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Abstract: Contemporary scientific literature and strategic documents suggest the concept of polycentricity as
a key factor and the aim of regional development policies. One of the aims of this study is to analyze spatial
relations between the nodal regions and to determine (calculate) the level of polycentricity in the region of
Vojvodina (Northern Serbia). By quantifying spatial relations in the region (using selected methods), we
pointed out the relevance of regional development policies, i.e., the extent to which the proposed measures
for reducing regional inequalities are in line with the direction of contemporary spatial relations in the region
of Vojvodina. We have used four different methodological tools: rank-size rule, urban primacy index, index of
functional centrality, and commuting patterns (levels of functional dependence). The obtained results
identified the existence of morphological polycentricity, but also the growing domination of the cities of Novi
Sad and Belgrade in regulating and managing spatial and functional relations in the region of Vojvodina.
These results are not completely in line with the development directions declared in the strategic documents.
Our approach focuses on assessing the influence of the main nodal (sub)centers in managing further spatial
and functional relations in the region of Vojvodina.
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Introduction

The concept of polycentricity considers the existence of spatial distribution and functional
relations among multiple nodal centers in a particular region. Contemporary studies in regional
geography have shown that a high level of polycentricity exist in highly developed urban and
regional systems (Gonzalez-Gonzéalez & Nogués, 2016; Meijers & Burger, 2010). Burger, van der
Knaap, and Wall (2014) and Rauhut (2017) pointed out the functional synergy among
interconnected urban centers, as one of the basic benefits of polycentrism. Based on scientific
findings and their conclusions, the concept of polycentricity has become one of the most
important tools in regional development strategies, from micro to macro regional levels
(Giffinger & Suitner, 2015). It seeks to achieve two basic goals: to increase the spatial and
functional cohesion of the region and to reduce interregional developmental disparities.
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Contemporary science recognizes two types of polycentricity: morphological and functional
(Aydan, 2018; Burger, de Goei, van der Laan, & Huisman, 2011; Burger & Meijers 2012; De Goei,
Burger, Van Oort, & Kitson, 2010; Hanssens, Derudder, van Aelst, & Witlox, 2013; Salvati, Ferrara,
& Chelli, 2018; Van Oort, Burger, & Raspe, 2010, etc.). Morphological polycentricity basically
refers to the existence (plurality) and distribution of urban centers in a particular region, as well
as their ranking according to internal issues (number of cities in the region, population size of
the cities, the spatial distance between them, individual participation in certain economic
indicators of regional development, etc.). In other words, internal characteristics of urban
centers are in the focus of morphological approach, while all the connections and relations
between them are omitted. The tendency toward a balanced distribution and importance of all
urban centers in the regional development of certain area is the essence that distinguishes the
concept of morphological polycentricity from other theories dealing with spatial-functional
relations between the cities. On the other side, functional polycentricity of a specific region is
reflected in the consistency of connections and relations between the cities in the area. The
stronger relation in a specific region, the stronger polycentricity level is achieved. Different types
of interactions between the cities are taken as criteria for calculating functional polycentricity of
the region: daily commuting of labor, pupils and students, telephone connections, business
cooperation of certain economic subjects, traffic, trade, transport flows, etc. (Boussauw et al.,
2018; Burger et al., 2011; Konjar, Lisec, & Drobne, 2010; Olsson, 2016; Vasanen, 2013).

Vojvodina is a region characterized by a morphological polycentrism, with Novi Sad as the
largest and the first city in the urban hierarchy (Table 2 and Figure 2). On the other side, the
existence of a large number of cities at the second and third level in urban hierarchy (see chapter
Spatial-urban structure of Vojvodina region) represent an excellent basis for achieving a high
level of functional polycentrism. A balanced spatial distribution of urban centers may ensure the
overall development of the region i.e., may have a positive effect on the development of
underdeveloped sub-regions (Zivanovié, Togi¢, Nikoli¢, & Gatari¢, 2019). “Compared to the other
regions of Serbia today, Vojvodina has the best polycentric settlement network conditioned by
favorable morphological distribution of settlements, high degree of urbanization, low rate of
mobility of daily migrants, i.e., relatively good distribution of economic activities located in
smaller settlements, which keep people in local environment” (Neveni¢, 2013, p. 81). Kruni¢
(20123, p. 16) has come to similar conclusions: “A polycentric and territorially balanced network of
settlements was formed in the region of Vojvodina, in which Novi Sad took a central position,
while urban centers of subregional significance were formed at the regional periphery: Subotica,
Kikinda Zrenjanin, Vrsac, Pancevo, Sremska Mitrovica, and Sombor. These cities have a key role in
the process of differentiation and simultaneous integration of settlements system in the region of
Vojvodina, i.e., the basis of its polycentric development.”

