespedes-Lopez et
al., 2019). Focusing on Europe, some differences between
residential and commercial buildings, as well as between
sales and rents emerged: for the price of residential
buildings, an increase of 3-8% due to energy efficiency
improvements was found, and for residential rents, the
premium was of around 3-5%. The increase in prices is
higher for commercial buildings, with premium prices
over 10% and rental prices being positively affected by
2-5% (Zancanella et al., 2018).

At the country level, many studies showed a posi-
tive effect on housing prices deriving from more efficient
EPC classes (Goel, 2023; Marmolejo-Duarte et al., 2020;
Taruttis and Weber, 2022). On the other hand, some
studies that also used hedonic models showed that EPC
only modestly impacted listing prices (Fregonara et al.,
2017; Marmolejo-Duarte and Chen, 2019) or did not
affect price at all (Olaussen et al., 2017, 2021; Olaussen et
al., 2019; Wilhelmsson, 2019).

In Italy, to the best of our knowledge, Fregonara et
al. (2014) were the first to analyse EPC ratings’ influence
on real estate. Focusing on the city of Torino, they used
a sample of 577 buildings collected in 2012, the year
that marked the beginning of the mandatory inclusion
of EPC in advertisements of dwellings for sale in Italy.
Results from the hedonic models showed a weak rela-
tionship between listing price and high energy efficien-
cy levels. One of the explanations was that the poten-
tial buyers were not yet aware that a higher investment
in energy-efficient houses meant lower maintenance
costs in the future, and so this was not reflected by real
estate agencies. Such a weak relationship was confirmed
by Fregonara et al. (2017) in a subsequent study. More
recently, however, according to Barreca et al. (2021),
price premiums presented an increasing trend in Torino,
with low EPC labels (E, F, and G) significantly and nega-
tively affecting housing prices, while high EPC labels
(B, Al, A2, A3, and A4) presented a smaller but positive
influence on them.

Still in Northern Italy, more specifically in Bolzano,
a premium of 6% was found for properties moving from
the worst energy performance class (G) to the best (A)
(Bisello et al., 2020). The authors used hedonic models
based on 825 listing prices. Moving to Southern Italy, in
the city of Bari, studies using transaction prices identi-
fied premiums from 27% to 29% in properties present-
ing EPC class A (Manganelli et al., 2019; Morano et al,,
2020). The first study calculated the premium by com-
paring class A dwellings to those not belonging to class
A whereas the second study compared class A dwellings
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to those belonging to class G. The lowest EPC (class G)
presented a similar but negative effect (-27%) when com-
pared to dwellings not belonging to this class (Morano et
al., 2020). In Reggio Calabria, an evolutionary polynomi-
al regression using a sample of 515 residential properties
identified a premium of 41% on sale prices of properties
presenting the highest energy performances (EPC class A
or B) when compared to class G (Massimo et al., 2022).
Specifically in Padua, Copiello and Bonifaci (2015)
not only found that EPC has a statistically significant
influence on house prices, but that it can reach up to
22% of premium price if the dwelling is class A (the
highest EPC), when compared to class G (the lowest
EPC). More recently, Copiello and Coletto (2023), by
using a spatial autoregressive model, found a price pre-
mium of 55% for dwellings of class A4 when compared
to those of class D, class G in this case presented a 29%
decrease in unit price when compared to class D.

3. METHODOLOGY
3.1. The hedonic model

In nonmarket valuation, the HPM is a key compo-
nent of Revealed Preferences Methods (RPM), alongside
the Travel Cost method, and is widely applied in real
estate (Herath and Maier, 2010). RPM are grounded in
the idea that the value of many environmental amenities
or disamenities can be inferred from people’s purchasing
decisions related to market goods. Observing real mar-
ket choices enables the estimation of these values (Boyle,
2003). The HPM is theoretically underpinned by Rosen’s
model (Rosen, 1974) and Lancaster’s consumer theory
(Lancaster, 1966) and is used to estimate the value of a
good or service by breaking it down into its constituent
attributes.

