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Newer trends of balanced regional development emphasize the development of function-
al integrational areas and strong spatial and functional relations based on the nodal con-
ceptand a functional process approach. Therefore, it is essential to determine the hierarchy
of settlements in the network, which defines their demographic and functional capacity.
This paper identifies the nature and characteristics of urban primacy in the Srem region in

Serbia, using the rank-size rule and urban primacy index, as well as the hierarchy of settle-

Srem
Serbia

ments in the network, by calculating the importance of secondary activities and the central-
ization of the settlements. The results confirmed that while urban primacy is not expressed,

the hierarchy of the settlements remains dominated by urban and suburban centres.

Introduction

In the modern world, no autonomous settlements or
towns are independent of others. Some functions have be-
come so important that they have outgrown the needs of
the local population and have begun attracting residents
of neighbouring settlements. Such settlements overtake
their neighbours in development, size, importance, and
standing in certain hierarchical relationships (Kaplan et
al., 2014).

The settlement hierarchy means that influential spheres
of functions in various cities do not have the same impor-
tance and reach and that the area they affect is called a
gravitational sphere (Krugman, 1996). Settlement hier-
archy and gravitational spheres are two main elements
in the settlement system. The settlement system implies
that all the settlements in a region, regardless of politics or
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natural criteria, are in some interdependent relationships
(Curdié et al., 2021).

When studying the system of settlements in an area, a
number of fundamental questions about the relationships
between the individual towns and cities and their hinter-
lands need to be considered. Human settlements today
are characterized by a complex structural and function-
al stratification reflected at many levels — from the typol-
ogy of the built structures to the relationships and connec-
tions they form with each other. Contemporary settlement
relations are marked by multi-layered spatial overlapping
of urban and rural characteristics in particular areas and
equal and reciprocal functional flows of people, capital,
goods, information, and technological processes. Grow-
ing interdependencies between cities and other surround-
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ing settlements have been significantly transformed from
traditional and straightforward one-way relationships to
complex dynamic networks dominating various activities
(Schaefer, 1977; Sennett, 1994).

Among the first significant theoretical and methodo-
logical papers addressing the interaction between urban
and rural settlements is Kohl's (1841) model. Addition-
al significant contributions to the further development of
this idea were made by Auerbach (1913), Weber (1929), von
Thiinen (1930), Christaller (1933) and Lésch (1954). A signif-
icant contribution was made by Christaller (1933) with his
much-respected theory of central places, where he con-
nects the spatial distribution of centres with their essen-
tial functions, which supply the population with central
goods and services. He assumed that the connections be-
tween the settlements are established in an idealized hex-
agonal pattern, on the principle that a small number of
centres of higher rank supply a large number of centres of
lower rank in close distances, ignoring the industry and
the production function.

In his general theory, Friedmann (1972) points to urban
systems as spatially organized unities. On the local and re-
gional level, differences can be made between daily, weekly,
and monthly urban systems (Berry, 1967; Friedmann, 1972).
At higher levels of spatial aggregation, the urban systems
can be considered national, sub-continental, continental,
world or global in scope (Geyer, 2002). Castells (1993) distin-
guishes the difference between global networks and world
systems — global networks cover the entire world, while
world systems cover the subsets of global networks.

Furthermore, Castells (1994) writes about global cit-
ies as hubs and centres, hierarchically organized ac-
cording to their relative importance in the network. Soja
(2000) speaks about the urban revolution that brings many
changes in the industry, such as flexible specialized in-
dustry, globalized urban regions, post-urban exopolis-
es and “crumbled cities”, which Giddens attributed to the
westernization of the world and the western condition-
ality of globalization and its urban indicators (Giddens,
1995, 2002). Saskia Sassen (2001), the most profound ana-
lyst of the city’s networks from a sociological point of view,
also stands side by side with the aforementioned authors.
She makes a difference between global and world cities,
of which the former are in a network, while the latter do
not have to be, but can be. World cities are the focal points
of all their functions, while global cities belong to a group
in which they must be in order to be global, that is, inde-
pendent from the place.

According to the theory of the central places, the hier-
archy of central places is developed as a result of the wide
distribution of people who need goods and services. The
term hierarchy of urban centres (Christaller, 1933; Losch,
1954) is associated with the concept of an urban system
and appears in much of the literature and is collectively re-
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ferred to as the theory of location. This theory deals with
factors that determine the location of social and econom-
ic activities in an area and the economies of agglomera-
tions (Fujita et al., 1999; Parr, 2002a, 2002b; Malmberg &
Maskell, 2002; Richardson, 1973) and which are one of the
crucial factors in the manifestation of urban hierarchy.
The individual nodes of the cities and their hinterlands are
examples of nodal regions, which are the simplest features
of the functional, social, and economic space.

Besides all the limitations mentioned above, the clas-
sical urban theories have served as spatial models for the
planning of settlement networks and the development of
areas that are under an immediate impact, as was the case
in the south of Germany. They remain a part of planning
practice, especially in environments where the hierarchi-
cal relationships in the spatial organization are clearly ex-
pressed and the interactions between the settlements in
the system are less complex.

Recent research in settlement hierarchy explores var-
ious approaches to understanding how settlements are
structured and categorized based on factors such as pop-
ulation density, economic activity, and geographic distri-
bution (Lee, 2017; Budde & Neumann, 2019; Dobis et al.,
2020; Bergs, 2021). In his recent study, Griffith (2022) up-
dates the United States urban hierarchy by using spatial
autocorrelation and other geospatial metrics to reveal pat-
terns in settlement structures and their implications on
regional development. He finds that geographic proxim-
ity and regional factors create coherent settlement group-
ings, which help define urban-rural distinctions and hier-
archical layers within urban networks.

Moreover, Altaweel (2015) employs agent-based model-
ling to examine settlement dynamics, particularly how in-
teractions between individual agents (people, goods, ser-
vices) shape hierarchical settlement patterns over time.
This modelling approach, grounded in entropy maximi-
zation, allows researchers to simulate and analyze chang-
es in settlement hierarchies as influenced by migration
and resource distribution patterns, offering a dynamic
view of urbanization processes. Similarly, Chun and Kim
(2022) investigate South Korea'‘s urban structure evolution
from the 1950s to the present, focusing on urban prima-
cy and spatial interactions. They use population data and
commuting patterns to assess urban connectivity and hi-
erarchy, applying primacy and spatial interaction indices
to analyze how urban areas interact.