This paper analyzes the structure of morphological polycentricity in the region of
Vojvodina, the level of achieved polycentric development, as well as the direction of further
territorial and functional evolution of the region. This paper uses different methodological
tools for calculating both types of polycentricity (morphological and functional): rank-size rule
method and urban primacy index, Schmooks’ model, for calculating functional centrality of
individual settlement, and determining functional dependency of individual settlement and
analyzing commuting pattern of the region.

The leading objective of the paper is to determine whether and to what extent functional
polycentrism is developed in the region of Vojvodina. In the strategic documents, polycentrism has
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been proclaimed as the most important tool in achieving the final goal of spatial development—
reduction of regional inequalities. The applied methodology and obtained results of this paper can
answer some of the important questions: whether and to what extent functional polycentrism is
achieved in the region of Vojvodina, whether and to what extent the objectives of the regional
spatial plans are in line with the actual directions of spatial and functional development of this
region, what are the most dynamic areas in Vojvodina region, which areas of this region need
proactive assistance of the State and Province for the purpose of economic and demographic
revitalization and reduction of its underdevelopment, etc. The authors will try to answer these
research question in the chapter Discussion and conclusions.

The reference strategic, planning, and development documents whose goals were compared
with the obtained results of this research are Spatial Development Strategy of the Republic of
Serbia: 2009-2013-2020 (Vlada Republike Srbije, Ministarstvo Zivotne sredine i prostornog
planiranja, 2009), Strategy of sustainable urban development of the Republic of Serbia until 2030
(Official Gazette of the Republic of Serbia, 2019), Regional Spatial Plan of Autonomous Province of
Vojvodina (Pokrajinski sekretarijat za urbanizam, graditeljstvo i zaStitu Zivotne sredine, 2011), The
Law on spatial plan of the Republic of Serbia from 2010 to 2020 (Official Gazette of the Republic of
Serbia, 2010), and Spatial Plan of the Republic of Serbia for 2021-2035 (Vlada Republike Srbije,
Ministarstvo gradevinarstva, saobracaja i infrastrukture, 2020).

Spatial-urban structure of Vojvodina region

Compared to the other regions of Serbia, Vojvodina has had different socio-historical
development. Until 1918, the region of Vojvodina was a part of Austro-Hungarian monarchy,
which had a clearly formulated policy of spatial and functional organization of this area. By
conducting a planned development there have been formed a morphologically polycentric
settlement network characterized by highly populated and functionally developed rural
settlements, as well as by a relatively large number of cities at a small spatial distance. With its
central position in the region, Novi Sad stands out as the dominant regional center (Curci¢,
1985). In the second half of 20th century, "urbanization process in the settlement network in
Vojvodina has conditionally taken place in two stages. The early stage, after the Second World
War until the beginning of 1980s, was characterized by polycentric polarization in which,
besides Novi Sad and Subotica, other towns/cities, equal by demographic size, were: Zrenjanin,
Pancevo, Sombor, Kikinda, and Vrsac. In the second stage, lasting longer that the first one, the
settlement network of Vojvodina has developed under the influence of monocentric
polarization in which Novi Sad has a dominant role, while other, once developed urban
centers, have begun to lag behind. This is particularly pronounced in towns in Banat: Kikinda,
Vrsac, and to some extent also Zrenjanin” (Kruni¢, 2012b, pp. 25-26).

In the focus of this research is a settlement, as the basic spatial unit of research. By applying the
selected research methods at the settlement level, the most precise data of the state of spatial-
functional relations in the region can be obtained. There are 467 settlements in Vojvodina region,
distributed in 46 municipalities, classified into two categories: urban and other. However, not all the
settlements have the same functional significance or role in the regional development process. As it
was pointed out in the Spatial Development Strategy of the Republic of Serbia: “The city is the
carrier of regional development in the Republic of Serbia” (Vlada Republike Srbije, Ministarstvo
Zivotne sredine i prostornog planiranja, 2009, p. 183), and as such it will be observed in this research
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as well. In the interpretation of the obtained results, special attention will be paid to the cities which
are marked as the centers of functional urban areas in all of the five relevant strategic documents.
These eight cities are classified into the three different categories of the hierarchy of functional

urban areas (Figure 1):
o Novi Sad—the center of functional urban area of international importance;

o Subotica, Sombor, Sremska Mitrovica, Zrenjanin, Pancevo, and Kikinda—the centers of functional
urban areas of national importance; and

o VrSac—the center of functional urban area of local importance.
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Figure 1. Spatial relationship of the largest cities and the most important roads in the region of
Vojvodina.

