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A R T I C L E  I N F O   

Keywords: 
Patterns of spatial transformation 
Postsocialist city 
Indicators 
National urban system 
Serbia 

A B S T R A C T   

This research examines the spatial transformations of postsocialist cities in the context of the polarized national 
urban system. Focusing on two different periods (1990–2000 and 2000–2014/2015), we study the patterns of 
spatial changes in 15 selected cities in Serbia in terms of urban sprawl, densification, and urban shrinkage. Using 
an open-source database, we analyze the relationship between the built-up area, population, and urban density to 
identify the types and trajectories of spatial transformations. Our results show that urban sprawl characterizes 
cities with growing/stable populations and those with declining populations but with different scales and dy
namics over time. Despite the distinct trend of population decline, no cities were marked by compact shrinkage. 
Nevertheless, we identify a significant decrease in the annual change rates of the built-up area throughout the 
latter period in all cities, indicating a possible future decline in inefficient outward expansion. We also observed 
that this period gave rise to the imbalance between the pace of spatial growth of large cities and medium-sized 
cities. The obtained spatial patterns fit into the framework of Serbia's asymmetric urban system, with sprawl 
shrinkage as dominant phenomenon in urban centres ranking lower in the urban system hierarchy and less 
frequent sprawl growth in major urban centres. Our research results could ignite a process of redefining urban 
and land policies towards more efficient land use.   

1. Introduction 

A profound discussion about cities in the former socialist states of 
Central and South-Eastern Europe, commonly referred to as “post
socialist cities”, reveals the complexity of this phenomenon 
(Ferenčuhová & Gentile, 2016; Hirt, 2013; Hirt et al., 2016; Ilchenko & 
Dushkova, 2018). Numerous studies analyze the impact of natural and 
social or only social factors on the process of their spatial transformation 
(Garcia-Ayllon, 2018; Kovács, 2014; Malý et al., 2020; Mihaylov, 2020; 
Schmidt et al., 2015; Siedentop & Fina, 2012; Stanilov, 2007; Stanilov & 
Sÿkora, 2014a; Taubenböck et al., 2019). Special attention is paid to 
multiple transformation processes in capitals, which were the first to 
move “toward breaking out of the mold of the compact city form” 
(Stanilov & Sÿkora, 2014b, p. 274), e.g. Ljubljana (Svirčić Gotovac & 
Kerbler, 2019), Zagreb and Podgorica (Svirčić Gotovac, 2016a; Svirčić 
Gotovac & Zlatar, 2015), Belgrade and Sofia (Slaev et al., 2018; 
Vuksanović-Macura et al., 2018; Zeković et al., 2015), Bucharest (Ianoş 
et al., 2016; Nistor et al., 2021), Budapest (Kovács et al., 2019), Bra
tislava (Malý et al., 2020), and Tirana (Manahasa & Manahasa, 2022). 

The former industrial cities, transition losers (Miletić et al., 2009), 
where economic power and population declined during the transition 
(Jaroszewska, 2019; Jigoria-Oprea & Popa, 2017; Kazimierczak & 
Kosmowski, 2018) are also analyzed. Limited attention is paid to the 
transformation of medium- and small-sized cities (Batunova & Gunko, 
2018; Cercleux et al., 2019; Pirisi & Trócsányi, 2014; Siljanoska et al., 
2012; Wolff & Wiechmann, 2018), though they have a major role in the 
establishment of polycentric urban systems, and the relationship be
tween the development of the capital city and the cities lower in the 
hierarchy. 

This paper adds to the international perspective of discussions about 
the spatial aspects of the development of post-socialist cities by 
revealing distinct features of their spatial transformations in the context 
of an unevenly developed urban system. It compares and explains the 
dynamics and the process of spatial transformation in selected cities in 
Serbia, after the end of the socialist time, using spatio-temporal in
dicators. Serbia is selected as the study area because it is often omitted 
from wider comparative analyses of European countries/cities (Schmidt 
et al., 2015; Siedentop & Fina, 2012; Stanilov & Sÿkora, 2014a; 
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Taubenböck et al., 2019), or is mentioned as a peculiar example in 
discussions focusing on phenomena such as urban sprawl (Slaev et al., 
2018) or urban shrinkage (Mykhnenko & Turok, 2008; Stryjakiewicz, 
2022; Turok & Mykhnenko, 2007; Wolff & Wiechmann, 2018). 

Similarly to most postsocialist countries, Serbia's demographic 
development in the early 21st century is marked by depopulation (first 
registered in the 1991–2002 intercensus period, to become more 
intensive) and an accelerated population ageing, as a resultant of low of 
fertility levels, high mortality rates, and emigration (Kokotović Kanazir 
et al., 2017; Lukić, 2013; Marinković & Radivojević, 2016; Nikitović, 
2022; Penev, 2014; Penev & Predojević-Despić, 2019; Spasovski & 
Šantić, 2016). The total population enumerated in the latest Census in 
2022 is 6,647,003 (Statistical Office of the Republic of Serbia, 2023), 
indicating a decline of about 540,000 inhabitants compared to the 2011 
Census (SORS, 2014).1 

According to the 2011 Census, the urbanization degree in Serbia was 
about 60 % (SORS, 2014). Although the share of the urban population 
increases (Drobnjaković & Spalević, 2017; Tošić & Krunić, 2005), the 
share of cities with a declining population has been growing, as observed 
in other European postsocialist cities (Buček & Bleha, 2013; Eva et al., 
2021; Haase, Rink, & Grossmann, 2016; Jaroszewska & Stryjakiewicz, 
2020; Mykhnenko & Turok, 2008; Simeonova & Milkova, 2019; Turok & 
Mykhnenko, 2007). In Serbia, around three-quarters of urban settle
ments face depopulation of varying intensity. These are mainly located 
in the border areas or are remote from regional centres and main 
transport corridors (Djurkin et al., 2021). Larger urban centres are 
affected, too (Panić et al., 2022; Živanović et al., 2021). It is estimated 
that the negative demographic trends will continue and urban shrinking 
in Serbian cities is becoming a growing issue (Antonić & Djukić, 2018; 
Djurkin et al., 2021; Đukić et al., 2017; Macura, 2019; Živanović et al., 
2021). 

These demographic processes have resulted in an “imbalance in the 
spatial distribution of population i.e. spatial demographic inequality in 
the settlement system” (Lukić, 2013, p. 73). Belgrade dominates as the 
capital, together with several major urban centres, indicating that Ser
bia's urban system is unevenly developed (Drobnjaković & Spalević, 
2017; Tošić & Krunić, 2005; Živanović et al., 2019). Similarly to the 
neighbouring countries (Croatia and Montenegro), Serbia is facing the 
processes of centralization and hierarchization in urban systems, with 
the capital taking the lead (Svirčić Gotovac, 2016b). 

According to Li et al. (2022), city size is directly relevant for studying 
the land-use impacts of urbanization, and not its governmental functions 
or economic importance. However, in Serbia, population, functions and 
activities are concentrated in the capital and several major urban cen
tres, which fosters demographic polarization (Stojanović & Vojković, 
2005) and spatial (regional) disparities in terms of development levels 
(see Jakopin, 2014, 2018; Miljanović et al., 2010). 

The previous research on urban settlements in Serbia has mostly 
relied on quantitative indicators (demographic and economic), tracked 
over particular time periods within settlements' administrative bound
aries, an area larger than the city's urban area (e.g. Drobnjaković & 
Spalević, 2017; Kokotović Kanazir, 2016; Spasić et al., 2007; Stojanović 
& Vojković, 2005; Veljković et al., 1995; ̌Zivanović, 2015). These studies 
do not discuss the spatial dimensions of the transformation of cities' 
urban structure. Studies taking into account the spatio-temporal 
dimension of the transformation deal predominantly with the capital's 
urban area (Krunić et al., 2014; Slaev et al., 2018; Vuksanović-Macura 
et al., 2018; Zeković et al., 2015), leaving the issue of urban processes 
and changes in other cities in the country without answer. 