This model is particularly useful in real estate mar-
kets, where the price of a dwelling is influenced by a
combination of characteristics. These characteristics may
encompass intrinsic attributes, which are those features
directly related to the property itself (e.g., number of
bedrooms, year of construction), and extrinsic attributes,
which are beyond the property’s limits but still affect it
(e.g. local school quality, proximity to amenities). There-
fore, the price of the i house can be modelled as a
dependent variable of its characteristics:

Pi = f(I7E7L7t) (1)

where P is the rent or price of the house; I refers to
property-related attributes (intrinsic characteristics); E
refers to extrinsic characteristics (environmental and

non-environmental); L refers locational variables (when
a spatial model is applied) and; ¢ is an indicator of time
(Malpezzi et al., 2002). Equation (1) can then be speci-
fied as:
Pi =K + aiz1 + asz2 + - +aizi+ - +anZn  (2)
where K is a constant, a; is the regression coefficient, and
x; is a characteristic of the dwelling. From an econom-
ic point of view, in the case of linear models, a; corre-
sponds to the marginal price of each characteristic, that
is the price increase determined by a unitary increase
of the independent variable (Rosen, 1974). The linear
regression in Equation (2) is commonly turned into a
log-linear regression by taking the natural logarithm of
the dependent variable (Equation (3)).
Ln(P;,) = K+ aiz1 + aszs + -+ +a;x; + -+ apzy, ?3)
This is also the model specification we used in our
study. In the case of continuous variables, it is possible
to interpret the coeflicients (a;) as the percentage change
of the property price (P) due to marginal changes in the
independent variables (x;), while in the case of discrete or
dichotomous variables the percentage change of P can be
calculated as follows (Halvorsen and Palmquist, 1980):

AP 100 = (" — 1) ¢ 100 @)

3.2. Study area and data

The study area being considered is the municipal-
ity of Padua, located in the Veneto region, north-east-
ern Italy. Padua is located approximately 35 km west of
Veneto’s capital Venice (Figure 1) and covers an area of
93 km? with a population of 206,500 inhabitants (ISTAT,
2011, 2023). Padua is the capital of the most densely
populated province in the region of Veneto: the homony-
mous province presents an average of 429.7 inhabitants
per km? (ISTAT, 2011).

Padua is geographically situated within an allu-
vial plain area, between two relatively large rivers: the
Brenta and the Bacchiglione (Comune di Padova, 2004).
The city is characterized by a sub-continental climate,
marked by a minimum average temperature of 1°C in
January, a maximum average temperature of 30°C in
July, and annual average precipitation of 913 mm, based
on data spanning the period 1994-2022 (ARPAV, 2023).

The transaction data of apartments in Padua was
obtained through the Italian Revenue Agency (Agenzia
delle Entrate) web portal, which contains sale contracts
that were officially registered by the Agency. The select-
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Venice

Figure 1. Location of the study area. The study area is the munici-
pality of Padua, located in the Veneto region (in grey), Northeast-
ern Italy. The map was generated using QGIS software.