Functional urban areas are the basic territorial level of analysis and regional planning in the
development and strategic documents. These documents are objectives for the comparison with
the results of our research (the list of the strategic documents can be found in the next chapter).
The above mentioned eight cities, as carriers of regional development, will be in the focus of the
analysis of the obtained results, especially in the model related to the determination of the
functional dependence of the settlements. This model, in the most precise way, shows the degree of
the achieved and the directions of further development functional relations in the region. Since the
significant number of settlements in Vojvodina are located in the gravitational zone of Belgrade
(especially in the eastern and south-eastern Srem and southern west and west Banat) (Filipovi¢,
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2020), in the analysis of the spatial structure of Vojvodina special attention is going to be paid to
the functional influence of Belgrade in the studied area.

Methodology and data

For the purpose of this paper we have used four analytical methods, which represent an integral
part in the analysis of many researches in the field of regional geography and planning (Aydan,
2018; Bercan et al., 2017; Filipovi¢, 2020; Kruni¢, 2012a, 2012b; Neveni¢, 2013; Zivanovi¢ et al,, 2019).
The aim is to use those methods which will represent Vojvodina’s urban structure in the most
efficient way, as well as the horizontal (spatial) and vertical (functional) hierarchy of the settlements
and their interrelation. The final result of using these selected methods will show the extent to
which morphological and functional polycentrism has been developed and what are tendencies of
the past and the direction of the future development of spatial and functional relationships in
Vojvodina region. Methods that are used in this paper are: rank-size rule and urban primacy index,
Schmook’s model for the centrality of the settlements, and functional dependency model for
analyzing commuting patterns of the region. In the analysis, we were using (published and
unpublished) results of the 2011 Census of Population, Households, and Dwellings in the Republic of
Serbia (Statistical Office of the Republic of Serbia, 2013, 20144, 2014b, 2017, 2018).

Rank-size rule method and urban primacy index

Rank-size rule is one of the most applicable methods for calculating the level of morphological
polycentricity (monocentricity). It has been applied in urban geography since the 1960s. This
method provides information about the hierarchy of settlements in one administrative unit, usually
based on the analysis of demographic and economic data (Aydan, 2018; Burger & Meijers, 2012;
Dercan et al,, 2017; Sinclair-Smtih, 2015; Zivanovi¢ et al., 2019).

The rank-size rule method is based on a regularity observed in the distribution of settlements by their
population size (Zipf, 1949) according to which the probability of occurrence of a settlement of any size is
inversely proportional to its size (Zipf's law). According to rank-size rule method, it can be expected that
one city in a country or region, sorted by population size, is going to have as many inhabitants as the
largest city divided by the city's ordinal number in a ranking of cities. It is mathematically expressed by the
Equation (1):

Sn = Si/n (1)

where Sn is expected population of the city, S; is population of the largest city, and n is rank of
the city. By applying this method, the settlements are ranged from the largest to the smallest, and
the size and rank of population of each settlement are plotted on the y- and x-axis of the chart
using logarithmic scaling. The x-axis represents the logarithmic values of the ranking of the
settlement by size and y-axis represents the logarithmic value of the population number of the
settlement. The calculated values at the x- and y-axis are forming a straight line of regression, and
the inclination of this line (B) is used as a measure of the level of polycentricity/monocentricity. The
case that 8 = 1° is an ideal situation where the concentration forces are balanced with the

2 . . . "
Although the slope value is always negative, from the practical reasons there have been used positive values.
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decentralization forces (reference 8 value 1). Therefore, the slope of the regression line is compared
with the reference value. A flatter slope of the line (the slope S value < 1) indicates a polycentric
region, while a steeper slope of the line (inclination 5 value > 1) indicates a monocentric region
(Aydan, 2018; Burger et al., 2014; Meijers, 2008).

The index of urban primacy will be used to determine the morphological monocentricity/polycentricity
in the region of Vojvodina. In the developing countries, compared to the other cities in urban hierarchy,
the capital city stands out in terms of population size. This phenomenon was noticed even before the
Second World War and was called The law of the primacy city. It was explained as a consequence of the
political and economic situation in the country (Peréan et al, 2017, Zivanovi¢ et al,, 2019). There are two
ways to calculate this index. It is calculated as the ratio of the number of inhabitants of the first (Gy) and the
second (Gy) city according to the population size:

h=GvG; (@)

In the scientific practice, urban primacy index is often calculated as a ratio between the
population number of the first and the next three cities in urban hierarchy:

L= GGy + G3+ Gg) 3)

For the purpose of this research, urban primacy index will be calculated and analyzed for the
region of Vojvodina, and we are going to use formula 3. Urban primacy index is considered to be
pronounced if calculated value is greater than 2.