This study focuses on the changes in spatial patterns of the selected 

cities in Serbia in relation to national urban system features. Never
theless, the research presented in this paper does not intend to examine 
the driving forces that give rise to new spatial patterns of the cities but to 
understand relations between spatial reconfigurations of postsocialist 
cities and characteristics of the network of urban settlements. More 
specifically, by using spatio-temporal indicators, we aim to determine 
similarities and differences in the trajectories of spatial transformations 
over time, identify transformation types and differences among the 
trajectories. Spatial transformation is taken to mean outward expansion 
(suburbanisation and urban sprawl), inward expansion (densification), 
and urban shrinkage. Our research questions include the following: 
Which models of spatial development and transformation are present in 
Serbia in a situation marked by a constant nationwide population 
decline? What are the effects of the polarized network of urban settle
ments on spatio-temporal transformation of cities? Has the model of 
urban expansion involving suburbanization and urban sprawl become 
the hallmark of urban development in Serbia, or is it only typical of the 
capital and major urban agglomerations? 

2. Theoretical and empirical background 

Following the literature, the urban system represents one of the in
struments for achieving sustainable spatial and balanced regional 
development. Scholars have studied the spatial arrangement of urban 
systems from monocentric to polycentric (c.f. Bartosiewicz & Marcińc
zak, 2020). Many studies on urban systems attempted to discover and 
describe the patterns of selected characteristics of cities, such as their 
population size (Bretagnolle et al., 2000). However, the relationships 
between a national urban system and the spatial transformation patterns 
of the cities within it are often overlooked. Siedentop and Fina (2012), in 
a study of 26 European countries, assumed that spatial patterns of urban 
growth are related to established urban systems and regional disparities 
by highlighting differences in urban growth patterns between countries 
with asymmetric or polycentric urban systems. In this context, our 
research looks at changes in spatial patterns and reconfigurations in 
selected Serbian cities in relation to asymmetric national urban system. 

Compact and relatively dense urban forms marked former socialist- 
state cities (Kovács et al., 2019), distinguishing them from capitalist 
cities (Hirt, 2013). Researchers generally agree that the compactness of 
cities disappeared during the postsocialist transition (Manahasa & 
Manahasa, 2022; Stanilov & Sÿkora, 2014b; Sýkora & Bouzarovski, 
2012). Postsocialist urban restructuring has resulted in changed land use 
patterns, including a substantial increase in urbanized land and reduced 
urban density (Taubenböck et al., 2019). An extensive outward expan
sion (about inward and outward horizontal expansion patterns see 
Angel, Lamson-Hall, Blei, et al., 2021; Chakraborty et al., 2022; Xu et al., 
2020) that started in the 1990s brought postsocialist cities to new spatial 
deconcentration forms (Spórna & Krzysztofik, 2020), such as subur
banization (Sýkora & Stanilov, 2014) and urban sprawl. 

According to Slaev et al. (2018), suburbanization is “any growth of 
urbanized land and/or urban function into peripheral areas” (p. 1390). 
Spórna and Krzysztofik (2020) highlight non-residential suburbanisa
tion (or “postsocialist commercial decentralization”, Stanilov & Sÿkora, 
2014b, p. 270), associated with the dislocation of commercial functions, 
and residential suburbanisation, “coinciding with the spatial decon
centration of housing developments and changes in the number and 
density of the population” (p. 2). According to Svirčić Gotovac (2016b), 
during the transition period, intensive suburbanization of the sur
rounding area in postsocialist cities (particularly intensive around cap
itals), took an even more complex form. It was multidimensional 
housing, job and business suburbanization, as opposed to the previous 
period, when it was job-related. These processes have led to changes in 
the compact physical morphology of the former socialist cities (Sýkora & 
Bouzarovski, 2012), towards urban sprawl, an “unplanned and uneven 
pattern of urban development” (Oueslati et al., 2015, p. 1595), an 
irregular discontinuous urban form (Siedentop & Fina, 2012, p. 2768), 

1 Population size is provided for the territory of Serbia without Kosovo, since 
SORS does not have the population data. All references to Kosovo in this paper 
should be understood to be in the context of United Nations Security Council 
Resolution No. 1244 (1999). 
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an “inefficient utilization of land resources” (Oueslati et al., 2015, p. 
1595) by reducing population density (Chakraborty et al., 2022). The 
intensified commercial and residential suburbanization has caused 
changes in the population density curve in postsocialist metropolitan 
areas, which started to converge to western cities (Stanilov & Sÿkora, 
2014b). As an uncontrolled expansion, urban sprawl has numerous 
environmental negative effects (European Environment Agency & Fed
eral Office for the Environment, 2016; Johnson, 2001). 

Intensive postsocialist political, economic and social changes 
brought about and catalyzed another form of transformation – urban 
shrinkage manifested in a demographic and economic decline of cities 
(Döringer et al., 2020). Haase, Rink, and Grossmann (2016) see 
shrinkage as “a real challenge for a city, its inhabitants, and decision 
makers” (p. 305). Based on a literature review, Eva et al. (2021) have 
identified deindustrialization, suburbanization, second demographic 
transition and emigration, spatial peripheralization processes and pol
icies implemented at national and local levels as the causes of urban 
shrinkage in Central and East Europe (CEE). The authors highlight that 
some causes, like deindustrialization, birth rates, emigration and spatial 
polarization processes in CEE are more intensive in negative terms than 
in other parts of the European Union. Haase, Bernt, et al. (2016) confirm 
the close relationship between demographic and economic processes 
and their feedback effect on the structure of settlements, land use pat
terns, socio-demographic and socio-economic population structure. In 
Serbia, too, the process of urban shrinkage was accelerated by the 
spatial, demographic and socio-economic transformation (about dein
dustrialization see Hadžić & Zeković, 2019; Miletić, 2022) during of 
postsocialist transition (Djurkin et al., 2021; Živanović et al., 2021). 

The study of postsocialist urbanization patterns in CEE countries 
reveals another pattern of spatial reconfigurations – sprawl shrinkage, 
associated with the built-up area expansion despite declining pop
ulations (Schmidt et al., 2015). The built-up area expansion accompa
nied with a population decline leads to the paradox of “shrinking urban 
areas contributing to the dedensification process” (Wolff et al., 2018, p. 
11), which is “the worst possible form of urban sprawl” (Guastella et al., 
2019, p. 6). Sprawl shrinkage is associated with numerous negative side 
phenomena/processes, e.g. residential vacancy, increasing urban 
brownfield areas due to vacant industrial land, large-scale demolition, 
etc. (Reis et al., 2016), affecting the efficiency and functionality of cities 
infrastructure systems (Schmidt et al., 2015). Reis et al. (2016) argue 
that the physical patterns of shrinkage-sprawl are similar to those of 
sprawl growth, resulting in fragmented and low-density development. 

Spatial transformation of cities can be lighted from the perspective of 
various indicators, especially if there is no previous research on a 
particular area. Depending on research questions, authors apply simple 
and/or complex indicators to identify spatio-temporal phenomena (Reis 
et al., 2016). Studies using a universal methodology (with additional 
indicators, in some papers) for calculating the “ratio of land consump
tion rate to population growth” or “land use efficiency” (SDG indicator 
11.3.1) (UN-Habitat, 2018) stand out (e.g. Calka et al., 2022; Schiavina, 
Melchiorri, Freire, et al., 2022). 

