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Introduction

A city is a space that is characterized by a 
compact structure and whose elements are 
in constant interaction. One of the elements 
of the functional-spatial structure of the city 
are recreational areas. Recreational areas 
are open spaces with built infrastructure in-
tended for recreational activities. Their basic 
characteristics are the predominant natural 
environment, which includes vegetation, i.e. 
greenery (forest, grass, flowers), and often 
also water areas (river, canal, lake) and a 
certain number of built objects (paths, roads, 

buildings, playgrounds, sports halls, sports 
facilities). These areas are used by users for 
recreational activities. The largest recrea-
tional areas are generally located on the out-
skirts of the city, as this is where the largest 
open spaces are available. Green areas in the 
city consist of parks, gardens, urban forests, 
promenades and other smaller areas that are 
covered with vegetation but have fewer or no 
buildings (they may include walking paths, 
benches and other rest areas). In addition to 
other functions, the green areas integrated 
into the urban structure also serve active and 
passive recreation.
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Abstract

Urban green and recreational spaces are important for residents and one of the foundations for the functioning 
of cities. They offer numerous benefits, including the influence on the price of real estate as an economic benefit. 
In this paper, the influence of green and recreational areas in Zagreb on the price of apartments in residential 
buildings is analysed using the hedonic pricing model. The data for the study was processed and analysed 
using a geographic information system. A local hedonic price model was developed. The results show that 
some of the observed green and recreational areas increase the price of housing due to their proximity, while 
others decrease it. Some areas have no influence on the price of housing. The influence of the observed areas 
on housing prices was heterogeneous. Spatial differences were also found in the influence of the observed 
areas on housing prices. The most attractive factors when choosing a place to live are Jarun and the parks in 
the city centre. The price of apartments that near the Jarun increases by 41 EUR/m2 if the apartment is 100 m 
closer to the Jarun. The price of the apartment increases by 91 EUR/m2 the closer the apartment is to the parks 
in the city centre (per 100 m). Apartments near Jarun and the parks in the city centre are not available for 
residents with lower socio-economic status. The forest areas, Maksimir Park and the banks of the Sava river 
are not favoured when choosing a place to live. Neighbourhoods near these areas are available to the lower 
socioeconomic status population. Bundek raises the price of one part of the apartments and lowers the price 
of the other. The results of this study can contribute to the study of green gentrification in Zagreb, but further 
research is needed on socio-economic indicators and other changes in the region.
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Green and recreational areas in the city 
play an important role in the functioning 
of the city and its inhabitants. Sustainable 
urban development has recognized the im-
portance of cultural, historical and natural 
values that are irreplaceable and therefore 
non-renewable (Pacione, M. 2009). In addi-
tion to historic neighbourhoods, this catego-
ry includes parks and natural landscapes that 
provide space for play, recreation and access 
to nature. In addition to economic vitality, an 
ideal sustainable urban community is char-
acterized by ecological integrity (clean envi-
ronment, access to natural areas) and social 
well-being (equitable access to housing, rec-
reational activities, etc.) (Pacione, M. 2009). 

The importance of planning and incor-
porating green spaces into urban design 
stems from the benefits they provide to city 
residents. Tyrväinen, L. and Miettinen, A. 
(2000) emphasize the aesthetic, ecological 
and economic benefits of forests, the posi-
tive influence on people’s mental health and 
the opportunities for recreation. Swanwick, 
S. et al. (2003) have categorized the benefits of 
green areas into four groups: social benefits 
(access for all population groups, educational 
benefits), health benefits (outdoor exercise, 
psychological benefits), ecological benefits 
(preservation of biodiversity and cultural 
heritage, reduction of air and water pollu-
tion, positive impact on urban climate) and 
economic benefits (employment, attraction 
for businesses and tourists, value of nearby 
real estate). Harnik, P. and Crompton, J.I. 
(2014) distinguish between the direct and 
indirect economic value of parks. 

The direct economic value includes the 
economic profit from park visitors and the 
profit from the provision of some services 
in the park. Visitors give funds to the mu-
nicipality in the form of taxes by paying gas, 
groceries, restaurant meals or hotel accom-
modation. The municipality uses some pro-
portion of this money to reinvest in tourism 
and the promotion of the parks. 

The indirect economic value of parks re-
lates to the impact on property values, re-
ducing flooding, reducing air pollution, im-

proving health and general social benefits. 
Olbińska, K. (2018) categorizes the benefits 
of urban green areas into three groups: eco-
nomic (impact on property value, rent, real 
estate market activity, jobs, tourism), envi-
ronmental (increased biodiversity, air tem-
perature balancing, reduced pollution, im-
proved drainage, flood risk reduction, noise 
reduction), social benefits (they enable sports 
and recreation, socialization, education, usu-
ally have a positive impact on health). 

The public interest in the city’s green and 
recreational areas arises from all the benefits 
mentioned and not mentioned. They are 
public goods and as such have often been re-
garded as free of charge. Nevertheless, they 
contribute to the economy through their 
existence and use. The economic value of a 
public good is made up of a market value 
and a non-market value (Lockwood, M. and 
Tracy, K. 1995). The greatest economic val-
ue of a public good, recreational resources, 
cannot usually be expressed through a price 
mechanism. The non-market value consists of 
a user component and a non-user component. 
The user component results from the use of 
the content. The non-user component relates 
to the legacy for other generations and the 
awareness of the existence of such a space.

