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Abstract: The classification of rural and urban areas presents an important topic both in scientific
research and in the practice of spatial planning, regional policy making, and territorial governance.
Taking into account the multidimensionality of these areas, this paper aims to provide a classification
framework design for rural areas in Serbia. After selecting the relevant indicators, which were
included to reflect the main demographic, economic, and physio-geographical characteristics of the
Serbian rural areas, multivariate analysis (principal component method and factor analysis) was
used to determine the main factors in the delimitation and classification of rural and urban areas.
The last step of the conducted methodology used cluster analysis (CA) that identified six types of
areas with similar characteristics. The results of this study and applied methodology can improve
the existing rural-urban classifications and help planners and policy makers in the adaptation of
strategic development documents.

Keywords: rural and urban areas; classification; multivariate analysis; framework; local level; spatial
planning; Serbia

1. Introduction

Due to the intensified processes of industrialization and urbanization, rural areas are
exposed to various types of natural and anthropogenic pressures which cause problems
with demographic, natural, and cultural resources [1,2]. These problems cause effects on
population characteristics in affected rural areas (e.g., income level, education, land-use
conflicts, migration, etc.) which is one of the main reasons why planners and decision
makers need to have adequate information [3]. Areas near urban centers are particularly
pressurized, where these impacts are exceptionally pronounced causing population trans-
formation and land-use changes [4,5]. Planning theory and practice are mainly focused on
urban areas, which means that rural areas are mostly neglected. As Beyazli et al. empha-
sized, there is a necessity to use rural planning approaches that address the physical and
social dimensions of rural areas in a holistic way, based on the principles of rural diversity,
efficiency, and sustainability [2]. In order to capture the diversity of rural regions in Serbia,
16 indicators were selected to reflect different aspects of Serbian rural areas.

In this paper, a classification methodology and framework for rural and urban area
delimitation in Serbia is suggested. Based on multivariate methods, a sixfold differentiation
of rural and urban areas was proposed. The possibilities of geographical information
systems (GIS) were used to map, detect, and describe the different types of areas obtained.
The main objective of this paper is to enhance traditional methods of classifying rural /urban
areas together with identifying areas with different character, with the aim of discovering
their potentials and limitations for planning purposes.
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2. Research Background

The issue of defining and classifying rural areas has been a long-standing debate [6-10].
In the classical sense, rural areas are characterized by four common characteristics: (1) low
population density due to the possibility of exploitation of local resources, (2) the domi-
nance of agricultural activities, (3) the link between population and natural environment
that affects identity formation, and (4) strong social ties established among residents marked
by belonging to a small group that is relatively stable, all the way to the initiation of migra-
tion [11]. There are numerous papers in contemporary literature that question the relevance
of the urban-rural dichotomy and try to define rural heterogeneity. The first responses
are related to the application of the model of the rural-urban continuum, which appears
initially in the works of Sorokin and Zimmerman [12]. The general assumption of this
model is that the socioeconomic status of the population decreases with distance from
cities [13]. Based on this model, Cloke (1977) [14] constructed a rurality index for England
and Wales. By applying this approach, it was found that rural areas can no longer be easily
defined based on land use or population characteristics, but he still worked on the as-
sumption that rural localities stand out from urban ones [15]. Although these models have
been criticized as one-dimensional and simplistic [13,16], they have encouraged a series
of studies based on the rural-urban continuum model. The rurality index was replicated
and later conducted by Cloke and Edwards (1986) [17] and Harrington and O’Donoghue
(1998) [18] for the same areas (England and Wales), as well as Spain [19,20], the Czech
Republic [21], and Slovakia [22]. The interest in this issue has been further intensified
by the efforts of international organizations to create a unique definition of rural areas
aimed at international comparisons and designed for monitoring their development. Thus,
the Organization for Economic Co-operation and Development (OECD) definition based
on one indicator—population density—[23] was considered insufficient to properly reflect
the heterogeneity of rural areas [24-27].

In recent decades, there has been an increased interest in the categorization and
mapping of rural areas. As Woods points out, the impetus to create revised and more
sophisticated typologies of rural and urban areas has been driven by the development of
spatial planning and the promotion of a territorial approach in development policies in
response to the marginalization of rural areas [15] (p. 11). The current definition applied by
Eurostat has been developed based on the revised OECD methodology and the degree of
urbanization [28]. The New Degree of Urbanization (DEGURBA) categorizes settlements
based on the population grid instead of the Local Administrative Unit level 2 (LAU 2)
boundaries [29]. The main advantages of using this new degree of urbanization are the high
levels of detail—a more precise classification that provides the possibility of monitoring
and harmonization with other concepts [30].

The availability of high-resolution data combined with GIS and statistical models has
provided a range of alternative approaches to defining rural and urban areas [13,24,25,31-35].
This research, starting from the model of rural-urban continuum that cannot traditionally
be observed through one dimension, attempts to capture the multidimensionality and
heterogeneity of rural areas by means of cluster analysis and selection of appropriate
indicators. According to Halfacree [36], the concept of an urban-rural continuum provides
flexibility in the categorization of settlements, as it allows rural characteristics to be found
in mostly urban places and it also allows for urban characteristics in rural places. Recent re-
search by Madsen et al. [3], Firoz et al. [37], and Pagliaci [38] confirms the application of
the rural-urban continuum in examining rural and urban areas.