Schmook’s model for the centrality of the settlements

This model is based on the number and proportion of employees in the tertiary-quaternary sector
of economy. More precisely, this model calculates a deviation of employee’s participation in the
tertiary-quaternary sector of economy in the certain settlement from the same indicator at the
regional level. The pattern for the calculation is the following:

C = An - (TQn/An = TQr/Ar) 4)

where An is the total population in the settlement, TQn is the total of the economically active
population in tertiary-quaternary sector of economy in the settlement, TQr is the total of the
economically active population in tertiary-quaternary sector of economy in the region, Ar is the
total of the economically active population in the region (Peréan, 2014; Lazarevi¢, Ivanovi¢, Ristic,
Marjanovi¢, & Mili¢evi¢, 2020; Schmook, 1968). This method is used to determinate a variety of
features in regional urban network: level of development of the single settlement, the position of
the settlement in the functional hierarchy of the region, the importance of settlement in the spatial
integration of the surrounding area.

Functional dependency model for analyzing commuting patterns of the region

Analyzing the commuting system of a certain region is one of the most dominant methods in the
delineation of nodal region and determining its level of polycentricity. Daily migrations patterns
were used as one of a basic tool in determining the level of polycentricity in the UK, Sweden, the
Netherlands, Slovenia, Poland, Belgium, etc. (Banski & Czapiewski, 2015; Boussauw et al. 2018;
Burger et al., 2014; Karlsson & Olsson, 2006; Konjar, Lisec, & Drobne, 2010).
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In this paper, we have analyzed spatial commuting patterns in order to determine the dominant
direc tions of intraregional functional flows and whether or not functional polycentricity has been
established in the region of Vojvodina. We have used the model of functional dependence, i.e., the
classification of settlements in Vojvodina region according to the functional dependence from the labor
center. The centers of eight functional urban areas,

as well as the city of Belgrade, were observed as the Table 1 ) )

. . . Level of functional dependency from the working
main working centers toward which a large number centers
of daily mlgrants 'o.f quodma commute. Each " daily migrants Level of functional
settlement is classified into one of the seven (commuters) dependency
categories of functional dependence (Table 1). 70-100 Fully dependent
Functional dependence is calculated by comparing 50-70 Very strong dependency
the total number of daily migrants and the number 30-50 Strong dependency
of employees in the settlement. The percentages in 20-30 Medium dependency
Table 1 show the share of commuters in the total 10-20 Low dependency
number of employees in the settlement. This >-10 Very low dependency

0-5 Independent

method shows the extent to Whi,Ch population of a Note. Adapted from “Prostorno funkcijski odnosi
settlement depends on the function of work located /e | mresi naselja Vojvodine" [Spatial-

in another settlement (most often in one of the  fynctional relations and links in the network of
functional urban area’s centers). This model was first  settlements of Vojvodina], by N. Kruni¢, 2012a,
used by ToSi¢ (1999), and later it was used in University of Belgrade, Faculty of Geography,
modified forms for analyzing almost all the Belgrade, p.217.

settlements in Serbia (Filipovi¢, 2020; Kruni¢, 2012a;

Milosevi¢, 2016; Neveni¢, 2013).

Main goals of regional development in reference strategic documents

The obtained results will be compared with the guidelines and goals of regional development
prescribed in the planning documents. For precise understanding of planning and strategic
documents, some of their most important determinants will be presented here. The concept of
polycentricity is in the core of the planned regional development of all the five strategic documents.
The Spatial plan of the Republic of Serbia emphasizes the general principle of spatial development
"polycentric territorial development, with an emphasis on the role of cities and functional urban
areas, as well as strengthening relations between the village and the city” (Official Gazette of the
Republic of Serbia, 2010, p. 27). Solving a problem of uneven regional development in envisaged in
a similar way "by applying the principles of decentralization and polycentrism in which larger cities
as: Subotica, Sombor, Sremska Mitrovica, Kikinda, Zrenjanin, Pancevo, and Vrsac are going to have
the role of ‘development engine’ or focal points, around which smaller municipalities will be
grouped, forming development regions on the entire territory of the Vojvodina. The city of Novi
Sad will have the role of a development center at the intersection of corridors X and VII with the
assumed functional connection with the city of Belgrade, which will make this area one of the
‘gates’ in this part of Europe” (Official Gazette of the Republic of Serbia, 2010, p. 43). Polycentricity is
included as one of the basic principles of spatial development of Serbia in the draft of the Spatial
plan of the Republic of Serbia, until 2035.