As recreational and green areas are not 
traded on the market, it is possible to use 
non-market valuation methods for their valu-
ation (Logar, I. 2019). Non-market valuation 
methods are based on individual perceptions 
and include revealed preference and stated 
preference methods. Revealed preference 
methods determine utility values and reveal 
the individual preferences of individuals by 
observing their actual market behaviour. The 
hedonic price method belongs to this group 
of methods. The hedonic price method (he-
donic price model) is based on the assump-
tion that goods and services from the envi-
ronment influence market prices. It follows 
that the price of a market good (e.g. a prop-
erty) is related to its characteristics, but also 
to the characteristics of the environment. It 
is often used when assessing the impact of 
public goods on real estate prices.
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The aim of this thesis is to investigate the 
impact of green and recreational areas in the 
city of Zagreb (settlement) on the prices of 
apartments in residential buildings. There 
are two hypotheses of the study are. First, 
green and recreational areas influence on the 
higher price of real estate in Zagreb. Second, 
there are spatial differences in the impact of 
individual green and recreational areas in the 
city of Zagreb on real estate prices.

Literature preview

An overview of previous research shows that 
the topic of the influence of green and rec-
reational areas on the price of real estate has 
become more frequent in the last thirty years. 
The papers analysed show studies conducted in 
cities in Europe, the USA, Turkey, China, Indo-
nesia and Malaysia. The studies differ accord-
ing to the type of green areas. Some authors 
included all green areas in the city in the analy-
sis (Jim, C.Y. and Chen, W.Y. 2006; Conway, 
D. et al. 2010; Liebelt, V. et al. 2017, 2018, 2019; 
Nur Syafiqah, A.S. et al. 2018; Czembrowski, 
P. et al. 2019; Daamsa, M.N. et al. 2019). Other 
authors differentiated the green areas and ana-
lysed them individually according to their type. 
Green areas predominate in the analyses, while 
recreational areas are less well represented. 
Most authors are of the opinion that recreation 
is one of the functions of green areas.

In terms of property types, apartments 
predominate over houses. Of all the studies 
examined, mainly sold or for-sale properties 
were analysed, only Liebelt, V. et al. (2017, 
2018, 2019) examined rental properties. Most 
of the studies analysed the property prices 
achieved, while only Herath, S. et al. (2015), 
Bonetti, F. et al. (2016), and Liebelt, V. et al. 
(2017, 2018) examined advertised prices.

The research also differs in terms of the en-
vironmental variables examined. The envi-
ronmental variables depend on the assump-
tions of the research, the availability of data 
and the characteristics of the area studied. 
The most common is the distance from green 
and recreational areas.

Some authors used GIS to prepare vari-
ables and process data (e.g. Lindsey, G. et al. 
2004; Kong, F. et al. 2007; Poudyal, N.C. et al. 
2009; Panduro, T.E. and Veie, K.L. 2013; Wu, 
J. et al. 2015; Franco, S.F. and Macdonald, 
J.L. 2018; Heymana, A.V. and Sommervollb, 
D.E. 2019). In some studies, the GIS was 
used to collect data in the form of a survey 
(Czembrowski, P. et al. 2016; Daamsa, M.N. 
et al. 2019).

In most studies, the results showed a posi-
tive influence of green areas on real estate 
prices, i.e. an increase in real estate prices 
with proximity to green areas. Tyrväinen, L. 
and Miettinen, A. (2000) report results for the 
Solo district in Finland, according to which 
increasing the distance of apartments to a 
park by 1 km reduces the price of real estate 
by an average of 5.9 percent and apartments 
with a view are on average 4.9 percent more 
expensive. Studies by other authors show that 
green and recreational areas increase the price 
of real estate (Tyrväinen, L. 1997; Morancho, 
A.B. 2003; Conway, D. et al. 2010; Bark, R.H. 
et al. 2011; Kolbe, J. and Wüstemann, H. 2014; 
Norzailawati, M.N. et al. 2015; Trojanek, R. 
2016; Harnik, P. et al. 2017; Trojanek, R. et al. 
2018; Liebelt, V. et al. 2019).

In some studies, the results showed the 
opposite effect of green areas. Liebelt, V.  
et al. (2019) found that in the vicinity of large 
green areas, the price of real estate increases 
with the distance to them, citing overcrowd-
ing, noise and a large number of cars as rea-
sons for this. Czembrowski, P. et al. (2019) 
state that not all characteristics of green areas 
are desired by buyers in Stockholm. There 
are many high-quality green areas in upscale 
neighbourhoods, which should be a reason 
to invest in green areas elsewhere. Bonetti, 
F. et al. (2016) find that proximity to a natural 
watercourse is a negative factor for the price 
and lowers it, while proximity to a built ca-
nal is a positive factor and increases it. Bark, 
R.H. et al. (2011) state that the value of houses 
decreases when they are next to or near a 
park, as parks are large, noisy, crowded and 
less safe, and also have questionable mainte-
nance that leads to the death and drying out 
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of vegetation. Hu, S. et al. (2016) found that 
larger lakes in Wuhan lower house prices in 
their vicinity due to clutter, while smaller 
lakes increase house prices.