Meanwhile, Sat (2018) examines whether Turkey‘s ur-
ban regions have shifted from monocentric to polycentric
spatial structures using the Primacy Index and Rank-Size
Rule. Recent studies on settlement hierarchy in Hungary
concentrate on regional dynamics, particularly challeng-
es in rural and urban development, economic disparities,
and the effects of policy reforms on settlement networks.
Bagyura (2020) analyzes the effects of suburbanization on

| 272



Bojan Deréan, Dajana Bjelajac, Milka Bubalo Zivkovic,
Tamara Lukic, Dragica Gataric, Zorica Pogrmic

power dynamics in municipal councils within Budapest's
suburban areas, highlighting shifts in governance influ-
enced by regional growth.

Additionally, recent research on settlement hierarchy
in Romania addresses several key areas, including ur-
banization trends, regional development, and socio-spa-
tial changes due to migration and economic shifts. A
significant area of study is the transformation of settle-
ment structures since Romania’s post-socialist transi-
tion (Benedek, 2006; Mitrica et al., 2014), which altered ur-
ban-rural dynamics and population distribution (Lung,
2019). These studies reveal that cities with strong sec-
ondary and tertiary sectors, particularly those along ma-
jor transport corridors, have remained economically resil-
ient (Benedek, 2016). Furthermore, Horeczki et al. (2023)
explore Romania‘s urban development, highlighting chal-
lenges and opportunities in its spatial planning and met-
ropolitan growth. The authors argue for a balanced,
polycentric urban development model that supports re-
gional centres in fostering growth across the country rath-
er than concentrating resources in Bucharest.

Lastly, Josié¢ and Zmuk (2020) adopt a novel approach,
investigating whether Croatia‘s urban hierarchy can be ap-
proximated using the Fibonacci sequence, analyzing his-
torical population data from 1857 to 2011. They apply two
methods: one divides the largest city‘s population by the
golden ratio, and the other applies the golden ratio itera-
tively to each successive city. Findings show that Croatia‘s
urban hierarchy aligns well with the Fibonacci sequence,
particularly when Zagreb is excluded due to its dispropor-
tionately large size. This study suggests that the Fibonacci
sequence may be valuable for analyzing urban population
systems, complementing existing urban economics theo-
ries like Zipf’s and Gibrat’s laws.

Partial approaches, both in territorial and themat-
ic terms, are generally dominant in previous studies that
have examined the networks and urban systems of Serbia.
On the one hand, there are many studies of geographical
networks and settlement systems in some parts of Serbia
at a regional or administrative district/municipality level.

Methods
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Some research includes only network and settlement sys-
tem segments, such as demographic features and func-
tional characteristics. On the other hand, there are few-
er territorial and thematically comprehensive studies of
the network and the system of settlements. More recent
studies of the hierarchy of settlements in Serbia are fo-
cused on urban settlements. Filipovié et al. (2022) examine
the functional dependence and demographic changes in
the daily urban system of Belgrade during its post-social-
ist transition. They redefine commuting zones, observing
shifts in functional dependence on the city core due to de-
mographic changes, increased mobility, and shifts in eco-
nomic centres, which call for strategic planning to manage
this growth and dependency.

Meanwhile, Zivanovié et al. (2020) evaluate urban re-
gions in Serbia, focusing on their functional polycen-
tricity, or the presence and distribution of multiple ur-
ban centres within regions. The study assesses factors
such as population concentration, employment distribu-
tion, and activity sectors across primary and secondary
centres. Findings indicate that nearly half of Serbia’s ur-
ban regions are monocentric, relying primarily on a single
central hub, while a few, such as Novi Sad, exhibit great-
er polycentric characteristics. These polycentric regions
benefit from multiple secondary centres that help dis-
perse economic activity, promoting balanced regional de-
velopment. Furthermore, the authors suggest that policies
fostering decentralized growth and re-industrialization
could strengthen secondary centres, ultimately achieving
a more balanced national urban system.

In this regard, the purpose of this study is to evaluate
the hierarchy and characteristics of the settlement net-
work in the Srem settlement system, that is, a cross-sec-
tion that exists at the beginning of the 21st century, in or-
der to achieve a better understanding of the spatial and
functional organization of this region.

The main question examined is what types of connec-
tions exist between settlements of all hierarchical levels
and how these relationships affect the survival and future
of the settlements in the Srem region in Serbia.

The research was conducted on the territory of the Srem
region, which includes the municipalities of Indija, Irig,
Peéinci, Ruma, Sremska Mitrovica, Stara Pazova, and Sid
(Figure 1). These municipalities encompass a total area of
3,671 km? and are inhabited by 312,278 people, distributed
in 109 settlements (Kraji¢, 2013; Luki¢ et al., 2014; Dercan
etal., 2017a; Percan et al., 2022). The population data used
are from the 2011 Census (Statistical Office of the Repub-
lic of Serbia, 2014) and the data on the population’s activ-
ities from the Statistical Office of the Republic of Serbia.

There are different ways to determine the ranking of a
settlement in the settlement hierarchy. Christaller (1960)
opted for the “telephone method”, where the degree of cen-
trality was determined based on the number of telephone
connections. Schmook (1968) took into account the popu-
lation employed in some tertiary activities. Davies (1967)
based thinking on a location coefficient and Preston (1975)
based his on the value of retail sales, average earnings and
share of household income spent on the purchase of goods
and services. The Rank-size rule is also often used. It is
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Figure1. Study area
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based on the assumption that the rank of the settlement
in the hierarchy complies with its size compared to other
places (Vresk, 2002).