We use urban (population) density as the basis for our analysis of the 
spatio-temporal patterns of urban transformations in selected cities in 
Serbia. There are multiple methods to measure urban density. For Angel, 
Lamson-Hall, and Blanco (2021) urban population density is “the ratio 
of the total number of inhabitants living within a well-defined footprint 
of a city and the total area of this footprint” (p. 265). Urban (population) 
density is also calculated as “the ratio of the total population of city and 
an urban extent of city” (Angel, Lamson-Hall, Blei, et al., 2021, p. 13), 
where the city's urban extent includes “both its built-up area and its 
urbanized open space” (p. 4); or as the ratio of the population and the 
residential area, defined as residential density (Kasanko et al., 2006; 
Wolff et al., 2018); or as the ratio of the total population and the total 
built-up area within urban extent (Angel et al., 2010; Chakraborty et al., 
2022; Schneider & Woodcock, 2008; Siedentop & Fina, 2012; Xu et al., 
2020). In this study, we use the term urban density (as explained in 

Section 3.4.3). 
Demographic changes and land use dynamics directly influence the 

temporal variation of urban density (Schmidt et al., 2015; Wolff et al., 
2018). Therefore, we analyze the functional relations between the dy
namics of urban population and the urban built-up area as the decisive 
parameters affecting the development trends and changes of urban 
patterns. This approach allows for tracing the patterns of urban trans
formations related to expansion, shrinkage or densification in the 
selected 15 cities in Serbia during the observed period. 

3. Study area, data and method 

3.1. Study area and selected cities 

Serbia is located in Southeast Europe, in the Balkan Penninsula; it 
covers an area of 88,449 km2 (SORS, 2021) (Fig. 1). The national set
tlements system is characterized by a large number of settlements (4709, 
without Kosovo), only 167 of which are urban settlements. In the group 
of urban settlements, the most numerous are small towns with <20,000 
inhabitants (127), followed by medium-sized towns (36) between 
20,000 and 100,000 inhabitants, and there are only four cities (Bel
grade, Kragujevac, Nǐs and Novi Sad) with >100,000 inhabitants (SORS, 
2014). In the formal status of the City, 28 urban settlements (without 
Kosovo) are classified, together with Belgrade, the capital city, which 
forms a distinct territorial unit (Zakon o teritorijalnoj organizaciji 

Fig. 1. Study area.  
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Republike Srbije, 129/2007, 18/2016, 47/2018, 9/2020). 
Our analysis covers 15 cities (Table 1) out of 28 classified as cities by 

the law. The criterions for selecting cities included a proportional rep
resentation of cities in the hierarchy of the national urban system and 
from all geographic regions, namely NUTS 2 regions (Uredba o 
nomenklaturi statističkih teritorijalnih jedinica, 109/2009, 46/2010), 
as well as the availability of reliable data for both built-up area and 
population over a long period. Therefore, analyzed cities differ by 
multiple characteristics such as population size, the geographical posi
tion, the spatial extent of urban area, land-use of the areas of controlled 
development as well as the natural environment, which are also 
considered in this study to identify similarities and differences in the 
spatio-temporal patterns of their transformation. 

Following the classifications from the previous research (Spasić 
et al., 2007), we identified the following categories of cities based on 
their population size: very large cities (> 1,000,000 inhabitants), large 
cities (between 100,000 and 1,000,000) and medium-sized cities (be
tween 20,000 and 100,000). Our sample includes the cities from these 
three categories. Small towns (up to 20,000 inhabitants) are not covered 
because they do not have the status of a city. Some cities belonging to 28 
cities are also excluded from the sample to balance geographic repre
sentation and representation in the urban system hierarchy. 

Serbia's current urban system is marked by asymmetry and inco
herence and is dominated by the capital, Belgrade, indicating that the 
urbanization process has not been controlled (Drobnjaković & Spalević, 
2017; Tošić & Krunić, 2005; Živanović et al., 2019). According to the 
2011 Census, Belgrade's population accounted for 16.23 % of the total 
population and 27.45 % of the urban population. The share of the urban 
population concentrated in three second-largest cities (Novi Sad, Nǐs, 
and Kragujevac) was 13.3 %. The degree of dominance of the capital city 

in the national urban system in terms of population is indicated by 
values of the urban primacy index (refers to the ratio of the population of 
Belgrade and Novi Sad, the second largest city), which ranged over and 
around 6 in the period 1948–2002 and slightly declined in 2011 to 5.03. 
(Živanović et al., 2019). Given the small number of large cities and the 
lack of cities between 300,000 and 1,000,000 inhabitants, scholars 
indicate an imbalance in the current scale of cities by population size, 
which is reflected in the hierarchical structure of centres in the national 
urban system. According to Dželebdžić and Jokić (2014), considering 
the size of the capital city (Rank-Size Rule), there should be 15 cities 
with >100,000 inhabitants, but now there are only four such cities. 
Krunić et al. (2022) especially highlight the insufficient number of cities 
above 500,000, which could mitigate Belgrade's negative polarizing 
effect and serve as the basis for establishing a polycentric urban system. 

The asymmetry within the urban system and uneven economic and 
demographic development in CEE countries and Serbia is a legacy of the 
centrally planned economy from the socialist era and state-led in
vestments in favour of the capital and some secondary cities (Sýkora & 
Stanilov, 2014; Taubenböck et al., 2019; Tošić & Krunić, 2005). In 
Serbia, the polarization gap further increased during the postsocialist 
transition (Djurkin et al., 2021). 

The hierarchy of urban centres and the rank of the analyzed cities 
according to the strategic planning documents of Serbia are shown in 
Table 2. Two spatial plans covered the analyzed period, one adopted in 
1996 (Zakon o Prostornom planu Republike Srbije, 13/96) and another 
in 2010 (Zakon o Prostornom planu Republike Srbije od 2010. do 2020. 
godine, 88/2010). The hierarchical structure of the urban centres is 
defined according to their size, the functional importance of urban 
centres (functional relationships between centres and their functional 
(urban) areas) and their level of significance in the settlements network. 

Table 1 
The features of the analyzed cities.  

Cities Population size/scale 
between 1991 and 
2011 

Position in the country 
(NUTS 2) 

Land use of buffer zone as 
defined in current GUP 

Natural environment / 
physical factors 

Spatial extent of the GUP area (ha); 
percentage of the city's administrative 
territory (%) 

Belgrade 
(BG) 

Very large Beogradski region [Belgrade 
Region] 

Agricultural and forest land Plain and undulating 
terrain 

77,862 
24.15 

Čačak 
(ČA) 

Medium Region Šumadije i Zapadne 
Srbije 
[Region of Šumadija and 
West Serbia] 

Agricultural and forest land Structural basin / hilly, 
highland and mountainous 
area 

4029 
6.33 

Kragujevac 
(KG) 

Large Region Šumadije i Zapadne 
Srbije 

Agricultural, water and forest 
land 

Structural basin / hilly area 7853 
33.08 

Kraljevo 
(KV) 

Medium Region Šumadije i Zapadne 
Srbije 

Agricultural land Structural basin / highland 7375 
4.82 

Kruševac 
(KŠ) 

Medium Region Šumadije i Zapadne 
Srbije 

Agricultural and forest land Structural basin / plan and 
mild slopes 

7538  
8.82 

Leskovac 
(LE) 

Medium Region Južne i Istočne Srbije 
[Region of South and East 
Serbia] 

Agricultural and forest land Plain / wide structural 
basin 

4115  
4.01 

Nǐs 
(NI) 

Large Region Južne i Istočne Srbije Agricultural land and undefined 
green spaces without a 
particular role 

Plain / wide structural 
basin 

26,678 
44.70 

Novi Pazar 
(NP) 

Medium Region Šumadije i Zapadne 
Srbije 

Agricultural and forest land Structural basin / 
Mountainous area 

3340 
4.50 

Novi Sad 
(NS) 

Large Region Vojvodine 
[Region of Vojvodina] 

Agricultural and forest land Plain 10,903 
15.52 

Požarevac 
(PO) 

Medium Region Južne i Istočne Srbije Agricultural land Plain 5474 
11.34 

Smederevo 
(SD) 

Medium Region Južne i Istočne Srbije Agricultural, water and forest 
land 

Plain 7219 
14.79  

Subotica 
(SU) 

Medium Region Vojvodine Not zoned land and water land Plain and a natural lake 8053 
8.00 

Valjevo 
(VA) 

Medium Region Šumadije i Zapadne 
Srbije 

Coincide of the boundaries of 
GUP and construction area 

Structural basin 2646 
2.90 

Vranje 
(VR) 

Medium Region Južne i Istočne Srbije Coincide of the boundaries of 
GUP and construction area 

Structural basin / 
Mountainous area 

2155 
2.51 

Zrenjanin 
(ZR) 

Medium Region Vojvodine Coincide of the boundaries of 
GUP and construction area 

Plain 4122 
3.11  
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Both plans aimed at mitigating disparities in the urban system devel
opment. Table 2 shows that three large cities, Beograd, Nǐs and Novi 
Sad, have continually been the top cities in Serbias's urban network 
hierarchy. The fourth large city, Kragujevac, has changed position, 
dropping from second to third rank category in second period. All 
studied medium-sized cities were distributed within the third category 
in the urban system hierarchies and did not change rank during observed 
period. 