In the context of customer preferences 
for green areas, research has shown that 
in addition to distance to green spaces, 
multi-functionality (Czembrowski, P. et al. 
2019), a certain type and size of green areas 
(Melichar, J. and Kaprová, K. 2013) and the 
extent of overall greening (Franco, S.F. and 
Macdonald, J.L. 2018) also play a role. The 
social aspect of this topic includes the im-
pact of real estate values on the local popu-
lation. The process of green gentrification is 
explained in the urban literature. Green gen-
trification is a process in which the removal 
of pollution or the provision of green ameni-
ties increases local property values and at-
tracts more affluent residents to a previously 
polluted or disenfranchised neighbourhood 
(Dooling, S. 2009). As a result of policies 
to improve the characteristics of green and 
recreational areas in deprived neighbour-
hoods, the “green space paradox” emerges 
(Wolch, J.R. et al. 2014; Anguelovski, I. et al. 
2022). Urban strategies to restore degraded 
urban environments, create green spaces or 
deploy climate-adapted green infrastructure 
improve the attractiveness of an area. At the 
same time, they lead to higher housing prices 
and the physical displacement of working 
class residents and racialized groups and cul-
tures. This is the factor behind green gentri-
fication. 

Environmental injustice appears when not 
all city dwellers have equal access to green 
and recreational areas. Disadvantaged resi-
dents living close to green spaces not only 
have less access to green areas, but are also 
characterized by a shorter length of stay and 
may end up being “trapped” far from green 
areas (Łaszkiewicz, E. et al. 2018). 

Methodology

The hedonic pricing model is one of the 
methods used to determine customer prefer-

ences. The data is analysed using multiple re-
gression analysis, which measures the influ-
ence of individual variables on the price of a 
property (Logar, I. 2019). The hedonic model 
contains three groups of variables: structural, 
neighbourhood and environmental variables. 
Structural variables show the characteristics 
of the property. The neighbourhood vari-
ables determine the location of the property 
in relation to other elements in the space. The 
environmental variables show the location 
of the property in relation to the green and 
recreational area. They show how much us-
ers are willing to pay for the environmental 
benefits they receive. Some authors have also 
included the socio-economic characteristics 
of the area in the model (Liebelt, V. et al. 
2018; Panduro, T.E. et al. 2018). The variables 
are selected by the author depending on the 
research assumptions, data availability and 
other conditions.

The hedonic model can be global and lo-
cal. The global hedonic model processes the 
data using the least squares method and pro-
vides unique coefficients for the entire study 
area, ignoring the specific characteristics of 
the individual parts of the study area. This 
is the main disadvantage of this method. 
The local hedonic model provides the geo-
graphical variation of the coefficients for each 
independent variable. This is a geographi-
cally weighted regression (GWR) that uses 
the coordinates of each sample point and 
includes the characteristics of neighbouring 
observations in the analysis. The geographi-
cally weighted regression equation is:

where yi is the real estate price and represents 
the dependent variable, β0 is the independ-
ent coefficient that is estimated, k is sumation 
index, p is the number of independent vari-
ables in regression and the highest value of 
k, ui and vi are the geographic coordinates,  
βk are the coefficients of the independent 
variables, xki is the kth independent variable 
at location i, and εi is the standard error.
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Study area

The study covers the area of the city of 
Zagreb as a settlement with an area of 304 
km2. According to the 2021 census, Zagreb 
has 663,592 inhabitants. Zagreb is the larg-
est urban centre in Croatia with various at-
tractive factors for migration to the city and 
change of residence within the city. The city 
is of great importance for all aspects of life in 
Croatia, including leisure activities. Zagreb 
was selected due to the availability and vol-
ume of data, as it represents the largest and 
most dynamic real estate market in Croatia. 

Zagreb was established at the foot of 
Medvednica Hill, where the old city centre 
is located. With urban development from 
the 19th century to the present day, the city 
spread southwards across the Sava river. 
The development and expansion of the city 
of Zagreb to the east and west is due to the 
extension of the Medvednica in a southwest-
northeast direction. The expansion to the 
north was limited by the Medvednica, which 
is covered by forest and protected by the sta-
tus of a nature park. In the general city plan, 
forests occupy the largest area in Zagreb 
(more than 25%). Forest areas also extend 
along the foothills of the Medvednica and 
are used as public green areas (about 7% of 
the city area). A large area is also occupied by 
agricultural land, more than 23 percent. They 
are mainly located on the south-eastern and 
south-western outskirts of the city and on 
the foothills of the Medvednica. Residential 
areas cover about 18 percent of the city of 
Zagreb. The highest building density and 
the largest number of residential areas can 
be observed in the wider centre of the city 
(districts of Gornji grad-Medveščak, Donji 
grad, Trnje, Trešnjevka-north) (Figure 1).