ed transaction period was from July 2022 to February
2023. To minimize the influence of inflation and other
economic factors on property values, we opted for a rela-
tively short sales period. At the same time, we ensured
the selected timeframe provided a sufficient number
of observations for robust analysis. The data collection
resulted in a dataset of 398 transactions; however, only
321 were complete and suitable for the data analysis,
since in some contracts there was missing information
on some characteristics needed for the model. Of this
total, only 222 were in the “apartment” category. Only
apartments were considered since it would not be cor-
rect to compare different goods (e.g. houses, commer-
cial buildings, attics, etc.). Among the different types of
buildings, we chose to focus on apartments, as they are
by far the most common type of dwelling in the city.
While 222 observations might appear limited, this
sample size is considered appropriate when analyzing
transaction data in a medium-sized Italian town, given
the challenges in obtaining such data. In Italy, transac-
tion data is neither readily accessible nor publicly avail-
able. To collect this information, one must register with
the Italian Revenue Agency and manually download
individual sales contracts in PDF format. Data are then
extracted analyzing each sale contract “manually”, and
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this procedure is highly time consuming. Furthermore,
a large quota of the analyzed contracts are usually dis-
missed, due to partial sales (only a quota of the owner-
ship of the building is being sold), or because the object
of the transaction is not suitable for the research (trans-
actions of garages or commercial buildings for exam-
ple). In contrast, asking prices are significantly easier
to collect. However, as previously introduced, relying
on asking prices instead of actual transaction data can
introduce upward bias and greater error variance in
estimates. This is because sellers often list properties at
prices much higher than their eventual sale price. Addi-
tionally, sellers and realtors may overestimate the influ-
ence of certain variables on property prices, further
compounding biases.

Along with the transaction price (€/m?) of apart-
ments in Padua - the dependent variable - the predic-
tors are listed in Table 1 and Table 2. The majority of
the variables presented in Table 1 and Table 2 are self-
explanatory, but some need further details. The “Energy
class” represents a dummy variable indicating (value 1)
if the EPC equals to A (namely Al, A2, A3, A4), while it
assumes value 0 for all other classes (B, C, D, E, F, and
G). “Elevator” is a dummy variable assuming value 1 if
the elevator is present and 0 if it is absent, while “Media-
tion” assumes value 1 if the transaction was mediated by
a real estate agency. As mentioned in section 3.1, a semi-
log model was preferred, enabling a direct interpreta-
tion of percentage variations in price resulting from unit
changes in the independent variables.

Our data source, the sale contracts, includes details
on the transaction price of the apartment, its address,
cadastral information, surface, blueprint, EPC, year of
construction, presence and age of the heating system,
and other contract specifications (e.g. personal infor-
mation of the buyer(s) and the seller(s)), which charac-
terized the intrinsic factors to feed the hedonic regres-
sion. By extracting the cadastral data found in the
contract of each apartment, it was possible to enrich
the transaction database by retrieving the geographic
coordinates through the online application Formaps
(https://www.formaps.it/), which was crucial for spatial
analysis. By importing the coordinates of each proper-
ty into a GIS platform (QGIS software version 3.28.1),
additional variables were generated for each building,
thus characterizing the extrinsic factors, namely: i) the
Euclidean distance from the property to the train sta-
tion; i) number of schools within a radius of 200 m;
iii) number of supermarkets within a radius of 200 m;
iv) urban parks area within a radius of 100 m; v) urban
parks area between 100 and 200 m; and vi) the Euclid-
ean distance of each apartment to the nearest water-
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Table 1. Continuous variables summary statistics.

Variable Unit N Min Q1 Median  Mean Q3 Max SD*
Price € 222 27,300 105,000 140,000 212,527.1 247,500 935,000 178,987.5
Unit price €/m? 222 380.2 1,140.6 1,746.4 1,999.9 25974 5,252.8 1,071
Apartment surface m? 222 28 75.2 97 105.3 124 434 52.8
Age of the apartment years 222 1 30.5 53 52.6 63 173 30.4
Year in which the heating system was installed years 222 1915 2002 2009  2007.6 2015 2023 113
Bathrooms number number 222 1 1 1 1.3 1 4 0.5
Train station distance (Km) Km 222 0.4 1.3 2 2.4 3.1 5.5 1.3
Number of schools within a radius of 200 m number 222 0 0 0 0.2 0 2 04
Number of supermarkets within a radius of 200 m number 222 0 0 0 0.4 1 4 0.8
Waterway distance (Km) Km 222 0 0.2 0.4 0.5 0.7 1.4 0.4
Urban parks area (ha) within a radius of 100 m ha 222 0 0 0 0.6 0.6 6.8 14
Urban parks area (ha) between 100 and 200 m ha 222 0 0 0 0.6 0.6 6.8 1.5
* SD = Standard Deviation.
Table 2. Categorical variables summary statistics. "
Variable Levels N Percent

Energy class A’ 222 .