3.2. Spatial unit for the analysis 

Unlike the studies where the extent of urban areas was taken from 
vector datasets, e.g. the Functional Urban Areas for urban centres 
(Schiavina, Melchiorri, Freire, et al., 2022) or the Urban Morphological 
Zone for urban areas (Slaev et al., 2018), or determined using special 
criteria and methods (Chakraborty et al., 2022; Schneider & Woodcock, 
2008; Siedentop & Fina, 2012; Wolff et al., 2018), we have adopted a 
different approach. 

Our research focuses on the cities' urban areas, within the boundaries 
determined by General Urban Plan (GUP), the extent of which usually 
correlates with the population size categories of the analyzed cities. We 
track changes at the level of the cities' urban areas to obtain a more 
realistic idea of the relationship between the demographic component 
and land use changes. The GUP area covers the built-up area, the ur
banized open space, and the un-built area. The built-up area contains 
residential, industrial and commercial zones, as well as roads, rail lines, 
rail yards, and airports. The urbanized open space contains public parks 
and urban greenery, private gardens, and cemeteries. The un-built areas 
include agricultural land, forests and green spaces, waterland, and 
vacant land for development control such as: not-allowed construction 
area (Deng et al., 2018), area protected from urban development (Wang 
et al., 2017), not zoned land or land not suitable for development 
(González Pérez, 2007). In other words, the GUP boundaries cover the 
urban population and the functional and physical areas of the city. We 
retained in the analysis the fixed value of spatial extent adopted from the 
current GUP, regardless of the increase in the GUP's spatial extent in 

most cities in the observed period. 

3.3. Data on the built-up area and population 

The selection of population and built-up land data source (multi- 
temporal data) is also very important. Authors rely on databases 
covering a longer period and offering a higher quality and reliability 
data. Research may be fully based on open data or, in case of population, 
may combine it with statistical census data (Kasanko et al., 2006; 
Schiavina, Melchiorri, Corbane, et al., 2022; Schneider & Woodcock, 
2008; Xu et al., 2020) or data from other sources. Recent studies mostly 
use freely available datasets (earth observation data). 

The main source of data for built-up area and urban population for 
our analysis is the Global Human Settlement Layer (GHSL) datasets: 
GHS-BU (Corbane et al., 2018) and GHS-POP (Schiavina et al., 2019), a 
global datasets containing information on built-up area and urban 
population data for 1975, 1990, 2000, 2014/2015 (widely used, e.g. 
Gerten et al., 2019; Gerten et al., 2022; Guastella et al., 2019; Li et al., 
2022, etc.). We assume that the one-year gap in data availability for the 
built-up area in 2014 and population in 2015 does not have a significant 
impact on further calculations. However, the main data used in the 
analysis are related to the period after 1990. The data for 1975 are 
considered analytically important in comparing the development paths 
of the specific values with a standardized starting point (Gerten et al., 
2022). 

The built-up area class is defined as the union of all spatial units 
containing a building or part of it (Pesaresi et al., 2016). In the analysis, 
we used the size of the population located in the territory covered by the 
GUP, drawing data from GHS-POP datasets (Schiavina et al., 2019). The 
cross-checking of the population size was done based on the GUP data 
provided for each city. 

3.4. Indicators 

3.4.1. Built-up area 
Kasanko et al. (2006) highlight that the ratio of the built-up and un- 

built areas reflects the city's character. The percentage of the built-up 
area in the studied cities is defined as Eq. (1): 

Percentage of Built − up area (t) =
Built − up area

GUP area
× 100 (1)  

where t is the time point corresponding to 1975, 1990, 2000, and 2014; 
Built-up area denotes the total built-up area at a distinct time point, and 
the GUP area is the entire urban area within the boundaries defined by 
the respective GUP. We also calculated the annual change rate of the 
built-up area, as described in Section 3.4.4. 

3.4.2. Population 
Based on a literature review, Dadashpoor and Malekzadeh (2020) 

point out that changes in population size are a major demographic factor 
affecting the formation and changes of spatial structures. To identify 
cities where the population grows, stagnates or declines, we analyzed 
the population dynamics within their urban areas in two periods be
tween 1990 and 2015, using data from 1975 as a standardized starting 
point (for calculating the change rate see Section 3.4.4). In addition, as 
the overall population in Serbia has declined since the 1990s, we used a 
three-level classification of the dynamics of population shrinkage to 
determinate the analyzed cities according to the incidence of population 
decline: continuous shrinkage, episodic (periodic/discontinued) 
shrinkage, and temporary/recent shrinkage – presented by Wolff and 
Wiechmann (2018). 

3.4.3. Urban density 
This study relies on the definition of urban density as the ratio of 

population and the built-up area in an observed territory (Angel, 

Table 2 
Summary of the urban system in Serbia and the rank of analyzed cities.  

Spatial Plan of the Republic of Serbia, 
1996a 

Spatial Plan of the Republic of Serbia, 
2010b 

Urban system 
hierarchy 

Rank of 
analyzed cities 

Urban system 
hierarchy 

Rank of 
analyzed cities 

Centre of State and 
international 
importance 

Belgrade (BG) Centre in European 
MEGA 3 category 
(Metropolitan 
Growth Area) 

Belgrade (BG) 

Macro-regional 
centres 

Kragujevac 
(KG) 
Nǐs (NI) 
Novi Sad (NS) 

Urban centres of 
international 
importance 

Nǐs (NI) 
Novi Sad (NS) 

Regional centres Čačak (ČA) 
Kraljevo (KV)  
Kruševac (KS)  
Leskovac (LE) 
Novi Pazar 
(NP) Požarevac 
(PO) 
Smederevo 
(SD) 
Subotica (SU)  
Valjevo (VA)  
Vranje (VR) 
Zrenjanin (ZR) 

Urban centres of 
national importance 

Čačak (ČA) 
Kragujevac 
(KG) 
Kraljevo (KV)  
Kruševac (KS)  
Leskovac (LE) 
Novi Pazar 
(NP) Požarevac 
(PO) 
Smederevo 
(SD) 
Subotica (SU)  
Valjevo (VA)  
Vranje (VR) 
Zrenjanin (ZR)  

a Zakon o Prostornom planu Republike Srbije, 13/96. 
b Zakon o Prostornom planu Republike Srbije od 2010. do 2020. godine, 88/ 

2010. 
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Lamson-Hall, Blei, et al., 2021; Xu et al., 2020). We used the total built- 
up area and urban population within the same urban extent, the city's 
area covered by the GUP, at a distinct time point. Using the Eq. (2), we 
calculated urban density for four different years (i.e. 1975, 1990, 2000, 
2014/2015) for all studied cities. 

Urban Density =
Urban population of a given time
Built − up area for the same time

(2)  

3.4.4. Annual change rate 
To enable a more detailed study of specific spatio-temporal patterns 

in individual cities, we calculated the annual change rate of the built-up 
area, population, and density for a specific period. Calculating the 
annual change rate converts a specific value into a standard metric and 
removes the size effect of the value to facilitate comparison across cities 
(Xu et al., 2020) and between periods of different length (Garcia-Ayllon, 
2018; Li et al., 2022), as defined in Eq. (3). 