The subject of interest are the green and rec-
reational areas in Zagreb. The most important 
recreational areas in the city of Zagreb are 
the Recreational Sports Center (RSC) Jarun, 
the Sports Recreational Center (SRC) Bundek 
and the Sava dam. Green areas in the city of 
Zagreb are attractive for recreation, such as 
forests and parks. The planning document 

of the General Urban Plan of Zagreb distin-
guishes between urban park forests and park  
forestst (Generalni urbanistički plan 2016, 
Articles 54 and 92). The spatial data on the 
location of the forests was provided by the 
City Office for Economy, Environmental 
Sustainability and Strategic Planning in dwg 
format. Maksimir Park was included separately 
in the analysis, as well as other larger parks 
in the wider centre of Zagreb. The parks were 
digitized in GIS by the authors.

Data

The information about real estate was pro-
vided by the online classifieds Njuškalo.hr. 
The advertisements refer to 15 March 2023. 
The data were collected for apartments in a 
residential building for which precise loca-
tion information is available (geographical 
coordinates available). The dependent vari-
able in the hedonic model is the asking price 
of the property per square metre.

The independent variables are divided into 
three groups: structural variables (S), neigh-
bourhood (N), and environmental variables 
(E). Due to the lack of data, the following 
characteristics were included: the area of the 
apartment in square metres, the number of 
rooms in the apartment and the floor on which 
the apartment is located. These are structural 
independent variables. A total of 2314 apart-
ments were included in the analysis.

The neighbourhood variables were deter-
mined with the help of GIS tools (Table 1). For 
this purpose, spatial data were collected on 
the locations of public sports fields (e.g. chil-
dren’s playground, basketball courts, sports 
fields), sports facilities (e.g. swimming pool, 
stadium, tennis court), cultural facilities (e.g. 
museums, cinemas, libraries), kindergartens, 
elementary school, secondary schools, higher 
education facilities, health centers, hospi-
tals, public garages, bus, streetcar and train 
stops (GeoHub ZaGreb 2023). The locations 
of shopping centers and streetcar hubs were 
digitized by the author on the basis of loca-
tion data and a cartographic background. 
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Spatial data on industrial areas, the bounda-
ries of the urban area of Zagreb and streetcar 
and railroad lines were downloaded from the 
Geofabrik service (2023) (Geofabrik.de).

Environmental variables are: distance of 
apartments from the nearest forest (park for-
est and urban park forest), distance from RSC 
Jarun, distance from SRC Bundek, distance 
from the Sava dam, distance from Maksimir 
Park and distance from nearest park in the city 
centre. All distances are in metres. The data was 
prepared and processed in ArcGIS Pro 3.1.0.

Local hedonic model

Using the defined variables, a local hedonic 
model was created in the form of a geograph-

ically weighted regression. It was assumed 
that green and recreational areas have an in-
fluence on the higher prices of real estate in 
Zagreb and that there are spatial differences 
in the influence of individual green and rec-
reational areas in the city of Zagreb on the 
price of real estate.

The problem of autocorrelation or mu-
tual correlation of two independent vari-
ables in the regression was eliminated with 
the Pearson correlation coefficient (r). If 
the Pearson-coefficient r > 0.7, the variable 
is removed from the model due to corre-
lation with another independent variable 
(Oliveira, S. et al. 2014) (see Table 1). If possi-
ble, highly correlated independent variables 
should be avoided, but in many cases this 
choice does not exist (Newbold, P. 2010), for 

Table 1. Variables of the hedonic model

Variables Variable 
category Variable explanation Expected

sign
Dependent variable

price_m2 – Advertised price of the apartment in m2 +
Independent variables*

area
rooms**
floor

Structural
(S)

Apartment area in m2

Number of rooms
The floor where the apartment is located

-
-
+

dist_centar**
dist_public
dist_stat
dist_kinder
dist_elem
num_high**
num_fax
dist_shop
dist_ind
dist_health
dist_hosp
num_kult
num_sportobj
num_sportigr
dist_gara**
dist_otp**

Neighbourhood
(N)

Distance from the city centre (Bana Josip Jelačić square)
Distance from the nearest public transport station
Distance from the nearest station or tram interchange
Distance from the nearest kindergarten
Distance from the nearest primary school
Number of secondary schools within a radius of 500 m
Number of higher education institutions within 500 m
Distance from the nearest shopping center
Distance from the nearest industrial area
Distance from the nearest health center
Distance from the nearest hospital
Number of cultural institutions within 500 m
Number of sports facilities within 500m
Number of sports fields within a radius of 500 m
Distance from the nearest public garage
Distance from the landfill

-
-
-
-
-
+
+
-
+
-
-
+
+
+
-
+

dist_zona
dist_forest
dist_jarun
dist_bundek
dist_bank 
dist_maksimir
dist_park

Environmental
(E)

Distance from the nearest green or recreation area
Distance from the forest
Distance from RSC Jarun
Distance from SRC Bundek
Distance from the Sava embankment
Distance from Maksimir Park
Distance from the nearest park

-
-
-
-
-
-
-

*The unit of measurement for distance is the metre. ** Variables were omitted due to autocorrelation. 
Source: Authors’ own elaboration.
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example when mutually correlated variables 
are of great interest for research. Since the 
environmental variables are of interest, none 
of the highly correlated variables were omit-
ted. Due to the use of georeferenced data, 
only the results of the local hedonic model 
are presented in this paper.