Auerbach (1913) noted a specific correlation between
the size and the number of cities and a tendency in the
number and magnitude of towns in an area. This inter-
dependence theory is formulated as a Rank-size rule,
also known as the Zipflaw, widely used in this kind of re-
search (Alperovich, 1984, 1993; Guerin-Pace, 1995; Brak-
man et al., 1999; Gabaix, 1999; Ioannides & Overman,
2003, Soo, 2005; Cérdoba, 2008). According to the Rank-
size rule, it can be expected that one of the cities in a
number of cities of a country or region, ordered by size,
will have as many inhabitants as there are in the largest
city divided by the number assigned (or ranked) to this
city in a number of cities. Thus, the second largest settle-
ment in the series will have half the largest population;
the third will have a third and so on. Mathematically, this
can be expressed as a formula:

S
b

Sn

Where S, is the expected number of city inhabitants in
the series, S, — is the population of the largest city and r -
is the number of the city in the series.

Jefferson (1939) noted that urban systems often exhib-
it irregularities, especially regarding city sizes and ranks.
He noted that in some countries, the capital, the primate
city, stands out because of its size, while the other cities are
much smaller. He called this phenomenon the “law of the
primate city,” explaining it by pointing out the capital city’s
exceptional political, economic, and social importance.

A simple formula calculates the Urban primacy index of
a country or region:

_G
G,

I

Where I is the urban primacy index, G, is the largest
city’s population, and G, is the population of the second
largest city. Urban primacy is more significant if the re-
sulting index value exceeds 2. The urban primacy may be
expressed by the ratio of the population of the largest city
and the population of the following few largest cities in the
series:

[-— G
Gy, +G3+Gy

In practice the following three largest cities are most
commonly used to calculate it as follows: G, + G, + G,.
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Quantitative methods determined the importance of
secondary activities in the network of settlements. For
this purpose, a modified Schmook’s (1968) method applied
to secondary activities has been used (Vresk, 2002). The re-
sults were obtained using this form:

SCn SCr)

ISA, = An(———
An  Ar

Where: An —active population in the settlement, SCn
—active population in the secondary sector of the settle-
ment, SCr — active population in the secondary sector in
the region, Ar — active population in the region.

In order to present the results of the importance of
secondary activities graphically, a model derived from
Rochefort’s method for secondary activities was used
(Rochefort 1957, 1959). The hierarchy of settlements us-
ing this method is obtained according to the following
formulas:

x . 5Cn
An
y - S€n
SCr

The meaning of the marks is the same as in the previ-
ous formula. X represents the abscissa, and Y is the ordi-
nate in Figure 3.

The hierarchy of settlements by this method is obtained
according to the following formula:

ISA, =V X2 +Y? -100'tg§

Quantitative methods based on the active population
in the tertiary—quaternary sector of the settlements were
used to determine the centrality of the settlements.

Results and discussion
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One of the research methods for determining the lev-
el of development, location, and importance of the settle-
ment in the network is Schmook’s method. According to
this method, centrality is calculated as the deviation of the
share of the tertiary—quaternary sector in the active popu-
lation in the settlement compared to the same average for
the region. Centrality is calculated according to the fol-
lowing model:

TQn TQr)

C1=An(———
An  Ar

Where: An — active population in the settlement, TQn — ac-
tive population in tertiary — quaternary sector of the settle-
ment, TQr — active population in tertiary — quaternary sector
in the region, and Ar — active population in the region.

Rochefort’s method also provides a graphical rep-
resentation of settlement centrality in the form of:

x_IQn
Ar

y o 1Qn
TQr

Form markings have the same meanings asin Schmook’s
model, where X and Y are the abscissae, or ordinate, of the
coordinate system.

The centrality of the settlement using Rochefort’s mod-
el was obtained according to the formula:

C2=\/X2+Y2'100'th

X

For this study, ArcGIS Pro software was used to gener-
ate maps. The data used for the visualization and geospa-
tial interpretation is derived from the Census of Popula-
tion, Households and Dwellings in the Republic of Serbia.

Over time, cities in a country develop a hierarchy. The ex-
pression of this hierarchy is the distribution of the size of
a city’s population that can easily be constructed for any
urban system (Dimitrova & Ausloos, 2015). According to
the Rank-size rule, the distribution of settlements is most
commonly displayed by a graph with an arithmetic scale,
so the function is in the form of a curve. If the sizes are
expressed with a logarithm, then the graphic form of the
order of magnitude will have a straight line. Rightness is
clearly visible: There is always a small number of settle-
ments with a larger population and a much larger number
of settlements with a small population. The size increases
as the size reduces the frequency of settlements with the

same population. The distribution of settlements is shown
in Figure 2.

However, Pearson’s correlation coefficient (r=.984,
p=-000 (p<0.01)) indicates that there is a robust positive
correlation between the distribution of settlements ac-
cording to the population size and the distribution of set-
tlements according to the Rank-size rule.

The index of urban primacy was calculated by applying
the Rank-size rule according to the aforementioned for-
mulas. Based on the first statement (the ratio of Srems-
ka Mitrovica and Ruma), the urban primacy index is 1.26.
Based on the second statement (the ratio of Sremska Mi-
trovica on one side and settlements Ruma, Indija and
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Figure 2. Comparative review of the distribution of settlements according to the population size and

the rank-size rule in the Srem region

Stara Pazova on the other side), the urban primacy index
is 0.50. In both cases, the value is less than 2, which means
that the urban primacy of only one city is not prominent in
the Srem region. Although it is the region’s administrative
centre, Sremska Mitrovica has only 7,000 more inhabitants
than Ruma. In the same period, at the Republic of Serbia
level, the urban primacy index (Belgrade-Novi Sad) was
4.86 (Dercan et al., 2017b). The urban primacy phenome-
non is even more pronounced in many developing coun-
tries. For example, the urban primacy index in Jammu and
Kashmir (India) in 2011 was 7.9 (Yousuf & Shah, 2014).

Polése and Denis-Jacob (2010) analyzed the evolution
of city ranking at the top of national urban hierarchies in
74 countries during the 20th century. They found that Eu-
ropean city ranking shows significantly fewer variations
over time than in North and South America and develop-
ing countries. This finding aligns with the view that ur-
ban hierarchies become more stable and robust over time
as the rural-urban transition is completed and settlement
patterns mature. Changes in ranking at the top are rare,
and where they do appear, they can be linked to political
events that alter the direction of trade or the role of the
city as a central place. The urban system of the Srem re-
gion is composed of small and medium-sized cities whose
population sizes and ranking have not significantly varied
over recent years, which is in line with the research carried
out by Dimou and Schaffar (2009). They acknowledge that
medium-sized cities are more resistant to external shocks
caused by conflict, change of national borders and institu-
tional turmoil than those with large agglomerations.