0B,C D,EFG 201 91% %

1 A, or greater 21 9% %
Elevator 222 g 8.0

0 absent 124 56% E

1 present 98 44%
Mediation™ 222

0 absent 92 41%

1 present 130 59%

" Dummy indicating EPC class A (Al, A2, A3, A4) value = 1, other
classes (B, C, D, E, F and G) value = 0.
™ Whether the transaction was mediated by a real estate agency.

way. The distances were measured in meters, and the
area was measured in square meters. The buffer consid-
ered, namely a 200 m radius, was chosen based on the
average distance between properties and urban parks,
which was of 181 meters.

The location of supermarkets, train station, schools,
and waterways, was collected through the “Quick OSM”
plugin in QGIS. The geoinformation on the different
land uses, including urban parks, was downloaded from
the geoportal of the Veneto Region (https://idt2.regione.
veneto.it/).

The age of the buildings was modelled in a parabolic
fashion, to take into account that typically both historical
and newer buildings have a positive effect on the trans-
action price. More specifically, the parabolic relation
between price and age implies that the older (historical)
or newer (with highest comfort and better energy perfor-
mances) the dwelling the higher the price (Figure 2).

0 50 100 150
Age of the dwelling (years)

Figure 2. Estimated effect of age on property price in the study
area. Quadratic relation between the natural logarithm of price (€/
m2) and the age of the dwellings in the dataset (black line = pre-
dicted values, grey bound = 95% confidence interval). The analysis
was conducted using R software.

Once all the variables were generated, the hedonic
models were analysed using R version 4.2.3. The good-
ness-of-fit of the models was obtained by conducting the
F-test, adjusted R-Squared test on common OLS models.
To avoid collinearity, variables presenting a Pearson cor-
relation coefficient superior to 0.5 were removed from
the models. We also checked for the existence of over-
all multicollinearity by measuring the variance inflation
factor (VIF).

4. RESULTS

The 222 apartments found in the sales contracts for
the selected period are distributed throughout Padua as


https://idt2.regione.veneto.it/
https://idt2.regione.veneto.it/
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Padova boundaries
Samples (€/m2)
e 373-972
® 972-1327
® 1327-1712
o 1712 - 2180
2180 - 2789
2789 - 5166

Google satelite

Figure 3. Observations’ distribution. Map of the municipality of Padua containing the observations represented by dots ranging from dark
blue (lowest price per square meter) to dark red (highest price per square meter). The map was generated using QGIS software.

illustrated in Figure 3. Notably, apartments exhibiting
higher values (depicted in red) are concentrated in the
city centre, while those in blue and green hues, indicat-
ing lower values, are situated at greater distances from
the city centre. The observations were distributed across
different areas of the city, with a slight concentration in
the city centre. This reflects the reality of the local real
estate market, as the city centre typically exhibits a more
dynamic real estate market. Additionally, the peripheral
areas of Padua are predominantly characterized by rural
and industrial activities, with few to no apartments pre-
sent. As a result, no transactions were recorded in those
areas during the selected period.

The model results (Table 3) were estimated by using
the 222 apartment sales in Padua, with the logarithm of

unit transaction price in €/m? serving as the dependent
variable as described in Equation (3). Only independent
variables that were significant with at least 90% prob-
ability were included in the model. There are no collin-
earity phenomena in the model (VIF < 2) with the sole
exception of age and age squared.

Regarding the intrinsic characteristics of the apart-
ments, the model highlights that the price per square
meter decreases as the surface area increases. Every
additional square meter of surface decreases the price by
0.34%. Additionally, the presence of two bathrooms and
a lift is significant, and they both increase the price per
square meter by 17%.