The geographically weighted regression 
was performed with 120 neighbours. The 
Gaussian weighting method was used, ac-
cording to which the weight decreases ex-
ponentially the further the point is from the 
observed point.

Results

The spatial autocorrelation in the local 
hedonic model was tested with the Mo-
ran I index, which is 0.185698 (p-value = 

0.00000, z-score = 12.780390) and shows 
a statistically significant clustering of the 
analysis results. The coefficient of determi-
nation is R2 = 0.4090 and the adjusted coef-
ficient of determination is adj. R2 = 0.3616  
(Table 2). There are differences in the coefficient 
of determination between the apartments  
(Figure 2). The highest coefficients of deter-
mination are observed west of Maksimir 
Park and in the western part of Novi Zagreb  
(Kajzerica). The lowest coefficient of determi-
nation is observed in the wider surroundings 
of the city centre (Donji grad, Trnje).

The statistical significance of the model 
was tested at the 10 percent level (p-value < 
0.1, t-value > 1.660). Since the attractiveness 
of certain factors in space is determined by 
their proximity (distance) to the apartment, 
a geographically weighted regression was 
used to account for apartments that are up to 

Table 2. Local (GWR) model coefficients

Variables
Coefficients

min mean max
Intercept -36,531.74 -1808.923 18,759.15

Structural variables (S)
area
floor

-7.01288
-7.27306

-3.596185
54.1917

-0.424051
221.9165

Neighbourhood variables (N)
dist_public
dist_kinder
dist_elem
num_fax
dist_shop
dist_ind
dist_health
dist_hosp
num_kult
num_sportobj
num_sportigr

-0.490508
-0.91591

-2.562863
-1404.26

-1,533588
-1.073735
-1.153004
-0.606382
-111.232

-114.2322
-277.8436

1.27809
0.558948

-0.014774
6.95362

-0,084314
0.209952
0.250067
0.154938
7.15274

-11.7921
-3.03338

4.15467
2.48765

3.054714
206.193

0,841975
2.349503
2.759074
2.718514
176.7045
173.7824

558.92
Environmental variables (E)

dist_zona
dist_forest
dist_jarun
dist_bundek
dist_bank
dist_maksimir
dist_park

-5.15309
-3.542074
-2.05610

-14.39090
-14.45573
-2.89827
-4.37027

0.079955
0.075858
0.972864
0.983093

-1.035173
0.507891

-0.664219

3.65268
5.27866
8.43639

12.36982
17.62028
5.95143
0.91697

N
R2

Adjusted R2

2314
0.4090
0.3616

Source: Authors’ own elaboration.
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2000 m away from a green or recreational area 
(Table 3). The distance given is the upper limit 
for a walk (about 25 minutes). Some studies 
have shown that the influence of the observed 
environmental elements on the property price 
extends up to a maximum distance of 2000 m 
(Melichar, J. and Kaprová, K. 2013), in some 
cases also over a shorter distance (Tyrväinen, 
L. and Miettinen, A. 2000; Biao, Z. et al. 2012; 
Daamsa, M.N. et al. 2019).

Although the neighbourhood variables 
are not the direct object of interest of this re-
search, they should be briefly commented on. 
According to their mean values of the coef-
ficients, four variables increase the value of 
real estate with their attractiveness (when all 
other variables in the regression are constant) 
(see Table 2). These are the distance from the 
elementary school, the distance from the 
shopping center, the number of higher edu-
cation institutions and the number of cultural 
institutions within 500m of the apartment. 

The average of the coefficients shows a high 
value for the variables number of higher edu-
cation and cultural institutions. The proxim-
ity of the shopping center is an attractive fac-
tor despite the crowds, noise and large built-
up areas (buildings, parking lots, roads).

Other neighbourhood variables show 
unattractive factors for housing. Increasing 
the distance from health institutions (health 
center, hospital) increases the price of real 
estate, which is contrary to expectations. The 
same was expected for the variables distance 
from the nearest public transport station and 
the nearest kindergarten. The coefficients of 
the variables number of sports facilities and 
number of sports fields within 500 m of the 
property show the opposite of what was ex-
pected. Increasing the number of such facili-
ties reduces the price of real estate. Possible 
causes are crowding and noise.