Even in the most important regional spatial plan (Spatial plan of the Autonomous Province of
Vojvodina) polycentricity was chosen as a basic principle of spatial development. The main goal of
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the spatial development of the Autonomous Province of Vojvodina is: “sustainable spatial-functional
development based on the model of functional urban areas, which will be an instrument of more
balanced spatial development” (Pokrajinski sekretarijat za urbanizam, graditeljstvo i zastitu Zivotne
sredine, 2011, p. 83). The most important operational goals include (among others):

e networking of functional urban areas in aim of reducing regional development disparities;

e networking and better connecting the centers of functional urban areas; and

e networking and better connecting of functional urban areas on the territory of Vojvodina region

with the neighboring functional areas.

Similar development plans are formulated in the Spatial Development Strategy of the Rebublic
of Serbia: 2009-2013-2020 (Vlada Republike Srbije, Ministarstvo Zivotne sredine | prostornog
planiranja, 2009) and in the Strategy of Sustainable Urban Development of the Republic of Serbia
until 2030 (Official Gazette of the Republic of Serbia, 2019). The main goal of development of
functional urban areas in Serbia is to determine, organize, and connect functional urban areas as a
basis for balanced regional development (Vlada Republike Srbije, Ministarstvo gradevinarstva,
saobracaja i infrastrukture, 2020).

Results

Table 2 shows the ratio of the population number of the eight largest cities in Vojvodina region
(eight centers of the functional urban areas) in 2011, and the number of inhabitants that these
cities should have according to the idealized rank-size rule method. Novi Sad stands out
according to the population size and it is about two and a half times bigger than the first next
city in the urban hierarchy—Subotica. Subotica and Zrenjanin have fewer inhabitants than the
number provided by the rank-size rule, but from the fourth city in the hierarchy, a real number of
inhabitants is higher than “expected”. This ratio of the actual and hypothetical population
number indicates that the dominance of Novi Sad in the area of Vojvodina is not expressed to a
large extent, such as, for example, Belgrade in the hierarchy of urban centers in Serbia (Percan et
al.,, 2017; Zivanovi¢ et al., 2019).

Table 2

Rank-size rule method for eight largest cities in the region of Vojvodina in 2071
Serial City Population in 2011 Population agcording to the rank-
number size rule
1 Novi Sad 231,798 231,798
2 Subotica 97,910 115,899
3 Zrenjanin 76,511 77,266
4 Pancevo 76,203 57,949.5
5 Sombor 47,623 23,179.8
6 Kikinda 38,065 12,877.67
7 Sremska Mitrovica 37,751 8,278.5
8 Vrsac 36,040 2,897.48

Note. Data on population are adapted from Population census, 2011: Comparative overview of the number of
population in 1948, 1953, 1961, 1971, 1981, 1991, 2002 and 2071, by Statistical Office of the Republic of Serbia, 2014a
(https://pod2.stat.gov.rs/ObjavljenePublikacije/Popis2011/Knjiga20.pdf).

These assumptions were confirmed by the calculation of urban primacy index. For the region of
Vojvodina in 2011 it was 0.94. Higher than ,expected” population number, according to the rank-size
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rule method, in the cities of Pancevo, Zrenjanin, Sombor, Kikinda, Sremska Mitrovica, and Vrsac,
indicate a relatively balanced spatial distribution of the population in urban hierarchy, which is one of
the most important preconditions for achieving polycentricity (both morphological and functional).

14 Figure 2 shows the regression line

1 4 calculated on the basis of logarithmic

’\*\O\A\’_M values of the ranking of settlement by its
10 Pop = -0.8926 - rank + 12.268 size (y-axis) and population number (x-
8 R2 = 9639 axis). The slope of the regression (8
6 value) is calculated for eight cities that
4 are the centers of functional urban areas.
5 A value of 0.893 indicates that the eight
9 analyzed cities have morphological
polycentric structure. This domination of
Novi Sad is not so pronounced (according

Figure 2. The results of rank-size rule method. to this indicator), since [ value is very

close to the limit value (8 equals 1, see

chapter Methodology and data). The results of these two methods clearly depict the spatial-urban

structure of Vojvodina region—it is a morphologically polycentric region, with a mild demographic
domination of Novi Sad.