Estimating the impact of energy class on price is
complex due to potential collinearity issues, as recently
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Table 3. Hedonic model results. Dependent variable: log of apartment prices per square meter (€/m?).

Price (€/m?)

Variables Coefficients p-value 9% variation

Constant -5.651

Apartment surface (m?) -0.00347 el -0.34
Energy class A 0.265 b 30.34°
Age of the apartment -0.0166 rrx

Squared age of the apartment 0.000125 il

Year in which the heating system was installed 0.00691 ok 0.69
Bathrooms number 0.173 o 17.35
Elevator 0.161 ek 17.42°
Train station distance (Km) -0.123 bl -12.32
Number of schools within a radius 200 m 0.122 * 12.18
Number of supermarkets within a radius 200 m 0.0965 *ork 9.65
Urban parks area (ha) within a radius of 100 m 0. 0541 bl 5.41
Urban parks area (ha) between 100 and 200 m 0. 0393 o 3.93
Waterway distance (Km) -0. 366 ek -36.6
Mediation 0.11860 b 12.59°

Observations = 222 / R-squared = 0.551 / Adjusted R-squared = 0.521 / St. Error of the model = 0.378.

° Calculated using Equation (4).
Note: * p<0.10, ** p<0.05, *** p<0.01, **** p<0.001.

built apartments typically belong to the highest ener-
gy classes. However, the energy class is in some ways a
proxy for the age of the property and therefore, by omit-
ting this last characteristic, the effect of the energy class
can be overestimated. From the estimated model in
which the age of the property is inserted, it emerges that:
(i) apartments belonging to energy class A or greater
increase the price per square meter by 30 %. We reduced
the energy classes in the model to two classes (>=A, all
other classes) because in further exploratory analyses we
found that apartments belonging to other energy classes
did not have a statistically significant effect on the price.
As to the effect of age, it is interesting to note that in
the city of Padua this variable presents a parabolic trend
(Figure 2 and Table 3). Including both the linear and
squared terms allows us to account for the possibility
that price does not decline uniformly with age. Instead,
the relationship may follow a U-shaped curve (Figure 2),
where price initially decreases with age (captured by the
negative linear coefficient in Table 3), but beyond a cer-
tain point, the effect of age becomes less negative or even
slightly positive (captured by the positive squared term
in Table 3). This pattern can reflect architectural or his-
torical value in older buildings, or improvements made
over time. More specifically, it causes the price of the
property to decrease until the age of 67, after which the
price per square meter increases. It can be deduced that,
at least generally, the oldest properties built before the
Second World War are more appreciated by the market

for their architectural characteristics or for their location
closer to the city centre.

The last intrinsic characteristic analyzed, the year
of installation of the heating system, presented a posi-
tive effect on the price, regardless of the energy class to
which it belongs (0.69% for each additional year).

Regarding the extrinsic non-environmental char-
acteristics, the model highlights that proximity to some
services increases the price of the property. The price
decreases by 1.23% as the distance from the train sta-
tion increases by 100 m. The number of schools within
200 m increases the unit price by 12.2% and the number
of supermarkets by 9.6%. These estimates align with the
urban income theory, which posits that the willingness to
pay for a property also depends on future costs associated
with accessing the diverse range of essential services.

Concerning the environmental characteristics, two
variables are significantly correlated to the price: the
area occupied by urban parks within a radius of 100 m
and from 100 to 200 m and the distance from water-
ways. When it comes to the urban parks variable, it
should be noted that their effect is statistically significant
up to a distance of 200 m. It can also be seen how the
effect decreases as the distance of public greenery from
the home increases: one hectare of park located less than
100 m from the home increases the price by 5.4%, this
premium drops to 3.9% for parks placed at a distance
between 100 and 200 m. The distance from waterways
also has a significant effect on the price of houses: for
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every additional 100 m of distance from the waterway,
the apartment price is reduced by 3.7%.