The results of the local hedonic model (GWR) 
show that there are large ranges of variation in 

Fig. 2. Coefficient of determination R2 in the local hedonic model. 1 = SRC Bundek, 2 = RSC Jarun. Urban 
park-forests: 3 = Čulinečina, 4 = Šestinski dol, 5 = Susedgrad, 6 = Lisičina, 15 = Mirogoj, 16 = Remetinski ka-
menjak, 17 = Granešina (Urban of Youth), 18 = Remete, 19 = Oporovec, 20 = Novoselčina, 21 = Miroševečina,  
22 = Dankovečina, 23 = Zamorski Breg, 24 = Dotršćina, 26 = Grmošćica. Park-forests: 7 = Zelengaj, 8 = Jelenovac, 
9 = Vrhovec, 10 = Tuškanac-Dubravkin put-Cmrok, 12 = Kraljevec, 13 = Pantovčak, 14 = Prekrižje. 11 = Maksimir 

Park, 25 = Sava dam. Source: Compiled by the authors.
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the coefficients of the individual environmental 
variables (see Table 2). These results should be 
viewed with caution as they include apartments 
for which a single environmental variable is not 
statistically significant. For this reason, we will 
not interpret them here. We will interpret the 
results for the apartments for which the envi-
ronmental variables are statistically significant 
(p < 0.1, t > 1.660) and which are located at a dis-
tance of up to 2000 m from the observed green 
or recreational area (see Table 3). 

The variable distance to the nearest green 
or recreational area (dist_zona) is statistically 
significant for 56 percent of the apartments. It 
has a negative sign for 51 percent of the apart-
ments, which means that proximity to this area 
increases the price of the apartment. Analogous 
to the coefficients, the value range of the price 
share associated with this variable ranges 
from -515 to 365 EUR/m2, with an average of  
8 EUR/m2 (see Table 3). The geographical distri-
bution of the coefficients (Figure 3) shows that 
the coefficients with a negative sign are concen-
trated in the western and south-western part of 
the city, while the coefficients with a positive 
sign predominate in the rest of the city, with 
the exception of the area around the forests of 
Mirogoj, Remetinski kamenjak and Remete.

Proximity to an urban park-forest or park-for-
est (dist_forest) has a statistically signifi-
cant effect on 46 percent of apartments up to  
2000 m away. The coefficients of the variables 
have a positive sign for most apartments (80%). 
According to the coefficients, the share of hous-
ing price attributable to proximity to the near-
est forest ranges between -354 and 528 EUR/m2, 
i.e., the extreme values, and the mean value is 
37 EUR/m2 (see Table 3). The coefficients with a 
negative sign (the variable increases the price 
of the apartment with decreasing distance from 
the forest) are located near the seven park-for-
ests in the area of the historic city centre (Park-
forests Zelengaj, Jelenovac, Vrhovec, Tuškanac-
Dubravkin put-Cmrok, Kraljevec, Pantovčak 
and Prekrižje) and two urban park-forests 
(Zamorski Breg, Šestinski dol). It can be seen 
that other forest areas lower the price of housing 
the closer they are to the forest (coefficients with 
a positive sign) (Figure 4).
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Fig. 3. Coefficients of the variable distance to the nearest green or recreational area. Numbers 1–25: see Fig. 2. 
Source: Compiled by the authors.

Fig. 4. Coefficients of the variable distance to the nearest urban park-forest or park-forest. Numbers 1–25: see 
Fig. 2. Source: Compiled by the authors.
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The variable distance from RSC Jarun 
(dist_jarun) is statistically significant for  
53 percent of the apartments at a distance of 
up to 2000 m. Almost all dwellings have a 
negative sign (212 out of 213 apartments), 
indicating that the price of apartments un-
der the influence of Jarun increases when the 
apartment is closer to Jarun (Figure 5). The 
part of the apartment price that is close to the 
Jarun RSC averages 41 EUR/m2, with values 
ranging from -62 to 30 EUR/m2 (see Table 3). 
Given the relatively small range of coefficient 
values, Figure 5 shows that all apartments are 
in the same class. Jarun also affects the price 
of apartments south of the Sava.

The variable Distance from SRC Bundek 
has the lowest number of dwellings included 
in the analysis of all environmental variables, 
which is due to a lower number of advertise-
ments. The variable is statistically significant 
for 57 percent of the apartments (it has a posi-
tive sign for 44% of the statistically significant 
apartments, and a negative sign for 56%). The 
data show that proximity to the SRC Bundek 
influences the price of an apartment between 

-151 and 63 EUR/m2, but on average 23 EUR/
m2 (see Table 3). The geographical distribu-
tion of the coefficients of the variable distance 
from Bundek (see Figure 5) shows that the 
variable is not statistically significant for the 
majority of apartments south of Bundek and 
is statistically significant for a large propor-
tion of apartments north of Bundek, but also 
north of the Sava. A grouping of coefficients 
with a positive sign is observed in the west-
ern part of the observation area and with a 
negative sign in the eastern part of the obser-
vation area (Figure 6).

The distance variable from the bank of the 
Sava (dist_bank) has a statistically significant 
effect on the smallest proportion of apart-
ments in its vicinity, namely only 7 percent 
of them. In 92 percent of the apartments for 
which the variable is statistically significant, 
the coefficient of this variable has a positive 
sign. The share of the price of an apartment 
near the Sava embankment ranges from -43 
to 129 EUR/m2, with an average of 71 EUR/m2 
(see Table 3). The geographical distribution of 
apartments (Figure 7) observed by this vari-

Fig. 5. Coefficients of the distance variables from RSC Jarun. Numbers 1–25: see Fig. 2. Source: Compiled by the authors.
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Fig. 6. Coefficients of the distance variables from SRC Bundek. Numbers 1–25: see Fig. 2. 
Source: Compiled by the authors.