Secondary and tertiary quaternary activities are essen-
tial factors in determining the hierarchy in the network of
settlements and generally give importance to settlements
throughout the Srem region.

Secondary activities, primarily industry, contribut-
ed significantly to the growth and development of settle-
ments and strengthened the differentiation in the network
of settlements regarding influence. Industry attracts the
population; it is the most important factor of urbanization
and the driving factor of the polarizing effect of cities and
centres in the area.

According to the derived Schmook’s model, the impor-
tance of secondary activities is shown in Figure 4 (ISA 1).
The highest level in the hierarchy of settlements according
to the relative importance of secondary activities is Indija,
followed by Stara Pazova, Sremska Mitrovica, Ruma and
Sid, all of which are municipal centres. Higher levels have
suburbs like Nova Pazova, Lacarak, Vojka, Stari Banov-
ci, Putinci and Macvanska Mitrovica. It can be conclud-
ed that the settlements with relatively high importance of
secondary activities are either municipal centres or sub-
urban areas with a high share of daily commuters; togeth-
er, they form some conurbation. Some previous studies
have come to similar conclusions (Bole, 2004, 2011; Nared
& Razpotnik Viskovié, 2016; Popovié, 2020). Slovenian au-
thors found that conurbations in Slovenia, defined basi-
cally on daily migrations, are more extensive and numer-
ous than conurbations defined by complementary central
functions. By adding daily migrants, these authors sup-
ported the established approach using complementary
central functions, which set the definition of conurbations
in broader contexts and point to possibly new directions in
spatial development. The importance of secondary activi-
ties is shown graphically in Figure 3.

According to the results of this method, settlements
with the highest importance are presented with the dots
at a greater distance from the coordinate beginning and
away from the abscissa and ordinate.
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Figure 3. Secondary activities in settlements using the Rochefort’smethod
Legend: RU- Ruma, SM — Sremska Mitrovica, IN —Indija, SP—Stara Pazova, NP—Nova Pazova, SI-35id,
LA —Lacarak, NB—Novi Banovci, SB—Stari Banovci, VO —Vojka

Figure 4 (ISA 2) shows the settlements with the most According to the second model, the changes in the hier-
significant importance of secondary activities in the set-  archy within the network of settlements are insignificant.
tlement network of the Srem region according to the mod-  According to Schmook’s modified model, the settlements
ified Rochefort’s model. with a higher share of the secondary sector have a relative-

Figure 4. Comparative display of the importance of secondary activities according to the derived Schmook’s and
Rochefort’s models
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ly higher significance. In contrast, according to Roche-
fort’s model, settlements with larger active populations in
secondary activities have a higher significance.

The position of the settlement in the system or hierar-
chy is determined by the degree of its centrality. In this
system, the higher-ranking cities are those that have a
greater gravitational sphere, that has a more significant
number of basic functions and those where the functions
have more power. They also gather the lower-ranking cit-
ies with central importance because the population of
smaller towns and their gravitational zones meet a part of
their needs in large centres. The Slovenian authors make
similar conclusions cited above using the combined in-
dex of the degree of centrality (Nared et al., 2017). If the
centrality based on functions is greater than the central-
ity based on the number of inhabitants, the settlement is
oversupplied, and if the opposite exists, the system is un-
dersupplied. Undersupply is characteristic of settlements
near major cities, which is a consequence of suburbaniza-
tion. The conclusion is drawn that the competitiveness of
the central settlements is moderately correlated with their
population size and supply functions.

Sremska Mitrovica has the highest centrality, followed
by Ruma, Sid, and Indija. Among the 15 settlements with
the highest centrality are all the municipal centres except
Irig. Other settlements with high centrality are main-
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ly suburban areas in the municipalities of Stara Pazo-
va, Indija, Peéinci and Sremska Mitrovica. According to
Schmook’s model, the centrality of settlements is shown
in Figure 5 (CI).

Graphically presented values of settlements centrality
are shown in Figure 6. Settlements at a greater distance
from the coordinate system have a greater centrality. It is
noted that this is Sremska Mitrovica, the seat of the region
and the largest city in the Srem region. It is followed by
municipal centres Ruma, Indija, Stara Pazova and Sid. The
municipal centresIrigand Peéinci are not among the set-
tlements with greater centrality. Other settlements are the
suburban towns Nova Pazova, Novi Banovci and Ladarak.

The results of Rochefort’s model (Figure 5, C2) show
that larger settlements have a higher place in the hierar-
chy of settlements in relation to Schmook’s model, where
the share of the tertiary—quaternary sector in the active
population of the settlement had relatively high impor-
tance. However, these two models do not show any signif-
icant discrepancies. From this research, Sremska Mitrovi-
ca, Ruma, Indija, Stara and Nova Pazova and Sid are the
settlements with the highest centrality.

The results of the hierarchy of settlements in the Srem
region according to the importance of secondary activities
and centrality showed no significant differences. Munic-
ipal centres and their suburban areas are high in the hi-

Figure 5. Comparative display of centrality according to the derived Schmook’s and Rochefort’s models
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Figure 6. Settlement centrality according to Rochefort’s method
Legend: SM —Sremska Mitrovica, RU- Ruma, IN —Indija, SP—Stara Pazova, NP —Nova Pazova, S1-Sid,
LA —Lacarak, NB—Novi Banovci.

Regional centre,
Sub-regional centre,
The municipal centre,
Local centre,

Village.

erarchy sequence. Small, rural settlements, often periph-
erally located on Fruska Gora, occupy the bottom of the
hierarchy of the settlements of the Srem region.

Based on previous research, the organization of the set-
tlement network in the Srem region was defined using five
levels:

T S

Figure 7. Organization of the settlements network in the Srem region
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The criteria used to separate a regional from a sub-re-
gional centre were the number of inhabitants, the value of
centrality, the importance of secondary activities and the
influential zone of the centre. The sub-regional centre has
a smaller population and a lower zone of influence than
the regional centre; also, it is linked to the regional centre
by some tertiary—quaternary functions. Municipal centres
have been identified based on already existing adminis-
trative divisions. The local centre is defined based on pop-
ulation, traffic position of the settlement on the municipal
level and the type of the settlement according to the struc-
ture of activities. The village is one level that failed to meet
the previous criteria. The organization of the settlement
network is represented in Figure 7.