Finally, the model demonstrates that a subjective
characteristic unrelated to the property itself or the pro-
vision of economic, social, and environmental services
can influence house prices. Specifically, when an apart-
ment was sold through a real estate agency (mediation),
the premium was on average 12.6% higher. This could be
due to Italian legislation, which mandates that the price
declared in the sales deed must match the actual price
paid if a real estate agent is involved. Alternatively, it is
possible that real estate agents are able to increase the
sales price or that they predominantly handle higher-
priced properties, resulting in a higher average unit price.

5. DISCUSSION

From the analysis of the transaction contracts
and geospatial data, some clues regarding the effect of
environmental characteristics on property prices have
emerged. The findings indicate a statistically significant
influence of both energy efficiency and extrinsic envi-
ronmental factors on apartment prices in Padua, repre-
sented by price premiums.

First, the price premium of 30% found for best-per-
forming apartments (EPC=A) is consistent with the liter-
ature which has been showing the increased importance
of energy performance on real estate. The estimated
price premium found in this study is somewhat similar
to the one of Massimo et al. (2022) in the Italian munici-
pality of Reggio Calabria where a 41.5% premium was
found for residential properties presenting EPC A or B
compared to other energy classes. Using an intermediary
baseline (EPC=D) in the same city explored in the pre-
sent study, Copiello and Coletto (2023) found a premium
price of 55% for apartments belonging to EPC=A4 and
a decrease of 29% for those with EPC=G. Price premi-
ums were also found in other parts of Italy, such as in
the municipality of Bolzano, where a premium of 6%
was found for properties moving from the worst ener-
gy performance class (G) to the best (A) (Bisello et al.,
2020). In Bari, studies using transaction prices identified
premiums from 27% to 29.41% in properties presenting
EPC>A (Manganelli et al., 2019; Morano et al., 2020)
and a decrease of 27% for the worst-performing dwell-
ings (EPC=G) (Morano et al., 2020).

In the context of examining the influence of energy
performance on the real estate market, a relevant obser-
vation arising from our study is the correlation identified
between the apartment’s age and its EPC rating. With-
in our sample, newly built apartments exhibit superior
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energy performance, introducing the potential for con-
trasting conclusions. Divergent approaches exist in the
literature: some studies incorporate both age and EPC
in their models (e.g. Barreca et al. (2021); Manganelli et
al. (2019); Morano et al. (2020)), while others opt for a
singular variable, with EPC serving as a proxy for addi-
tional factors such as a building’s age or simply because
other attributes are not significantly affecting price (see
Bisello et al. (2020); Copiello and Coletto (2023); Mas-
simo et al. (2022)). Certain authors consider this correla-
tion problematic, as omitting variables correlated to the
EPC may lead to overlooking the impact of the selected
variable on price (Olaussen et al., 2017).

Regarding extrinsic environmental variables, our
findings suggest a positive effect of the proximity to
water, illustrated by a 3.7% decrease in price for every
additional 100 meters from the waterway, which aligns
with the research of Bonetti et al. (2016) who identified
an even stronger price decrease in Milan (Italy), of 7.4%
for houses for an additional meter of distance from the
canal. Taking into consideration the effect of blue spac-
es in general, our findings are somewhat aligned with
Anderson and Vahe (2018), who identified a premium
price of 0.9% for those properties located within 200 m
from a small blue space in the UK. In the Netherlands,
a 1.91% discount in price was found for properties locat-
ed 25-50 m from the nearest water when compared to
properties located less than 25 m away and the discount
increased to -4.04% for properties positioned 200-400
m from the nearest water body (Koster, 2022). Another
study in the Netherlands estimated a premium price of
7% for a house located within 1000 m from a lake, and
this premium got up to 28% if the house was by the lake
with a nice view (Luttik, 2000).