Fig. 7. Coefficients of the variable distance from the Sava dam. Numbers 1–25: see Fig. 2. 
Source: Compiled by the authors.



Turk Cerovečki, M. and Stiperski, Z. Hungarian Geographical Bulletin 73 (2024) (3) 249–268.262

able shows that the apartments for which the 
variable is statistically significant are located 
only in the Prisavlje area.

The variable distance to Maksimir Park 
(dist_maksimir) is statistically significant for 
51 percent of the apartments at a distance of 
up to 2000 m. The sign of the coefficients of 
the variable is positive for all apartments, 
which shows that Maksimir Park lowers the 
price of apartments in the immediate vicinity 
and increases the price the further away the 
apartments are. On average, the price of an 
apartment that is 100 m away from Maksimir 
Park is 62 EUR/m2 higher (see Table 3). The 
geographical distribution of apartments near 
Maksimir Park (Figure 8) shows that the vari-
able distance to the park is statistically sig-
nificant for apartments located west of the 
park. It can be seen that the coefficients of 
the variables are higher the further west the 
apartments are from Maksimir Park.

The variable for the distance to the near-
est park (dist_park) is statistically significant 
for 44 percent of the apartments. The sign 
is negative for most apartments (92% of the 
apartments for which the variable is statis-
tically significant). The share of the apart-
ment price resulting from the distance to 
the nearest park is on average 91 EUR/m2, 
which shows that the price of the apartment 
increases the closer the apartment is to the 
park. The value range of the share of the vari-
able in the apartment price ranges from 195 
to 91 EUR/m2 (see Table 3). The geographical 
distribution of the apartments shows that 
the parks have the greatest influence on the 
apartment price for the apartments closest 
to the parks. The coefficients are somewhat 
lower (closer to zero) for apartments that are 
slightly further away from parks (Figure 9).

Discussion

The aim of the work is to investigate the in-
fluence of green and recreational areas in the 
city of Zagreb on the price of apartments in 
residential buildings. The research method 
is the local hedonic model. The results of the 

hedonic model show that green and recrea-
tional areas influence the price of apartments. 
They are therefor among the preferences of 
buyers when choosing a place to live.

The local hedonic model, created by geo-
graphically weighted regression, provides 
regression coefficients for each individual 
apartment. The model created in this study 
has a higher coefficient of determination 
than global models. Similar to the work of 
Sander, H.A. and Zhao, C. (2015), this study 
also shows that the global hedonic model 
provides poorer results because it general-
izes. The local hedonic model differentiates 
the individual parts of the study area and 
therefore provides spatially clearer data. The 
coefficients of determination are spatially dif-
ferent, which indicates that a different part of 
the property price is explained by the vari-
ables of the model.

The direction of the influence (sign of the 
coefficient) of the green or recreational area 
on the price of the apartment is completely 
consistent for the variables distance from 
Jarun and distance from Maksimir Park. 

The proximity to Jarun is an attractive fac-
tor for an apartment. The residential district 
of Trešnjevka-South, which was built in the 
last thirty years, extends north of Jarun. The 
development of the area near Jarun was 
mainly stimulated by the development of 
Jarun into a recreational area for the needs of 
the Universiade in 1987 and the construction 
of a streetcar line. The results of this research 
point to an obvious green gentrification. It 
is necessary to examine the socio-economic 
characteristics of the residents of this area 
in order to speak with certainty about envi-
ronmental injustice and green gentrification.

For all apartments, the presence of 
Maksimir Park reduces the price of the apart-
ment the closer the apartment is to it. These 
results contradict expectations, and it is nec-
essary to find out more about this through 
further research. It can be assumed that the 
further one goes away from Maksimir Park, 
the closer one gets to the historical core, 
which means that the strict city centre and 
the main square are more attractive than 
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Fig. 9. Coefficients of the variable distance to the nearest park. Numbers 1–25: see Fig. 2. 
Source: Compiled by the authors.

Fig. 8. Coefficients of the variable distance to Maksimir Park. Numbers 1–25: see Fig. 2. 
Source: Compiled by the authors.
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the large green city park. Maksimir Park is 
a well-maintained and large park and offers 
numerous recreational activities and rest.

A greater difference in the proportion of 
apartments with a positive and a negative 
coefficient of a statistically significant varia-
ble can be observed for the variables distance 
to the nearest park, distance to the Sava dam 
and distance to the nearest forest area. The 
results show the attractiveness of the parks 
due to their layout and their location in the 
wider city centre. The parks are well main-
tained, have recreational facilities (benches, 
fountains, walkways), landscaped vegetation 
(trees, lawns suitable for picnics) and occa-
sionally host social events. Some of the parks 
are important tourist destinations in the city 
(Zrinjevac and Tomislavac parks). The parks 
in the city centre are small but important 
for the population, as they are located in a 
densely built-up part of the city where there 
are few green areas. Other green and recrea-
tional areas are located further away from the 
city centre. Regarding the availability of hous-
ing around the parks in the city centre, it can 
be said that it is not available for residents of 
lower socio-economic status. Due to the high 
building density, the proximity of parks is 
highly appreciated by the residents of Zagreb. 