One of the processes expressed in this system of settle-
ments is concentration. It is an expression of the polariz-
ing effect of the centre and, therefore, is more prominent
if the centre is more significant. In the Srem region, the

Conclusion
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concentration of activities, especially industry and popu-
lation, is mainly in the eastern part. These are also the mu-
nicipalities of StaraPazova and Indija, which have the larg-
est concentrations of economic activities and population;
Sremska Mitrovica follows them as the region’s centre and
the largest city. The population is agglomerated alongside
roads throughout the entire region. Congregating along-
side the roads provides an opportunity for the develop-
ment of small businesses and more accessible communica-
tion. On the other hand, in the northern and western parts
of the region, there are areas where the number of inhabit-
ants and functions in settlements decreases (Peréan et al.,
2017a). Previous regional policy ignored the development
of a polycentric settlement system. The only way to avoid
further concentration in spatial development is through
some dispersion. As previous examples of good practice
have shown, the resulting dispersion can have many posi-
tive effects on regional development (Kusar, 2013).

By applying the Law of the urban primary and calculat-
ing the index of urban primacy, this research has con-
firmed that urban primacy is not expressed in the Srem
region. Sremska Mitrovica is the largest settlement in the
Srem region, the administrative seat of the region, and
the centre of educational and medical functions. Howev-
er, the other settlements, primarily Ruma and Indija, do
not fall behind Sremska Mitrovica in population or num-
ber of functions. The proximity and relatively good con-
nections with Belgrade and Novi Sad, which have a strong
gravitational power, especially to the eastern part of the
Srem region, should be considered. These results are in ac-
cord with contemporary development concepts, especially
in EU countries where areas and regions should be consid-
ered and organized by principles that consider the tempo-
ral and spatial dynamic links based on the specific and ac-
tive role of each settlement, not solely on the hierarchical
relationship of dependency on the central city.

By analyzing the hierarchy of settlements in the net-
work and calculating the importance of secondary activi-
ties and settlement centrality, it was confirmed that Srem-
ska Mitrovica, Ruma, Indija, Sid, Stara Pazova and Nova
Pazova are the settlements that are at the top of the hier-
archical ladder.

Acknowledgement

The analysis also confirms the flow of socio-geograph-
ic processes and structural changes in the settlement sys-
tem, implying simultaneously the temporal and spatial di-
mensions. When considered as a whole, the Srem region’s
settlement system contains all forms of feedback effects
and correlations of multiple relationships of interdepend-
ence.

The demographic, social and spatially functional re-
lationships discussed in this study provide a framework
for understanding a complex analysis, planning and di-
recting system in a contemporary context and discussing
system-wide development processes in a given space and
time. The results represent a solid scientific framework
that can be applied to all relevant state institutions and or-
ganizations at the local, regional, and national scales, as
well as for adopting operational plans for developing strat-
egies in a settlement system and network. Multiple con-
nections between the settlements of all hierarchical levels
provide opportunities for more effective use of the exist-
ing resources of the Srem region, both in the urban com-
munities and rural areas. This would improve the living
conditions for all and reduce the depopulation trends.
Similar studies using the same methodology can be ap-
plied elsewhere.

The authors are grateful to the Provincial Secretariat for Higher Education and Scientific Research of A.P. of Vojvodina (Grant No.
003049999 2024 09418 003 000 000 001-02), and the Ministry of Science, Technological Development and Innovation of the Republic of
Serbia (Grant Nos. 451-03-66/2024-03/200125 and 451-03-522 65/2024-03/200125) for supporting this work.

| 280



Bojan Deréan, Dajana Bjelajac, Milka Bubalo Zivkovic,
Tamara Lukic, Dragica Gataric, Zorica Pogrmic

References

Geographica Pannonica / Volume 28, Issue 4, 271—283 (December 2024)

Alperovich, G. (1984). The size distribution of cities: On the
empirical validity of the rank-size rule. Journal of Urban
Economics, 16(2), 232-239. https://doi.org/10.1016/0094-
1190(84)90044-5

Alperovich, G. (1993). An explanatory model of city-
size distribution: evidence from cross-country
data. Urban Studies, 30(9), 1591- 1601. https://doi.
org/10.1080/00420989320081521

Altaweel, M. (2015). Settlement Dynamics and Hierarchy
from Agent Decision-Making: a Method Derived from
Entropy Maximization. Journal of Archaeol Method and
Theory, 22, 1122-1150. https://doi.org/10.1007/s10816-
014-9219-6

Auerbach, F. (1913). Das Gesetz der Bevolkerungskonzen-
tration [The Law of Population Concentration]. Peter-
manns Geographische Mitteilungen, 59, 74-76.

Bagyura, M. (2020). The impact of suburbanisation on
power relations in settlements of Budapest Agglomer-
ation. Geographica Pannonica, 24(1), 13-24. https://doi.
0rg/10.5937/gp24-22092

Benedek, J. (2006). Urban policy and urbanisation in the
transition Romania. Romanian Review of Regional Stud-
ies, 2(1), 51-64.

Benedek, J. (2016). The role of urban growth poles in re-
gional policy: the Romanian case. Procedia - So-
cial and Behavioral Sciences, 223, 285-290. https://doi.
org/10.1016/j.sbspro.2016.05.368

Bergs, R. (2021). Spatial dependence in the rank-size distri-
bution of cities — weak but not negligible. PLoS ONE, 16,
€0246796. https://doi.org/10.1371/journal.pone.0246796

Berry, B. J. L., Goheen, P. G., & Goldstein, H. (1968). Met-
ropolitan Area Definition: A re-evaluation of concept and sta-
tistical practice (Working paper 28). Washington: Bureau
of the Census.