3. Rural Areas in Serbia: Current State

Serbia is a predominantly rural country. According to the OECD criteria, rural areas
cover 85% of the total territory [39]. The research in rural areas in Serbia is hampered
by the lack of methodology for their identification. Official national statistics use legal
criteria to determine the type of settlement. According to these criteria, the settlement is
defined as urban according to the decision of the local authorities [40,41]. Settlements that
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are not covered by this criterion are classified in the category of “other”, which is highly
broad and vague. For example, in the category of other, there are villages with only a few
inhabitants and highly urbanized settlements in the vicinity of the metropolitan area of
Belgrade; therefore, it is difficult to detect and monitor changes both in rural and urban
areas. According to statistical data for 2011, about 40% of the total population of Serbia
lived in settlements that are not classified as urban. Figure 1 (left) illustrates the application
of the OECD criteria for the allocation of rural settlements (LAU 2) which is quite general
and insufficient to identify rural areas; additionally, it does not take into account natural
and social conditions in Serbia similar to the existing statistical (Figure 1 left) classification
where there are no clear criteria for their separation.
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Figure 1. Urban and rural areas according to the OECD (left) and statistical classification at the settlement level (right).

Figure 1 (left) shows urban and rural areas according to the OECD and the statistical
classification at the settlement level (right).

The need for an adequate definition of settlements is also highlighted in the Spatial
Plan of the Republic of Serbia from 2010 [39]. Without dealing with the problems of
settlement classification, this national strategy document singled out three types of rural
areas in Serbia at the NUTS 3 level (Nomenclature of Territorial Units for Statistics level 3).
The methodology of allocation of these areas is based on a combination of the OECD
criteria of population density and the basic structural characteristics and development
opportunities in the region. The fact remains that this methodology is not widely accepted
in planning practices in Serbia.

The concept of sustainable development has its background in international conven-
tions and directives and refers to development where spatial planning at the local level
plays a vital role in attempting the balancing of ecologic, social, and economic sustainabil-
ity [42,43]. It is important to have a better understanding of the sustainability of rural and
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urban areas. Classification of these areas with an adequate recognition of the nature and
aspects of rural and urban areas would be of great importance for creating future policies
aligned with sustainable development goals [44—46].

With the aim to overcome problems and limitations of the existing classification,
there were several recent studies trying to determine the main factors of rural areas and
classify the rural area of the entire Republic of Serbia. Bogdanov et al. [47] classified rural
municipalities into 4 different types based on 41 variables and statistics (using principal
component method (PCA) and cluster analysis (CA)). Martinovi¢ and Ratkaj [48] discovered
(also based on PCA) the 4 main components that can affect rural area classification based
on 15 different variables. Gaji¢ et al. [49] identified four factors and five types of rural and
urban municipalities based on 15 variables.

4. Study Area

The Republic of Serbia (Figure 2) covers an area of 88,361 km?, populated by 7,186,862 in-
habitants, according to the last census. The average population density was around
92 inhabitants per km?. Administratively, the territory of the country consists of two
autonomous provinces (AP) ((1) Kosovo and Metohija and (2) Vojvodina) and 174 local
self-government units (LSGUs) consisting of the City of Belgrade with a special status,
145 municipalities, and 28 cities. Each territory of the municipality/city is composed of
a group of settlements (populated places) that administratively belong to them (accord-
ing to the NUTS, settlement level in Serbia is comparable to the LAU 2). The network of
settlements on the territory of the Republic of Serbia consists of 6158 settlements. The last
census from 2011 covered 4709 (the area of Kosovo and Metohija was not covered by
the 2011 Census) settlements. According to the data of the 2011 census, out of the total
number of enumerated settlements, 4542 (97%) are classified in the category “other” which
refers to non-urban settlements. According to the statistical classification, 59.44% of the
population lived in urban settlements in Serbia, while the rest of the total population lived
in non-urban settlements (40.56%).

Although the share of the urban population is increasing, rural and peri-urban areas
have the largest number of settlements. Moreover, 90.69% of settlements in Serbia have
fewer than 2000 inhabitants and 25% of the population of Serbia lives in these settlements.
On the other hand, only one settlement—the settlement of Belgrade—has more than a
million inhabitants (1,166,763), which is 16.2% of the total population of the Republic of
Serbia. The dominance of Belgrade in the settlement network of Serbia causes a strong
spatial socio-economic polarization [50-52].

Vojvodina (plain, northern part of the country) has the largest share of medium and
large settlements (5000-10,000 inhabitants) as the most important agricultural area of
Serbia, while hamlets or very small villages (up to 100 inhabitants) are characteristic of
hilly and mountainous areas of southern, southeastern, and southwestern Serbia, making
up 20% of non-urban settlements in Serbia. The morphological characteristics of the terrain
have conditioned different possibilities for the origin and development of the settlement.
About 40% of the total number of settlements can be considered parts of mountainous areas.
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Figure 2. Study area.