Annual change rate =

(√

n
End year
Start year

–1

)

× 100% (3)  

where End year is the respective value at the final time point, Start year is 
the respective value at the initial time point, and n represents the time 
span of the whole period in years. We calculated the annual changes 
rates for all three values, the built-up area, population, and density, 
during three time periods, i.e. 1975–1990, 1990–2000, and 2000–2014/ 
2015 (Fig. 4). 

To facilitate interpretation, we set the same threshold for variables. 
Taking into account the population dynamics trend in Serbia, we applied 
the following threshold for all variables: for shrinking – loss more than 
-0.15 % p.a.; for stability – change between -0.15 and + 0.15 % p.a., and 
for growth – increase of >+0.15 % p.a. (c.f. Wolff & Wiechmann, 2018). 

To determine the variation among the cities in terms of the corre
lation between population and the built-up area during the studied 
period (at two time points – 2000 and 2014), we used the model pre
sented by Wolff et al. (2018) for operationalizing density changes under 
the different constellations of the development of population and built- 
up area, according to which the following density change trends can be 
observed depending on the population and built-up area trends (increase 

or decrease): sprawl growth, compact growth, sprawl shrinkage, reuse, 
underuse, and compact shrinkage. 

Furthermore, inspired by the built-up land change trajectories pre
sented by Li et al. (2022), we correlated changes in density and popu
lation for two time periods, 1990–2000 and 2000–2014/2015, using 
values from 1975 to 1990 as a standardized starting point. We then 
analyzed potential differences among the studied cities in terms of 
density and population changes for each period, which made it possible 
to identify the fluctuation of the cities among various types of density 
changes and trajectories of spatial transformations over different time 
periods. 

4. Results and discussion 

4.1. Spatial expansion 

It is assumed that the greater the share of the built-up area compared 
to the un-built land, the more compact the city's structure. According to 
Kasanko et al. (2006), in European cities since the 1990s, the share of the 
built-up area varied between 30 % and 40 %. Between 1990 and 2014, in 
the majority of the studied Serbian cities the share of the built-up land 
was below Europe's average (Fig. 2). In only five cities (ČA, VA, VR, ZR 
and NS), it was above or around Europe's average throughout the period. 
Interestingly, the share of the built-up land in Belgrade was still 20 %, 
although the highest absolute built-up area increase was observed in 
Belgrade, which, according to Slaev et al. (2018, p. 18), shows a “unique 
nature” of suburbanization and sprawl processes. 

The obtained values need to be related to the reference spatial 
coverage, which is in our case the territory covered by the GUP. This is 
best illustrated by the data for NI, which had the smallest share of built- 
up land (about 10 %), though it belonged to the category of large cities. 
The GUP area covered 44.70 % of the city's administrative territory and 
included a large undeveloped area (agricultural land and undefined 
green spaces) which was compared to the built-up area. Quite oppo
sitely, in cities with a large share of built-up land, the GUP coverage was 
<5 % of the city's administrative territory (e.g. VA, VR and ZR), or there 
was an overlap between the GUP boundaries and those of the con
struction area. Due to this, we used the annual built-up change rate (see 

Fig. 2. The share of the built-up land in the studied cities in different time periods.  
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Section 4.2). 
Built-up land usually expands at the expense of agricultural land 

(Kasanko et al., 2006). In Serbia, too, there is a practice of converting 
agricultural land into construction land (Veljković & Lekić, 2019), 
largely through spontaneous/unplanned development (Zeković et al., 
2015; Živanović Miljković et al., 2022; Živanović Miljković & Čolić, 
2020). The analysis of the buffer zone data from the GUPs (Table 1) 
shows that for most cities planning means to prevent uncontrolled 
development were available in the form of construction bans (agricul
tural or forest land). In contrast, in some cities, the GUP boundaries 
overlap with the construction area, which means that the former areas of 
controlled development are planned for conversion into construction 
land. The plan thereby supports sprawl, even in case of cities with 
constant population decline. This is contrary to the urban planning 
approach to protect land and prevent excessive outward expansion, 
while tending to densify the existing urban fabric by infilling (Angel, 
Lamson-Hall, Blei, et al., 2021; Chakraborty et al., 2022) and to establish 
a sustainable urban form, a compact city (Bibri et al., 2020; Xu et al., 
2020). The results of the study by Angel, Lamson-Hall, Blei, et al. (2021), 
who highlight the limited success of cities worldwide in accommodating 
population growth through densification, should also be taken into 
consideration. 

The natural environment in which urban centres took shape affected 
the expansion potential of cities, namely the quantity of newly added 
built-up land or the increase of built-up density due to physical barriers 
to expansion (Angel, Lamson-Hall, Blei, et al., 2021; Li et al., 2018). The 
impact of physical factors (plain, structural basin, hilly and mountainous 
area or natural lake – Table 1) is reflected in the built-up intensity in 
urban centres in Serbia, which are differently positioned in space 
(Krunić et al., 2022). 

4.2. Patterns of transformations 

Fig. 3 presents a summary graph with the average built-up area, 
population and density change rates for selected Serbian cities during 
two characteristic post-socialist periods, 1990–2000 and 2000–2014, 
with the 1975–1990 period as the reference starting point. For all cities 
together, we observed a slight decrease in the built-up area change rate 
while maintaining a positive growth rate during the entire period since 
built-up areas expanded continuously. At the same time, a significant 
decrease in the average population change rate is noticed over entire 
period, with a low positive growth rate in the early 1990s that continued 
to decline towards negative values by 2014 (from 0.16 to -0.69 % 
respectively). Although the average density change rate was negative in 
the 1990s (-1.04 %), our findings show that it remained constant until 
2014. 

In general, the trend here is decreasing in both the growth rate of the 

built-up area and the growth rate of population during entire period, 
with a more substantial population decline resulting in its negative 
growth rate after the early 1990s. Anyhow, we observed the stability of 
the average density change rate, suggesting that the pace of the decline 
of built-up area change rates determined the variants of urban density. 

A detailed insight into the patterns of spatial transformation of the 
individual cities is shown in the charts in Fig. 4. In cities with population 
growth, mainly the large cities ranking high in the urban system hier
archy, a positive effect of population on urban expansion was observed, 
where there was an “increasing urban land demand to support an 
increasing urban population” (Li et al., 2018, p. 70). In cities with 
population decline, mainly medium-sized and ranking lower in the 
urban system hierarchy, there was an “indication of urban sprawl” 
(Kasanko et al., 2006, p. 126) since physical expansion deviated from 
the rule according to which the built-up expansion of the city reflects 
“the demand for it by a certain number of people” (Wolff et al., 2017, p. 
2688). 

In most cities, both growing and shrinking, dedensification was 
observed and expected because in the former case, the build-up area 
expanded at a faster pace than the population, while in the latter, despite 
the population decline, the expansion of the build-up area continued. A 
distinction is observed between growing cities depending on values and 
the growth dynamics of both variables, i.e. whether the population ex
ceeds or not the spatial expansion. Namely, in cities with population 
growth rate exceeding built-up area growth rate (e.g. NP and NS) pos
itive density growth rate is observed during entire period. In other cases, 
in the first period, the stronger influence of demographic factors on 
density dynamics is observed, while in the second period, the trends in 
the built-up area changes had a more substantial influence. However, 
the annual density change rates indicate a tendency towards a compact 
development of the urban area, both in some growing and shrinking 
cities. 

4.2.1. The spatial and temporal variance of built-up area 
All studied cities show a positive built-up area growth rate during the 

observed period (Fig. 5). However, a significant drop of this indicator 
can be observed in all cities in 2000–2014, when the values were almost 
twice lower than in the first period. In 1990–2000, the built-up area 
change rates for most cities (12 out of 15) were above 1 % p.a., while in 
2000–2014, in only six cities the annual growth rate was still high, over 
0.70 %, indicating that urban expansion continued “although at a slower 
pace” (Kasanko et al., 2006, p. 117). The observed trend of continued 
expansion with a high built-up area growth rate in both periods applies 
to medium-sized and large cities, regardless of status within the urban 
system hierarchy. The only exception here is KG which dropped in urban 
scale ranking, while keeping a high build-up area growth rate in the first 
and second periods (1.37 and 0.73 %, respectively). 