Bole, D. (2004). Daily Mobility of Workers in Slovenia.
Acta Geographica Slovenica, 44(1), 25-45. https://doi.
org/10.3986/AGS44102

Bole, D. (2011). Changes in Employee Commuting: A Com-
parative Analysis of Employee Commuting to Ma-
jor Slovenian Employment Centers from 2000 to 2009.
Acta Geographica Slovenica, 51(1), 93-108. https://doi.
org/10.3986/AGS51104

Brakman, S., Garretsen, H., van Marrewijk, C., & van
den Berg, M. (1999). The return of Zipf: towards a fur-
ther understanding of the rank-size distribution.
Journal of Regional Science, 39(1), 183-213. https://doi.
org/10.1111/1467-9787.00129

Budde, R., & Neumann, U. (2019). The size ranking of cit-
ies in Germany: caught by a MAUP?. GeoJournal, 84,
1447-1464. 10.1007/s10708-018-9930-z

Castells, M. (1993). European cities, the informational so-
ciety, and the global economy. Tijdschrift voor Econo-

mische en Sociale Geografie, 84(4), 247-257. https://doi.
org/10.1111/].1467-9663.1993.tb01767.x

Castells, M. (2011). The rise of the network society. New York:
John Wiley & Sons.

Christaller, W. (1962). Die Hierarchie der Stadte [The hier-
archy of cities]. Proceedings of the IGU Symposium in
Urban Geography. Lund: C.W.K. Gleerup and the Roy-
al University of Lund.

Christaller, W. (2009). Die zentralen Orte in Siiddeutschland.
Eine 6konomisch-geographische Untersuchunyg iiber die Ge-
setzmiifSigkeit der Verbreitung und Entwicklung der Siedlun-
gen mit stidtischer Funktion [The central places in South-
ern Germany. An economic-geographical study of the
regularity of the distribution and development of set-
tlements with an urban function]. (3rd, unchanged
Edition, reprograph of the 1st edition, Jena 1933).
Darmstadt: Wissenschaftliche Buchgesellschaft.

Chun, Y. & Kim, K. (2022). Temporal changes in the urban
system in South Korea. Frontiers in Sustainable Cities, 4,
1013465. https://doi.org/10.3389/frsc.2022.1013465

Cérdoba, J.C. (2008). On the distribution of city sizes.
Journal of Urban Economics, 63(1), 177-197. http://dx.doi.
org/10.1016/].jue.2007.01.005

Curdié, S., Bubalo Zivkovié, M., & Deréan, B. (2021).Geo-
grafija naselja [Geography of settlements]. Beograd: Za-
vod za udzbenike. (in Serbian)

Davies, W. K. D. (1967). Centrality and the Central Place
Hierarchy. Urban Studies, 4(1), 61-79. https://doi.
org/10.1080/00420986720080041

Dobis, E., Delgado, M. S., Florax, R.]. G. M., & Mulder, P.
(2020). Hierarchy and spatial contagion: population in
American cities between 1990 and 2010. Journal of Eco-
nomic Geography, 20(2), 397—418. https://doi.org/10.1093/
jeg/lbz012

Perdan, B., Bubalo Zivkovié, M., Gatarié¢, D., Lukié, T.,
Dragin, A., Kalenjuk Pivarski, B., Lutovac, M., Kuzman,
B., Puskarié, A., Banjac, M., Grubor, B., & Simovi¢, O.
(2022). Experienced Well-Being in the Rural Areas of the
Srem Region (Serbia): Perceptions of the Local Com-
munity. Sustainability, 14, 248. https://doi.org/10.3390/
sul4010248

Percan, B., Bubalo-Zivkovié, M., Solarevié, M., & Sabié,
D. (2017a). Living on the border: social indicators of life
quality in Srem border region (Vojvodina, Serbia). Geo-
graphica Pannonica, 21(1), 26-42. https://doi.org/10.18421/
GP21.01-03

Dercan, B., Radakovié, M., Ostoji¢, M., Mirkovi¢, M.,
Obrenov, S., & Vozar, J. (2017b). Urban Hierarchy in Ser-
bia. Zbornik radova Departmana za geografiju, turizam
i hotelijerstvo, 46(1), 12-24. https://doi.org/10.5937/Zb-

Dght1701012D

| 281


https://doi.org/10.1016/0094-1190(84)90044-5
https://doi.org/10.1016/0094-1190(84)90044-5
https://doi.org/10.1080/00420989320081521
https://doi.org/10.1080/00420989320081521
https://doi.org/10.1007/s10816-014-9219-6
https://doi.org/10.1007/s10816-014-9219-6
https://doi.org/10.5937/gp24-22092
https://doi.org/10.5937/gp24-22092
https://doi.org/10.1016/j.sbspro.2016.05.368
https://doi.org/10.1016/j.sbspro.2016.05.368
https://doi.org/10.1371/journal.pone.0246796
https://doi.org/10.3986/AGS44102
https://doi.org/10.3986/AGS44102
https://doi.org/10.3986/AGS51104
https://doi.org/10.3986/AGS51104
https://doi.org/10.1111/1467-9787.00129
https://doi.org/10.1111/1467-9787.00129
https://doi.org/10.1111/j.1467-9663.1993.tb01767.x
https://doi.org/10.1111/j.1467-9663.1993.tb01767.x
https://doi.org/10.3389/frsc.2022.1013465
http://dx.doi.org/10.1016/j.jue.2007.01.005
http://dx.doi.org/10.1016/j.jue.2007.01.005
https://doi.org/10.1080/00420986720080041
https://doi.org/10.1080/00420986720080041
https://doi.org/10.1093/jeg/lbz012
https://doi.org/10.1093/jeg/lbz012
https://doi.org/10.3390/su14010248
https://doi.org/10.3390/su14010248
https://doi.org/10.18421/GP21.01-03
https://doi.org/10.18421/GP21.01-03
https://doi.org/10.5937/ZbDght1701012D
https://doi.org/10.5937/ZbDght1701012D

Bojan Deréan, Dajana Bjelajac, Milka Bubalo Zivkovic,
Tamara Lukic, Dragica Gataric, Zorica Pogrmic

Dimitrova, Z., & Ausloos, M. (2015). Primacy analysis of
the system of Bulgarian cities. Central European Jour-
nal of Physics, 13, 218—225. https://doi.org/10.1515/phys-
2015-0029

Dimou, M., & Schaffar, A. (2009). Urban Hierarchies and
City Growth in the Balkans. Urban Studies, 46(13), 2891
2906.