Finally, the effect of green urban areas is evidenced
in our results by a 5.4% premium for an additional hec-
tare of urban park located within 100 m of the apart-
ment (and 3.9% for a distance between 100 and 200 m)
aligns with existing literature regarding size and prox-
imity of green features. The positive correlation between
the size of the closest green parks and property value
has been consistently supported by various studies. For
instance, an additional 1% of green space within 500
m of apartments in Poland increased the sale price by
3.95 PLN per square meter (Czembrowski and Kronen-
berg, 2016). Similarly, in Finland, an additional 1 km
in the distance to the nearest forested area resulted in a
decrease of 5.9% in the price of the dwelling (Tyrviin-
en and Miettinen, 2000). In Costa Rica, Piaggio (2021)
reported a 4% premium price for each additional 1%
increase in size of the closest neighborhood park. Simi-
larly to our findings, the authors also observed that dis-
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tance alone was not a significant factor in their study
area, as there were numerous parks within walking dis-
tance. Poudyal et al. (2009) in the United States identi-
fied that both the proximity and size of green parks
impact property price. They found that a 1% increase in
the park area corresponded to a 0.03% increase in house
sales price, and a 1% decrease in distance from the park
resulted in a 0.016% increase in the sales price. In the
UK Anderson and Vahe (2018) demonstrated that the
presence of a small functioning green space within 200
meters of a property led to a 0.5% increase in price, with
larger green areas presenting greater premiums, reach-
ing up to 1.4%. Parallel findings were observed in China,
where a 1% improvement in accessibility to green parks
results in a 1.6% increase in price and that properties
with a higher percentage of green area within a 300 m
radius have higher values, with each percentage point of
green space adding 2.1% to the price per square meter
(Kong et al., 2007).

6. CONCLUSIONS AND POLICY IMPLICATIONS

This article empirically tested whether EPC labels
and extrinsic environmental characteristics affect hous-
ing transaction prices in the Italian city of Padua. By
using a dataset composed of 222 sales contracts from
July 2022 to February 2023, we estimated the influence of
these various features through a hedonic pricing model.

Based on this sample, EPC labels influence the
price of apartments, with a price premium for the best-
performing ones (EPC = A or greater). The Energy Per-
formance of Buildings Directive stands as the principal
policy tool within the European Union for achieving
energy efficiency goals, and since higher EPC labels indi-
cate better energy performance, thus lower energy con-
sumption and compliance with net zero emissions, this
research serves as evidence that better energy perfor-
mance is being capitalized to increased property price,
which can motivate investors in renewing old buildings
and developing new ones with EPC labels A, especially
with the recast of the EPBD in 2024.

When it comes to environmental aspects, the small
but significant effect of both the area occupied by urban
parks and proximity to waterway on apartment price
suggests that they are perceived as environmental ameni-
ties and are capitalized in the real estate market. This
serves as indicators for various stakeholders, such as
urban planners and investors, signaling the potential
benefits of enhancing existing green spaces, investing in
new ones, and developing residences within convenient
walking distances from these amenities. The findings

also represent empirical evidence that water presents
value beyond its direct use for drinking and agricul-
tural purposes, representing aesthetic and recreational
resources to urban residents.

The limitations of this study stem from its reliance
on sales contracts obtained from the Italian Revenue
Agency. Although this approach avoided the biases often
associated with asking prices, it resulted in a smaller
sample size and lacked detailed information on intrin-
sic property characteristics, such as condition or reno-
vation status, which are not present in sales contracts in
the country. While the reduced sample size may increase
variance in the estimates, and the absence of certain vari-
ables could impact model accuracy or introduce bias, the
findings reveal meaningful relationships that provide a
strong foundation for future research. Building on these
results, future studies could incorporate more detailed
property data to further enhance the robustness and
precision of the model, offering even greater insights
into price determinants. Additionally, as a suggestion
for future research, considering the potential interaction
among variables found in the regression analyses, further
exploration through spatial models is recommended.
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