The same method for determining the level of morphological monocentricity/polycentricity
has been used in many other respective scientific researches (Adolphson, 2009; Meijers, 2008;
Parr, 2004). Adhering to this view, Burger and Meijers (2012, p. 1135) “use the rank-size
distribution of the nodality scores in an urban system to assess the degree of morphological
polycentricity and the rank-size distribution of the centrality scores in an urban system to assess
the degree of functional polycentricity (in the Netherlands). The major indicator is the slope of
the regression line that best fits these rank—size distributions. The flatter the slope of this line is,
the more polycentric the region. Conversely, the steeper the slope of this line is, the more
monocentric the region.”

According to Figure 3, one spatial regularity is noticed in the horizontal distribution of the
functional centrality of the settlements—the highest values of functional centrality are noticed in
the most developed settlements (cities), and in those characterized by a large number of
inhabitants. These settlements represent the cores of concentration for the most developed
industries and therefore tertiary and quarterly sectors of economy are the most dominated in it.
Novi Sad is distinguished from the other cities in the region by several times larger value of
functional centrality than the second city in the urban hierarchy. The values of the functional
centrality of Novi Sad is 18,884 index points, while the index of others centers of functional urban
areas has a several times lower value: Subotica (3,542), Pancevo (3,384), Sombor (1,493), Sremska
Mitrovica (1,438), Zrenjanin (1,211), Vrsac (361), and Kikinda (-178). Measured by the level of
functional centrality, Vojvodina belongs to the highly monocentric regions. High values of
centrality of sub-urban settlements of Novi Sad (Figure 3) are also a result of its polarization
effect. Because of the vicinity of Novi Sad, these settlements are in the zone of very strong
functional influence, which is confirmed by a large number of commuters (Figure 4) in the
structure of economically active population.

0 0.5 1 1.5 2 2.5
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Figure 3. The level of functional centrality of the settlements in the region of Vojvodina in 2011. Data used for
presentation of the results are from Population Census, 2011: Economically active population that perform
occupation, at the settlement level [Unpublished datal, by Statistical Office of the Republic of Serbia, 2017.

There are various forms of spatial-functional relations between the cities with high values of
functional centrality and their urban surroundings that are affecting the creation of a regional urban
system with emphasized hierarchy. There are several areas in Vojvodina with a small spatial
(horizontal) distance between the cities characterized by high value of functional centrality (south
Backa and northeast Srem). As a result of such spatial relationships in south Backa and northeast
Srem sub-regions a multi-nodal and functionally polycentric urban system has been created.
Northeast Srem is the only sub-regional territorial unit in Vojvodina, where the spatial continuum of
settlements with a high value of functional centrality has been achieved. On the other side, in east
and north Banat, as well as in the central and north Backa there are no spatially continuous urban
systems. These sub-regional units are characterized by monocentric, multifunctional development,
realized by the influence of a single, dominant city (Sombor, Subotica, Kikinda, and Vrsac).

Subotica and Sombor are the cities with a significant role in reducing uneven spatial development in
Backa sub-region. The high values of functional centrality of these cities indicate the existence of
sufficient functional capacity for sustainability and development of border areas toward Hungary and
Croatia. According to the level of functional centrality, Pancevo, Zrenjanin, and Vrsac are the most
developed cities of Banat sub-region and Sremska Mitrovica is the dominant settlement of Srem sub-
region. In the functional structure of Vojvodina region, all these cities represent sub-regional poles of
growth and development. Due to the large spatial distance among these cities, the interrelation
between them is functionally insufficient. The high values of functional centrality of Ruma, Novi Banovdi,
Nova Pazova, and Indija are of great importance for achieving functional polycentricity in the east Srem
sub-region. These settlements are located on the most dynamic developmental axis in Serbia, Novi
Sad-Belgrade. Spatial distance between Novi Sad and Belgrade is only 80 km, and the cities are
interconnected by highway, regional roads, railway, and the Danube River.
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Figure 4 shows the concentration of settlements with a high degree of functional dependence in the
vicinity of the largest urban centers. This is particularly present in sub-urban areas of Sombor, Subotica,
Kikinda, Vrsac, and partially Sremska Mitrovica. These cities and their surroundings are differentiated into
the independent functional urban areas, outside the influence zone of other cities. There is no
functionally more developed settlement within a 45-minute-drive radius, which makes them an
independent urban system—they do not have strong functional interaction with other urban systems.
Due to the long spatial distance and functional isolation from the main metropolitan area in Vojvodina,
spatial planners have significant challenges in implementing appropriate development policies that will
facilitate economic cooperation and connection between these isolated cities and others developed sub-
regions. In the example of these five cities the first discrepancy can be seen between the directions of
development prescribed in the strategic documents and the spatial reality in Vojvodina region. Strategic
documents envisage a “networking” of neighboring functional urban areas, but it is obvious that
possibilities for this type of spatial integration are minimal. Their mutual distance exceeds the strength of
their functional impact, which is the best seen in the fact that there are the zones of settlements with low
rates of functional dependence between them. Kruni¢ (2012b, p. 28) came to the similar results: “greater
zone of periphery has been created where the distance between centers is greater than their functional
capacities, e.g., to the south-west of Subotica—Kikinda line and in Zrenjanin—VrSac-Pancevo triangle.”
Such difficulties for reducing regional inequalities are also present worldwide. "While European spatial
planners often cherish this positive side of small and medium-sized cities (such as lower housing costs,
accessibility of green space, strong territorial identities, and feelings of belonging), the fear of not being
able to withstand the competition from large metropolises in the long run because of a lack of
agglomeration economies leads to a conundrum for planners” (Boussauw et al., 2018, p. 2).
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| dependency
|
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Figure 4. Commuters' direction and level of functional dependency of the settlements in the region of Vojvodina, in