Fig. 3. Average built-up area, population and density change rates for studied cities in different time periods.  
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Fig. 4. Spatio-temporal distribution of the built-up area, population and density change rates for 15 studied cities.  
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The high annual built-up area change rates in 1990–2000 reflect the 
specific circumstances for the development of the cities in Serbia, the 
complex socio-political and economic context (breakup of Yugoslavia, 
influx of refugees, transition from a planned to a market economy, pri
vatization, deindustrialization, etc.), as well as deeply rooted practices 
of illegal construction of family homes (low-density) in the periurban 
belt as a specific urban development model (Strategija održivog urbanog 
razvoja Republike Srbije do 2030. godine [hereinafter Strategy], 47/ 
2019). Widespread illegal construction in Serbia emerged with urbani
zation in the early 20th century (Vuksanović-Macura & Macura, 2018), 
to become especially intensive with accelerated industrialization since 
the 1960s, accompanied with a rapid growth of the urban population 
(Tošić & Krunić, 2005) and an increased housing demand coupled with 
an insufficiently efficient housing development model (Vilenica, 2017). 
Due to the lack of a realistic policy of construction land (Strategy, 47/ 
2019) and urban development policy (see Zeković & Maričić, 2016), 
illegal development became the dominant model of providing housing in 
the 1990s (Zegarac, 1999) and has remained an equally relevant parallel 
model during the period 2000–2015 (Zeković et al., 2020), causing 

numerous environmental problems (Miljanović et al., 2017). 
After 2000s the so-called second stage of multidimensional subur

banization has started (Svirčić Gotovac, 2016b). However, observed 
trend in decreasing annual built-up area change rate in 2000–2014 can 
be indirectly explained by the continuous population decline in urban 
areas (Table 3). The decline was the most prominent in LE and VA, 
where the annual built-up area change rate in 2000–2014 was three 
times lower than in the previous period, which corresponds to the 
decrease of the annual population change rate in the two cities in this 
period (cca. -2 % p.a.). Generally, medium-sized cities were more 
significantly affected by a decrease in spatial growth. Nevertheless, no 
significant regional patterns were observed in the changing rates of 
built-up areas among these cities. 

As expected, Belgrade had the highest built-up area change rate 
among large and the growing cities during both periods, which confirms 
the assumption (in agreement with Schneider & Woodcock, 2008) that 
new land added correlates to the initial spatial extent of the city. 
However, even there, the value of this indicator was halved after 2000. 
The demographic factor was dominant in the first phase, to lose in 

Fig. 5. GHS-BU imagery of 15 studied cities for built-up epoch up to 1990 and 1990–2014.  
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importance later (decrease in the annual population change rate from 
0.65 % to 0.16 % p.a.). 

The only exception in overall trend is NP (a medium-sized city), 
where the annual built-up area change rate decreased significantly in the 
2000–2014, while the population growth rates were high in both 
analyzed periods. The decrease can be explained by a topographical 
constraint (the city is located in a structural basin), which, according to 
Schneider and Woodcock (2008), has an impact on “the availability of 
land for development” (p. 686). 

4.2.2. The spatial and temporal population variance 
In contrast to built-up change rates that remained positive during 

entire period in all analyzed cites, the population change rates show a 
more heterogeneous pattern with positive, stable and negative changes 
(Table 3). Our results show that all cities in our research started with a 
positive annual population growth rates. Population decline (negative 
growth rates) was taking place in the urban areas of some cities since the 
1990s (Macura, 1991) (the beginning of the postsocialist period). It 
coincided with the overall population decline trend in Serbia (Kokotović 
Kanazir et al., 2017). However, negative change rate become dominant 
in the second period (2000–2015) with differences between the large 
and medium-sized cities. 

Following the typology of the population growth/loss dynamics 
defined by Wolff and Wiechmann (2018), in the case of Serbia, we 
observed that the most vulnerable were medium-sized cities (LE, SU, VA, 
VR, and ZR). They were marked by continuous shrinkage because they 
were losing population throughout the study period (1990–2015). 

In 2000–2015 other medium-sized urban centres (SD and PO) joined 
the group of shrinking cities, followed by these located along the 
development axis – the Zapadna Morava valley (KŠ–KR–ČA), as well as 
and KG, which belonged to the category of large cities. These cities were 
marked by periodic shrinkage (episodically shrinking cities), because in 
1990–2000 they had stable (SD, KŠ and ČA) or growing population rate 
(KG, KR and PO), while in 2000–2015, were marked by population 
decline. 

In terms of urban growth, the urban area of the capital (BG) stands 
out since its population grew during entire period, although at a 
significantly faster pace in the first period than in the second. The 
growth has also characterized other two large cities (NS and NI). 
Anyhow, while NS remained in the category of urban growth in both 
periods, NI had different demographic characteristics in the second 
period. In 1990–2000, NI was classified as a growing city (there was a 
population growth), whereas in 2000–2015, it was in the category of 
demographically stable cities. These three cities (BG, NS and NI) are 
located in the zone of Corridor X, an important international multi
modular traffic corridor, along Serbia's primary development axis 

(Danube-Morava development axis) and dominate in the urban system 
hierarchy. Among growing cities the exception is NP, the only medium- 
sized city that belonged to growing cities throughout the study period 
(1990–2015). Its population was growing at the same pace in both 
analyzed periods due to positive natural growth. 

The presented situation regarding the share of shrinking cities in
dicates that it is not a temporary phenomenon, as the situation in 
Romania was described by Eva et al. (2021), all the more the discussed 
settlements in Serbia have the formal status of a city. Wolff and 
Wiechmann (2018) have observed the presence of episodically shrinking 
cities in post-socialist countries, including Serbia. Antonić and Djukić 
(2018), who have drawn attention to the shrinking of illegal suburbs 
around three growing cities – especially in NS (26 %) and NI (22 %), but 
also in Belgrade's suburbs (9 %) – demonstrate that the situation is 
becoming more complicated. They believe that the analysis of stagnant 
suburbs would result in even more unfavourable findings and that the 
share of suburbs with demographic problems will increase. 

A comparison between the estimated expected population decline/ 
growth in the GUPs and the annual population change rates in our study 
shows that a realistic demographic perspective was taken into consid
erations in some GUPs only (e.g. for NS and SU). Unrealistic projections 
can be found among the cities affected by continuous shrinkage for 
which GUPs predicted population growth or stagnation (ZR and LE stand 
out, along with VA). Such projections indicate that the problem of urban 
shrinkage is not addressed appropriately, both by the authors of the 
GUPs and the local authorities adopting them; this is especially relevant 
for the cities' urban areas constantly affected by population decline. In 
addition, the issue of city shrinkage was not even mentioned in the 
national spatial planning documents (Živanović et al., 2021). Batunova 
and Gunko (2018, Russian cities) and Buček and Bleha (2013, Slovak 
cities) also recognise ignorance and underestimation of the urban 
shrinkage phenomenon in planning documents. 

4.3. Trajectories of transformation 

Based on different constellations of the population and built-up area 
changes (according to Wolff et al., 2018) at two time points, in 2000 and 
2014, we determined different types of density changes (Fig. 6). 

In 2000, almost half of the cities (BG, KG, KV, NI, NP, NS and PO) had 
a positive population growth trend along with the positive growth rate 
of the built-up area, and thus belonging to the compact growth or sprawl 
growth groups. The other half (ČA, KŠ, LE, SD, SU, VA, VR and ZR) were 
among the sprawl shrinkage cities, with a population declining or 
stagnating while the build-up area increased. At this time point, the 
phenomenon of compact/sprawl growth dominantly marked large cities 
ranking high in the urban system hierarchy. 