The distance to the nearest urban forest 
lowers the price in 80 percent of the apart-
ments, the closer the apartment is to the ur-
ban forest. These results are contrary to ex-
pectations. The results of the local hedonic 
model suggest that forest areas are not an 
attractive factor for the location of the apart-
ment in the vast majority of cases. The rea-
son for this could be the poor organization 
of some of the observed forest areas (fewer 
recreational opportunities, lower diver-
sity of vegetation, poor maintenance, over-
grown vegetation), weaker promotion as a 
place for recreation and the proximity of the 
Medvednica Nature Park as a large forest 
area. Some of these reasons are mentioned 
by Bark, R.H. et al. (2011) and Hu, S. et al. 
(2016). Indeed, the proximity of Medvednica 
forest means a distance from the city centre, 
a certain peripheral location and a distance 

from numerous urban facilities, and the for-
est itself offers recreational opportunities 
only in two places of the long forest front 
of over 25 km. Investing in and promoting 
urban forests as places for recreation can in-
crease their attractiveness, which could lead 
to the “urban green paradox”. For the popu-
lation with a lower socio-economic status, 
housing near forests is not available due to 
the increase in property values.

Looking at the variable of distance from 
the bank of the Sava river, the least number 
of apartments is included. Most of the apart-
ments have a positive sign for the coefficient. 
According to these results, the Sava embank-
ment lowers the price of apartments the closer 
they are to it. We can only speculate about the 
cause. Perhaps the cause is the extremely elon-
gated shape of the area or the unattractiveness 
of the watercourse, as in the work of Bonetti, 
F. et al. (2016). On the embankment along the 
Sava river from SRC Jarun in the west to the 
Bridge of Youth and RSC Bundek in the east, 
there are well-maintained paths for recreation 
(walking, running, cycling, etc.) and places 
to rest. Numerous other recreational facilities 
have been established along the embankment. 
Our results suggest that the Sava dam is also 
accessible to residents of lower socio-econom-
ic status, as it does not increase the price of 
housing due to its proximity.

If we look at the nearest green or recreation-
al areas and the Bundek, we can see a double 
effect on the price of housing in their vicin-
ity. They increase the price of one part of the 
apartments, while they decrease the price of 
the other part because they are closer to them. 

According to the local hedonic model, the 
most attractive factors when choosing a place 
to live are the RSC Jarun and the parks in the 
city centre. It is important to note that the 
urban forest parks and the forest parks, the 
Maksimir Park, and the banks of the Sava are 
not preferred when choosing a place to live. 
Bundek is partly a preference and partly not. 

The results of this study can contribute to 
the study of green gentrification in Zagreb, 
but further research is needed that also takes 
into account socio-economic indicators and 



265Turk Cerovečki, M. and Stiperski, Z. Hungarian Geographical Bulletin 73 (2024) (3) 249–268.

other changes in the region. It needs to be 
clarified whether there is green gentrification 
in Zagreb and what impact other changes in 
the region have on gentrification in relation 
to green areas.

Conclusions

This article investigated the influence of 
green and recreational areas on the price of 
housing and provides indirect information on 
preferences in the choice of residential loca-
tion. The results are largely consistent with 
previous studies. Green and recreational ar-
eas can drive up the price of housing, but also 
the price of housing in their vicinity. Some ar-
eas have no influence on the price of housing. 

The first hypothesis can be partially ac-
cepted. Green and recreational areas have 
an influence on the higher price of real es-
tate in some parts of Zagreb. Heterogeneity 
was found in the type of influence (sign and 
size of the coefficients of the hedonic model) 
of the observed green and recreational areas 
on real estate prices. In addition, spatial dif-
ferences were found in the way the observed 
areas influence house prices. Some areas in-
crease the price of some apartments in their 
neighbourhood, while the price of some 
other apartments decreases. The second hy-
pothesis can be accepted. There are spatial 
differences in the impact of individual green 
and recreational areas in the city of Zagreb 
on real estate prices.

Some limitations were identified during 
the preparation and execution of the study. 
It is necessary to include in the models some 
other variables describing the characteristics 
of the area (distance from roads, distance 
from the Medvednica Nature Park, topogra-
phy, characteristics of the neighbourhood). 

The uniqueness of the study lies in the fact 
that it is the first study on the influence of 
green and recreational areas on housing pric-
es in Zagreb, which indicates the importance 
of the results obtained and the possibility of 
their application. The results can be used for 
decision-making in the management of green 

and recreational areas in Zagreb as well as 
for real estate brokerage. Another special fea-
ture of this work compared to similar works 
is the use of a geographic information system 
(GIS) in the preparation and processing of 
the data.

Further research will focus on the influence 
of green and recreational areas on real estate 
prices. It will also include the socio-economic 
characteristics of the population and their de-
sire to change residence. Future research will 
contribute to gaining new insights into green 
gentrification.
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