Filipovi¢, M., Krunié, N., & Zhelenkova, E. (2022). Func-
tional dependence of settlements and its demograph-
ic component in the transition phase of the daily ur-
ban system. Journal of the Geographical Institute “Jovan
Cviji¢” SASA, 72(3), 323-339. https://doi.org/10.2298/1]-
GI2203323F

Friedmann, J. (1972). A General Theory of Polarized Devel-
opment. In N.M. Hansen (Ed.), Growth Centers in Region-
al Economic Development (pp. 82-107). New York: The Free
Press.

Fuyjita, M., Krugman, P., & Venables, A. (1999). The Spatial
Economy. Cities, Regions, and International Trade. Cam-
bridge: MIT Press.

Gabaix, X. (1999). Zipf's Law for cities: an explanation.
Quarterly Journal of Economics, 114(3), 739— 767.

Geyer, H. S. (2002). International Handbook of Urban Systems.
Studies of Urbanization and Migration in Advanced and De-
veloping Countries. Cheltenham: Edward Elgar Pub.

Giddens, A. (1995). The consequences of modernity. Cam-
bridge: Polity Press.

Giddens, A. (2002). Runaway World: How Globalisation is Re-
shaping Our Lives. London: Routledge.

Griffith, D. A. (2022). The United States Urban Hierar-
chy: An Update. Frontiers in Sustainable Cities, 4:852090.
https://doi.org/10.3389/frsc.2022.852090

Guerin-Pace, F. (1995). Rank-size distribution and the pro-
cess of urban growth. Urban Studies, 32(3), 551- 562.
https://doi.org/10.1080/00420989550012960

Horeczki, R., Ricz, S., Bilasco, S., & Szilagyi, F. (2023). Evo-
lution of urbanisation and metropolitan development
in Romania. Deturope, 15(2), 28-47. 10.32725/det.2023.011

Ioannides, Y. M., & Overman, H. G. (2003). Zipf's Law for
cities: an empirical examination. Regional Science and
Urban Economics, 33(2), 127-137. https://doi.org/10.1016/
S0166-0462(02)00006-6

Jefferson, M. (1939). The Law of the Primate City. Ge-
ographical Review, 29(2), 226-232. http://dx.doi.
org/10.2307/209944

Josié, H. & Zmuk, B. (2020). Can Croatian urban hierar-
chy be approximated with the Fibonacci sequence? An
analysis on historical population data. Ekonomska misao
i praksa, 29(1), 3-28.

Kaplan, D.H., Wheeler, ].0., & Holloway, S.R. (2014). Urban
geography. Hoboken: Wiley.

Kohl, J. G. (1841). Der Verkehr und die Ansiedlungen der Men-
schen in ihrer Abhingigkeit von der Gestaltung der Erdober-
fldche. [The traffic and the human settlements in their

Geographica Pannonica / Volume 28, Issue 4, 271—283 (December 2024)

dependence on the formation of the earth’s surface]
Dresden.

Kraji¢, A. (2013). Demographic features and functional
classification of settlements of Srem. Zbornik radova De-
partmana za geografyu, turizam i hotelijerstvo, 42, 14-27.

Krugman, P. (1996). Confronting the Mystery of Urban Hi-
erarchy. Journal of the Japanese and International Econo-
mies, 10(4), 399-418. https://doi.org/10.1006/jjie.1996.0023

KuS$ar, S. (2013). Analyzing the System of Settlements in
Slovenia: Traditional and Alternative Approach. Geo-
graphica Pannonica, 17(1), 14-25. https://doi.org/10.5937/
GeoPanl1301014K

Lee, H. W. (2017). The change of rank-size distribution un-
der the economic development in Korea. Journal of the
Korean Urban Geographical Society, 20, 45-57. d0i:10.21189/
JKUGS.20.2.4

Losch, A. (1954). The economics of location. New Haven: Yale
University Press.

Lukié, T., Bubalo-Zivkovié, M., Per¢an, B., & Jovanovié,
G. (2014). Population Growth in the Border Villages of
Srem, Serbia. Acta Geographica Slovenica, 54(1), 51-65.
https://doi.org/10.3986/AGS54103

Lung, M.S. (2019). Demographic changes in Carpathi-
an Mountain Space: Case study: Cities from Southern
Carpathians (Romania). Zbornik radova Departmana za
geografiju, turizam i hotelijerstvo, 48(1), 1-15. https://doi.
org/10.5937/ZbDght1901001L

Malmberg, A., & Maskell, P. (2002). The Elusive Concept of
Localization Economies: Towards a Knowledge-Based
Theory of Spatial Clustering. Environment and Plan-
ning A: Economy and Space, 34(3), 429—449. https://doi.
org/10.1068/a3457

Mitrici, B., Sageatd, R., & Grigorescu, 1. (2014). The Roma-
nian urban system — an overview of the post-commu-
nist period. Forum geografic, 13(2), 230-241. http://doi.
org/10.5775/fg.2067-4635.2014.179.d

Nared, J., & Razpotnik Viskovié, N. (2016). Somestja v
Sloveniji. Geografski vestnik, 88(2), 51-68. https://doi.
org/10.3986/GV88203

Nared, J., Bole, D., Breg Valjavec, M., Cigli¢, R., GoluZza,
M., Kozina, J., Razpotnik Viskovié¢, N., Repolusk, P.,
Rus, P., Tiran, J., & Cerni¢ Isteni¢, M. (2017). Central
Settlements in Slovenia in 2016. Acta Geographica Sloven-
ica, 57(2), 7-32. https://doi.org/10.3986/AGS.4606

Parr, J. B. (2002a). Agglomeration Economies: Ambiguities
and Confusions. Environment and Planning A: Economy
and Space, 34(4), 717-731. https://doi.org/10.1068/234106

Parr, J. B. (2002b). Missing Elements in the Anal-
ysis of Agglomeration Economies. Internation-
al Regional Science Review, 25(2), 151-168. https://doi.
org/10.1177/016001702762481221