Table 3 
Population absolute changes and annual change rates of the analyzed cities.  

Cities Absolute population change Annual population change rate (%)a 

1975–1990 2000–1990 2015–2000 1975–1990 1990–2000 2000–2015 

Belgrade (BG) 376,946 83,572  21,287  2.43  0.65  0.16 
Čačak (ČA) 19,048 − 127  − 8099  1.77  − 0.02  − 1.03 
Kragujevac (KG) 37,484 4972  − 6273  1.97  0.33  − 0.42 
Kraljevo (KV) 24,034 3337  − 2138  2.53  0.43  − 0.27 
Kruševac (KŠ) 21,729 − 938  − 9318  1.85  − 0.10  − 1.09 
Leskovac (LE) 15,121 − 6504  − 14,898  1.30  − 0.78  − 2.05 
Nǐs (NI) 74,568 12,811  − 3089  2.54  0.53  − 0.12 
Novi Pazar (NP) 26,312 12,242  14,380  3.80  1.83  1.80 
Novi Sad (NS) 76,688 33,764  34,178  3.31  1.58  1.38 
Požarevac (PO) 10,969 845  − 2912  1.42  0.19  − 0.66 
Smederevo (SD) 18,533 142  − 7575  3.32  0.02  − 0.98 
Subotica (SU) 23,651 − 5926  − 17,870  1.76  − 0.50  − 1.66 
Valjevo (VA) 13,646 − 5125  − 12,159  1.45  − 0.71  − 1.91 
Vranje (VR) 13,386 − 2598  − 8811  1.36  − 0.41  − 1.53 
Zrenjanin (ZR) 18,128 − 6383  − 15,864  1.57  − 0.69  − 1.95  

a Threshold for population change: decline < − 0.15% p.a; stability (− 0.15 % to +0.15 % p.a); growth (> +0,15 % p.a). 
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In 2014, a “regrouping” was observed. The sprawl shrinkage group 
increased significantly to include twelve cities, while only three cities 
(NP, NS and BG) remained in the compact/sprawl growth group. No 
cities marked by compact shrinkage/underuse or reuse were observed 
among the analyzed cities in either of the two periods. Due to the 
continuous growth of built-up land, there were no situations when a 
decreasing/stable built-up expansion rate was coupled with a popula
tion increase or with a decreasing/stable population rate. 

Based on the correlation between density and population changes, it 
is possible to trace density change trajectories (inspired by Li et al., 
2022; see Section 3.4.4) for the analyzed cities in two time periods. 

In 1990–2000, five cities (BG, KG, KV, NI and PO) were affected by 
sprawl growth, i.e. population growth coupled with dedensification due 
to an intensive growth of the built-up land. Compact growth, as a 
resultant of a population growth that is more intensive than built-up 
expansion, was observed in only two cities (NP and NS). Three cities 
(ČA, KŠ and SD) were affected by sprawl shrinkage, i.e. sprawl without 
growth (Siedentop & Fina, 2012; Wolff et al., 2018), coupled with 
population stagnation and dedensification due to built-up expansion. 
The other five cities (LE, SU, VA, VR and ZR) faced shrinkage, due to 
simultaneous population decline and dedensification (significant pop
ulation decline coupled with built-up expansion). This observation 
shows that cities that were either large or ranked high within urban 
system hierarchy, were predominant marked by sprawl growth in this 
period. Two medium-sized cities also faced sprawl growth because of 
specific population dynamics, i.e. due to internal migrations in KV and 
positive natural growth in NP. 

In 2000–2014/2015, the variants of trajectories diversified and 
increased in the number, along with the fluctuation of the cities from 
one group to another. This is consistent with Wolff and Wiechmann's 
(2018) conclusion that “urban trends are hardly evolving in a linear way 
but rather fluctuate and show changes” (p. 123). In this period, only the 
largest city (BG) continued to develop in line with sprawl growth, as 
observed in urban centres throughout Europe (Schiavina, Melchiorri, 
Freire, et al., 2022), as its population continued to grow due to the influx 

of migration and the rates of built-up expansion exceeded population 
growth. Two large cities marked by sprawl growth in the previous 
period moved to sprawl shrinkage category (NI) and proportional 
growth (NS), the newly defined trajectory variant marked by a stag
nating density and population growth. Only one city (NP) maintained 
compact growth, where the population growth and built-up land trends 
still had the same direction, with a significantly slower built-up expan
sion. Densification there could be explained by the lack of available land 
for expansion because the city is in a structural basin. The remaining 11 
cities faced shrinkage, but, compared to the previous period, there were 
additional six cities in this group (ČA, KG, KV, KŠ, PO and SD), three of 
which (KG, KV and PO) had previously been marked by sprawl growth. 

The clustering of medium-sized cities around “unfavourable spatial 
patterns” in terms of land use and their “domination” in the second 
period are expected, bearing in mind that these cities faced continuous 
or periodic population decline, coupled with a continuous built-up 
expansion. In this period, the sprawl without growth and sprawl 
shrinking (“spatially dispersed pattern”, Siedentop & Fina, 2012, p. 
2776) also affected large cities. In Serbia, urban sprawl, both sprawl 
growth and sprawl without growth (sprawl shrinkage), is a result of 
uncontrolled development of cities, and especially their periurban or 
suburban belt. 

Our results regarding the decreased urban density in the selected 
cities in Serbia are in agreement with the findings of some studies in CEE 
countries (Schmidt et al., 2015; Taubenböck et al., 2019; Wolff et al., 
2018), although this trend is present worldwide (Angel et al., 2010; 
Gerten et al., 2019). Similarly to the results of Wolff et al. (2018), our 
findings show a strong impact of shrinking urban areas on dedensifica
tion process, as the number of shrinking cities increased over time. 

The identified spatial patterns fit into the “framework” of the 
asymmetric urban system in Serbia. Deviations from sprawl shrinkage, 
the dominant model in the second period, were observed only in larger 
urban centres affected by population and physical growth. In addition, 
the exception among medium-sized cities is NP where the vital popu
lation (continuous population growth), on the one hand, and physical 
factor, on the other, resulted in the compact growth model. The results 
can be related to the already-mentioned demographic polarization into a 
zone of demographic expansion (with a small spatial coverage) and a 
zone of constant depopulation (Stojanović & Vojković, 2005), or the 
polarization between prosperous urban centres and an economically 
lagging periphery (Siedentop & Fina, 2012). 

5. Conclusion 

The study seeks to identify the types and trajectories of change in the 
spatial patterns of 15 selected cities in Serbia in the postsocialist period 
(between 1990 and 2014/2015) by understanding the differences from 
the perspective of national urban system features. Based on the analysis, 
it was determined that there was a difference in the spatial patterns of 
transformation between medium-sized and large cities, as well as be
tween shrinking and growing cities. The assumption of Schmidt et al. 
(2015) that larger cities, which also attract foreign investment and 
population, experienced different growth patterns compared to 
medium-sized cities, has been confirmed in our research. The expected 
polarization turned out to be real. Our results show a link between the 
asymmetric urban system and cities' growth and shrinking intensity. As a 
rule, cities ranking higher in the hierarchy of the urban system spatially 
grow with a higher intensity. 

Interesting to note how the asymmetric urban system has had a more 
significant impact on cities' spatial reconfiguration than their 
geographical distribution. This suggests that economic growth, political 
power, and social dynamics are more substantial in shaping a city's 
transformation than its physical location. Therefore, planners and 
decision-makers need to consider this when designing future national 
spatial planning documents and policies. 

Our results are consistent with the findings of Schmidt et al. (2015) 

Fig. 6. Types of density changes.  
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related to eastern Germany (in contrast to the other CEE countries), 
which indicate that the social context has a significant impact on the 
course (beginning/duration) of urban transformations. Therefore, in 
case of Serbia, in the first phase mainly residential suburbanization 
(involving illegally built facilities in particular; see Zegarac, 1999; 
Zeković et al., 2020), was more intensive, uncontrolled, and present in 
most of the selected cities, regardless of size and rank. These processes 
generated social and environmental problems and shortages in in
frastructures and facilities in the sectors created under the logic of urban 
informality. The imbalance between the pace of growth of major cities 
and lower level cities in the urban system was also brought about during 
this period. 