2011 (the arrows in the figure show the dominant directions of daily migrations). Data used for presentation of the

results are from Population Census, 2071: Daily migrations of the active population [Unpublished data], by Statistical
Office of the Republic of Serbia, 2018.
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At the same time, in the spatial structure of Vojvodina we can distinguish several spatially
connected zones characterized by extremely high rates of functional dependence. These zones are
characterized by a high frequency of commuters. In the west-east direction, this zone consists of
the following subregional units:

o Southeast Srem—a part of the daily urban system of Belgrade. This part of Srem region includes
settlements of Pecinci and Ruma municipalities, which are partially functionally oriented toward
Belgrade (Filipovi¢, 2020);

e Gravity area of Novi Sad. This is the largest individual gravitational area in the region of
Vojvodina, elongated in the southeast direction, toward the city of Belgrade;

e East Srem—the most dynamic development axis in Serbia, the area between Belgrade and Novi
Sad. This zone is recognized as “the belt of the most intensive development, i.e., a unique
functional region created by influential spheres of the cities of Belgrade and Novi Sad” (Official
Gazette of the Republic of Serbia, 2010); and

e Southwestern Banat—an area in the triangle of Zrenjanin, Pancevo, and Belgrade. The
concentration of settlements with a high degree of functional dependency occurs as a
consequence of the overlapping of functional influences of these three cities.

These four sub-regional units represent the zone of the most intensive commuting in the region
of Vojvodina. Daily migrations from this zone are mainly oriented toward Novi Sad, Zrenjanin,
Belgrade, and Pancevo, so the phenomenon of functional polycentricity in the region of Vojvodina
can be discussed only in the quadrangle of these cities. The intensity of functional influence of these
cities in the 21st century shows a tendency of increase (Filipovi¢ 2020; Kruni¢, 2012a), which leads to
a stronger spatial overlapping of their functional influence.

The third spatial pattern of grouping of the settlements with a high rate of functional
dependence can be seen along important regional roads. They are characterized by a linear spatial
concentration and are especially noticeable in the north of Novi Sad, south of Subotica and the
southern Banat, between Panlevo, and VrSac. The linear concentration of a large number of
settlements with a share of daily migrants larger than 50%, in the territory northern of Novi Sad and
southern of Subotica is spatially coinciding with the direction of the highway E75. Pancevo and
VrSac are located on the most important international road in the subregion of Banat: Belgrade—
Timisoara, which affects the increase of the spatial mobility of the population of the settlements in
this area, as well as the appearance of high rates of functional dependence. This confirms the
concentration of population and economic activities along the most important roads in Vojvodina
region, which leads to the spatial integration under the influence of the largest urban centers.

Discussion and conclusion

Based on the obtained research results, it can be determined that the concept of polycentrism in the
region of Vojvodina is present in its morphological form. The polycentrism in Vojvodina is reflected in
the existence of a number of city centers, which generally function as independent urban systems. By
comparing the results of the rank-size rule method and the urban primacy index with the data from the
tables in the appendix, we can observe a uniform spatial distribution of the largest cities, with a slight
population dominance of Novi Sad. The value of urban primacy index of 0.94 confirms these claims.