Polése, M., & Denis-Jacob, J. (2010). Changes at the Top: A
Cross-country Examination over the 20th Century of
the Rise (and Fall) in Rank of the Top Cities in Nation-

| 282 |


https://doi.org/10.1515/phys-2015-0029
https://doi.org/10.1515/phys-2015-0029
https://doi.org/10.2298/IJGI2203323F
https://doi.org/10.2298/IJGI2203323F
https://doi.org/10.3389/frsc.2022.852090
https://doi.org/10.1080/00420989550012960
https://doi.org/10.1016/S0166-0462(02)00006-6
https://doi.org/10.1016/S0166-0462(02)00006-6
http://dx.doi.org/10.2307/209944
http://dx.doi.org/10.2307/209944
https://doi.org/10.1006/jjie.1996.0023
https://doi.org/10.5937/GeoPan1301014K
https://doi.org/10.5937/GeoPan1301014K
https://doi.org/10.3986/AGS54103
https://doi.org/10.5937/ZbDght1901001L
https://doi.org/10.5937/ZbDght1901001L
https://doi.org/10.1068/a3457
https://doi.org/10.1068/a3457
http://doi.org/10.5775/fg.2067-4635.2014.179.d
http://doi.org/10.5775/fg.2067-4635.2014.179.d
https://doi.org/10.3986/GV88203
https://doi.org/10.3986/GV88203
https://doi.org/10.3986/AGS.4606
https://doi.org/10.1068/a34106
https://doi.org/10.1177/016001702762481221
https://doi.org/10.1177/016001702762481221

Bojan Deréan, Dajana Bjelajac, Milka Bubalo Zivkovic,
Tamara Lukic, Dragica Gataric, Zorica Pogrmic

al Urban Hierarchies. Urban Studies, 47(9), 1843-1860.
https://doi.org/10.1177/0042098010372686

Popovi¢, V. (2020). Significance of functional organization
of settlements for development of primary rural settle-
ments in the City of ZajeCar. Zbornik radova Departma-
na za geografiju, turizam i hotelijerstvo, 49(1), 70-80. https://
doi.org/10.5937/ZbDght2001070P

Preston, D. A. (1975). Rural-Urban and Inter-Settlement
Interaction: Theory and Analytical Structure. Area, 7(3),
171-174.

Richardson, H. W. (1973). Regional growth theory. London:
MacMillan.

Rochefort, M. (1957). Méthodes d’étude des réseaux ur-
bains. Intérét de l'analyse du secteur tertiaire de la pop-
ulation active [Methods for studying urban networks.
Interest in the analysis of the tertiary sector of the ac-
tive population]. Annales de Géographie, 66, 354, 125-143.
https://doi.org/10.3406/ge0.1957.18262

Rochefort, M. (1959). Lorganisation urbaine de I'Alsace
[The urban organization of Alsace]. Linformation géo-
graphique, 23(2), 81-83.

Sassen, S. (2001). The global city. New York, London, Tokyo.
Princeton: Princeton University Press.

Sat, A. N. (2018). Monocentric or polycentric?: Defining
morphological structure of Nuts-2 regions of Turkey
from 2000 to 2016. Geographica Pannonica, 22(1), 1-13.
https://doi.org/10.5937/gp22-15726

Schaefer, G. P. (1977). The Urban Hierarchy and Urban Area
Production Function: A Synthesis. Urban Studies, 14(3),
315-326. http://dx.doi.org/10.1080/00420987720080651

Schmook, G. (1968). Wiskundig afgebakene ommelanden en
hinetrlanden van de Belgische steden op de basis van gesele-
ktioneerde diensten uit de tertiare sektor [Mathematically
delineated suburbs and hinterlands of the Belgian cities

Geographica Pannonica / Volume 28, Issue 4, 271—283 (December 2024)

on the basis of selected services from the tertiary sec-
tor]. Utrecht: KNAG.

Sennett, R. (1994). Flash and Stone: The Body and the City in
Western Civilisation. New York: W. W. Norton & Com-
pany.

Soja, E. W. (2000). Postmetropolis: Critical Studies of Cities
and Regions. Oxford: Wiley-Blackwell.

Soo, K. T. (2005). Zipf’s Law of Cities: A Cross Coun-
try Investigation. Regional Science and Urban Econom-
ics, 35(3), 239-263. https://doi.org/10.1016/j.regsciurbe-
€0.2004.04.004

Statistical Office of the Republic of Serbia — SORS. (2014).
Population, 2011 Census of Population, Households and
Dwellings in the Republic of Serbia, Industry, data by
municipalities and cities. Belgrade: Statistical Office of
the Republic of Serbia.

von Thiinen, J. H. (1930). Der isolierte Staat in Beziehung auf
Landwirtschaft und Nationalokonomie [The Isolated State
in Relation to Agriculture and Economics]. Jena: Verlag
von Gustav Fischer.

Vresk, M. (2002). Grad i urbanizacija: osnove urbane geografi-
je [City and Urbanization: An introduction to Urban Ge-
ographyl. Zagreb: Skolska knjiga.

Weber, A. (1929). Theory of the Location of Industries. Chicago:
The University of Chicago Press.

Yousuf, T., & Shah, S. A. (2014). An analysis of urban pri-
macy in Himalayan settlements: the case of Srinagar
City of Jammu & Kashmir. International Journal of Recent
Scientific Research, 5(9), 1670—1674.

Zivanovié, Z., Tosié, B., & Gatarié¢, D. (2020). Evaluation
of the urban regions of Serbia: Functional polycentric-
ity. Geographica Pamnonica, 24(2), 100-111. https://doi.
org/10.5937/gp24-23817

| 283 |


https://doi.org/10.1177/0042098010372686
https://doi.org/10.5937/ZbDght2001070P
https://doi.org/10.5937/ZbDght2001070P
https://doi.org/10.3406/geo.1957.18262
https://doi.org/10.5937/gp22-15726
http://dx.doi.org/10.1080/00420987720080651
https://doi.org/10.1016/j.regsciurbeco.2004.04.004
https://doi.org/10.1016/j.regsciurbeco.2004.04.004
https://doi.org/10.5937/gp24-23817
https://doi.org/10.5937/gp24-23817

	_Hlk106801950
	_Hlk169686190
	_Hlk169685904