After 2000 (transition period), when commercial suburbanization 
emerged along with residential suburbanization, suburbanization 
weakened significantly, persisting mainly around larger urban centres 
(especially BG), which were more attractive for investment and living. 
Commercial suburbanization was also directed towards peripheral and 
un-built areas of urban settlements with good traffic accessibility and 
lower land costs. This favouring greenfield (Strategy, 47/2019) over 
brownfield development as an essential model to curb sprawl (Mustafa 
et al., 2018), supported suburban expansion (Stanilov & Sÿkora, 2014b), 
and encouraged urban sprawl (Zeković et al., 2015). 

Based on the correlation of annual change rates of the built-up area 
and population, we identified two dominant models of spatial devel
opment in Serbia: sprawl/compact growth and sprawl shrinkage. The 
results of our research show that outward expansion, or urban sprawl, is 
the dominant feature of physical expansion in the majority of the 
analyzed cities in Serbia, and not only in the capital and large urban 
agglomerations as we hypothesized at the beginning. This is a conse
quence of the continuous increase in the absolute values of the built-up 
land in all of the analyzed cities, both growing and shrinking. 

The “reuse” model, i.e. urban renewal and recycling of previously 
used locations in the form of the conversion of industrial zones into 
parks or commercial zones in Serbia is rarely used. According to the 
Strategy (47/2019), there are numerous reasons for this, namely com
plex environmental, economic, social and other “burdens” on the site. 
Solving them requires huge investment to reactivate brownfield sites 
(Strategy, 47/2019) and a more responsible planning approach 
(Vuksanović-Macura et al., 2020). 

Similarly to other authors (Schmidt et al., 2015; Schneider & 
Woodcock, 2008; Siedentop & Fina, 2012), and based on the obtained 
results, we can conclude that spatial growth is present despite popula
tion decline. In other words, the decreased density and the domination 
of various sprawl spatial patterns cannot be related to the analyzed 
demographic changes. As the drivers of the spatial patterns of trans
formation in the analyzed cities are not discussed in the paper, we can 
accept the explanation of Schneider and Woodcock (2008) that urban 
land conversion “may instead be caused by a number of proximate and 
indirect drivers unrelated to population changes” (p. 682). 

However, the pronouncedly declining annual change rates of the 
built-up area in all examined cities in Serbia and our results show that in 
the second period this indicator was almost two times lower than in the 
first period. This may indicate that the trend of urban population 
decline, accompanied with population decline at the national level, is 
becoming increasingly visible in the spatial “footprint” of cities in 
Serbia, along with the growing number of cities marked by continuous 
shrinkage. The limitation of this study is that we have only observed the 
densification processes that take place in the analyzed cities, without 
specifying the spatial forms of densification like infilling and upward 
expansion. These changes are particularly pronounced in the capital and 
related to the period after 2016, which goes beyond the time frame 
covered in this study. However, this points to potential directions of 
future research. 
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SASA.  
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D. Miljanović et al.                                                                                                                                                                                                                             

https://doi.org/10.3390/rs13122323
https://doi.org/10.1177/0042098015577773
https://doi.org/10.1177/0042098015577773
https://doi.org/10.2298/IJGI2201051P
https://doi.org/10.2298/ZMSDN1448687P
https://doi.org/10.5937/socpreg53-21902
https://doi.org/10.5937/socpreg53-21902
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0355
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0355
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0355
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0355
http://actageographica.sk/stiahnutie/58_2_02_Pirisi_a_Trocsanyi.pdf
https://doi.org/10.1080/02723638.2015.1096118
https://doi.org/10.1080/02723638.2015.1096118
https://doi.org/10.2905/0C6B9751-A71F-4062-830B-43C9F432370F
https://doi.org/10.1080/1747423X.2022.2055184
https://doi.org/10.1080/1747423X.2022.2055184
https://doi.org/10.1016/j.habitatint.2022.102543
https://doi.org/10.1016/j.habitatint.2022.102543
https://doi.org/10.1080/09654313.2014.933178
https://doi.org/10.1080/09654313.2014.933178
https://doi.org/10.1177/0042098007087340
https://doi.org/10.1177/0042098007087340
https://doi.org/10.1068/a4580
http://www.jstor.org/stable/23799123
https://doi.org/10.1007/978-3-030-28191-5_12
https://doi.org/10.1007/978-3-030-28191-5_12
https://doi.org/10.1080/09654313.2018.1465530
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0415
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0415
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0415
https://doi.org/10.2298/GEI151019006S
https://doi.org/10.2298/GEI151019006S
https://doi.org/10.1016/j.cities.2020.102789
https://doi.org/10.1016/j.cities.2020.102789
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0430
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0430
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0435
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0435
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0435
https://doi.org/10.1002/9781118295861.ch9
https://doi.org/10.1002/9781118295861.ch9
https://pod2.stat.gov.rs/ObjavljenePublikacije/Popis2011/Knjiga20.pdf
https://pod2.stat.gov.rs/ObjavljenePublikacije/Popis2011/Knjiga20.pdf
https://publikacije.stat.gov.rs/G2021/Pdf/G20212054.pdf
https://publikacije.stat.gov.rs/G2021/Pdf/G20212054.pdf
https://publikacije.stat.gov.rs/G2023/Pdf/G20234001.pdf
https://publikacije.stat.gov.rs/G2023/Pdf/G20234001.pdf
https://doi.org/10.2298/STNV0504061S
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0465
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0465
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0465
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0465
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0470
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0470
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0470
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0470
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0470
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0470
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0470
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0475
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0475
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0475
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0475
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0475
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0475
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0475
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0475
https://doi.org/10.3390/su11247126
https://doi.org/10.21861/HGG.2015.77.01.02
https://doi.org/10.21861/HGG.2015.77.01.02
https://doi.org/10.1177/0042098010397402
https://doi.org/10.1177/0042098010397402
https://doi.org/10.1002/9781118295861.ch1
https://doi.org/10.1177/2399808319846902
https://doi.org/10.2298/GSGD0501137T
https://doi.org/10.1016/j.cities.2007.01.007
https://unhabitat.org/sites/default/files/2021/08/indicator_11.3.1_training_module_land_use_efficiency.pdf
https://unhabitat.org/sites/default/files/2021/08/indicator_11.3.1_training_module_land_use_efficiency.pdf
https://unmik.unmissions.org/sites/default/files/old_dnn/Res1244ENG.pdf
https://unmik.unmissions.org/sites/default/files/old_dnn/Res1244ENG.pdf
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0525
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0525
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0525
http://refhub.elsevier.com/S0264-2751(23)00255-X/rf0525
http://www.sepa.gov.rs/download/FIN_JubilarnaPublikacija.pdf
http://www.sepa.gov.rs/download/FIN_JubilarnaPublikacija.pdf
http://www.interfacejournal.net/wordpress/wp-content/uploads/2017/07/Interface-9-1-Vilenica.pdf
http://www.interfacejournal.net/wordpress/wp-content/uploads/2017/07/Interface-9-1-Vilenica.pdf
http://www.interfacejournal.net/wordpress/wp-content/uploads/2017/07/Interface-9-1-Vilenica.pdf
https://doi.org/10.1080/14649357.2020.1849776
https://doi.org/10.1080/14649357.2020.1849776
https://doi.org/10.1177/0096144216632747


Cities 140 (2023) 104443

15
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Zeković, S., & Maričić, T. (2016). A historical prolegomenon of the legal framework and 
urban land policy in Serbia as a basis for urban development. Spatium, 36, 67–74. 
https://doi.org/10.2298/SPAT1636067Z 
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grada Požarevca, No. 13/2014. 
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