In the spatial-urban structure of Vojvodina, Novi Sad stands out with its central position, as well
as the strongest gravitational influence zone (Figure 3). The values of the index of functional
centrality confirm the functional dominance of Novi Sad in the urban hierarchy of Vojvodina region.
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The functional influence of Novi Sad on the surrounding territory is so dominant, that this is the
only city whose functional effects influence the increase of the index of functional centrality in the
settlements of its suburban zone (see Figure 3). The values of this index for the other seven cities
indicate that they do not have sufficient functional capacity to affect a wider area of their
gravitational influence. This is particularly related to the cities of Sombor, Vriac, Sremska Mitrovica,
and Kikinda (the last mentioned city has negative values of functional centrality index, as a
consequence of the high share of primary and secondary activities in the economic structure).

In terms of the intensity of spatial relations represented by daily migrations, the zone in the
quadrangle of Novi Sad-Zrenjanin—Pancevo-Belgrade clearly stands out, compared to the other
areas in the region of Vojvodina (Figure 4). This part of the region is under the direct (simultaneous)
functional influence of the four mentioned cities, and this is why, in the terms of the direction of
daily migrations, we can talk about a certain type of functional polycentrism in this area. Although
the City of Belgrade is not located within the boundaries of the Autonomous Province of Vojvodina,
its functional capacity greatly influences spatial relations in this region (Filipovic, 2020; Matijevi¢,
2009). Previous researches (Filipovi¢, 2020; Kruni¢ 2012a; Matijevi¢ 2009) have proved the growing
influence of Novi Sad and Belgrade in the functional structure of Vojvodina. Spreading of functional
influence of these cities is expected in the following period, which will increase the regional
development inequality between this and the other areas in Vojvodina region. Interpreting the
obtained results, other parts of the regions will continue to develop in the same way as before:
independently, under the functional influences generated by individual nodal centers.

In the five analyzed strategic documents (listed in chapter Methodology and data), the
polycentricity is listed as a main model and a goal in the process of reducing regional development
inequality. In this kind of prediction of the direction of regional development, the problem lies in the
incomplete interpretation of the concept of polycentrism. None of the documents states which type of
polycentricity is discussed in it (whether morphological or functional, which are analyzed in detail in this
paper in the chapter Introduction). Morphological polycentricity is a static spatial category, derived from
the internal characteristics of settlements (population number, number of employees, economic
structure of population, etc.), and as such it cannot be the goal of regional development policies. On
the contrary, morphological polycentricity is a reflection of the “geographical reality” of the region. The
existence of morphological polycentricity, as it is presented in the region of Vojvodina, is a basic
precondition for the development of functional polycentricity. Due to such insufficient terminological
precision, the analysis of the defined and operational goals of strategic documents cannot answer
whether these goals have actually already been realized (given the existence of morphological
polycentricity in the region of Vojvodina), or have yet to be achieved (functional polycentricity)?

In order to achieve polycentricity, strategic documents especially emphasize the necessity to
interconnect the already existing functional urban areas. According to the strategic documents,
polycentricity will be achieved by networking of functional urban areas, which is also the basis for
balanced regional development. In addition to the fact that the networking of functional urban
areas is set as a goal of regional development, the strategic documents do not emphasize the ways
in which this type of spatial integration can be achieved. The analysis of spatial relations,
represented through the degrees of functional dependence of settlements, as well as the other
analysis on a similar topic (Percan, 2014; Filipovi¢, 2020; Kruni¢ 2012a, 2012b; Neveni¢, 2013) leads to
the conclusion that networking of functional urban areas is one more difficult goal to achieve.
Spatial-functional relations in Vojvodina, outside the quadrangle Novi Sad-Zrenjanin—-Panevo-
Belgrade, is taking place within the spatially individualized functional urban region created around
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the cities of Sombor, Subotica, Kikinda, Vrsac, and Sremska Mitrovica. The distance between these
cities is greater than the real possibility of their spatial-functional integration.

On the other side, there are areas in Vojvodina region that are outside the sphere of influence
of one of the eight functional urban areas. These areas are predominantly agricultural and
economically underdeveloped, without concrete steps towards the revitalization (area of eastern
and southern Banat, as well as northern Banat and eastern Backa-southwest of the line between
Subotica and Kikinda). When it comes to reducing regional inequalities in Vojvodina region,
strategic documents should pay much more attention to the socio-economic revitalization of these
passive areas, instead of predicting objectively unattainable scenario of spatial networking the
functional urban areas. In that sense, authors believe that in the process of the reduction of regional
development disparities in Vojvodina, it is crucial to create a more favorable economic environment
in the areas that are outside the influence zone of the functional urban areas. In that way, local
gravity centers (centers of local importance in Figure 1) would get the roles of microdevelopmental
nucleus and could influence the revitalization of their gravitational zone, as well as the spatial
unification of socio-economic component of the development in the entire region.
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