5. Data and Materials

Different data sources were used for this research. Table 1 provides an overview,
description, and data sources for each of the selected variables. Although the data of
the Statistical Office of the Republic of Serbia [53] were mainly used for certain variables,
publicly available geospatial data were also used. In addition to the official statistics,
the European Settlement Map (ESM) database published in 2016 [54] was used to calculate
the population density. The same source combined with the digital elevation model
(DEM) [55] was used to derive average altitude where average altitude was calculated only
for built-up parts of the settlement [56]. Land cover data were derived from CLC 2018
databases [57]. For calculating accessibility, data from the Open Street Map (OSM) 2018 [58]
were derived and processed. For the indicator related to the availability of urban centers,
travel time was measured as a distance (travel time by car) and then, by overlapping the
settlements with the obtained service areas, a scale of weighted values from 1 to 4 was set,
depending on the total settlement area and the area that is within the scope of a particular
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isochron. The research included 4604 settlements of the Republic of Serbia. The study did
not cover settlements in the Autonomous Province of Kosovo and Metohija, due to the
absence of data in the 2011 census. Furthermore, the research did not cover 11 settlements
in which there were no inhabitants and 94 settlements for which the data were incomplete.
Urban settlements were included because of their heterogeneity. Some settlements have
urban settlement status but they do not meet urban standard criteria and, conversely, some
settlements with urban character do not have urban settlement status.

Table 1. Variables with description and data source.

No. Variables Description Data Source
1. Population Number of inhabitants [53]
2. Density Number of inhabitants per built-up area [53,54]

Population change Population change index between 2011 and 2002 [53]
. Share of agricultural areas
4 Agricultural land in the total surface of settlement (%) [57]
Share of land occupied by forests
> Forest area in the total surface of settlement (%) 571
6. Average altitude Average altitude of settlements built-up area [54,55]
7. Average household size Average number of households members [53]
- . Measuring travel time (by car) to the closest city
8. AcceSSIblhtyC:;:ge closest city center; travel time <15 min, 15-30 min, 3045, [58]
and >45 min. Research included 28 city centers
. Share of commuters
% Commuting in total number of employed population (%) (53,591
10 Population with secondary Share of population with secondary education in [53,50]
’ education total number in population aged 15 and over (%) o
1 Share of population with Share of population with tertiary education in total [53,50]
’ tertiary education number in population aged 15 and over (%) !
. . Share of occupied dwellings for permanent
12. Occupied dwellings habitation in total number of dwellings (%) [53]
Employment in secondary Share of employees in the secondary sector in total
13. N [53,59]
sector number of employed population (%)
. . Share of employees in the tertiary sector
14. Employment in tertiary sector in total number of employed population (%) 53,591
. Share of the population under 19
15 Young population in the total population (%) (531
Share of household with sources of income
16. Income from non-agricultural activities [53,59]
in total number of households (%)
6. Methods

The first step of the applied method involved the selection of relevant variables. The in-
dicators are formed to reflect the main demographic, economic, and physical geographical
characteristics of the rural area of Serbia. The choice of variables was directly influenced by
the research of Gaji¢ et al. [49] who implemented a similar methodology at the municipal
level in Serbia. It is important to note that the choice of variables was limited by the
lack of official data at the settlement level. Initially, 20 variables were included in the
study, but after correlation analysis, 4 variables that indicated the same phenomena with a
high level of correlation with other variables were removed. The final data set included
16 variables that best describe rural areas in Serbia (Table 1).
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Primarily, 17 settlements with more than 50,000 inhabitants were removed, which ac-
cording to all indicators have the characteristics of urban settlements. Other urban set-
tlements were retained in the analysis with the aim of obtaining a more realistic view
and heterogeneity of the urban-rural continuum. Therefore, further analysis included
4587 settlements.

The first step of the applied methodology (Figure 3) included the method of mul-
tivariate analysis. Multivariate analysis is widely used in spatial research as well as in
rural research and delimitation [3,14,17,18,31,49,60-72]. In this study, factor analysis (FA)
was used, which relies on the principal component method (PCA) to identify key factors
that describe rural areas. The PCA is an exploratory statistical method for synthesizing
information with the aim of reducing the number of variables. The goal of this method is
to reduce the number of variables with minimal loss of information [69]. Basically, the PCA
represents the extraction of factors of a reduced set of variables that explain most of the
variance from the data set [70,73].

3 Initially
20 variables

Indentifying key i
variables

Result:
16 variables

L

Mulitivariate
—>» statistical analysis
(PCA and FA)

Indenfication
of factors
> Result:
4 Factors

v

—>»  Cluster analysis

Classification i
of rural areas

Result:
» 6 types of rural and
urban areas

Figure 3. Research methodology design. Principal component method = PCA, factor analysis = FA.

The dataset from Table 1 proved to be appropriate for PCA, according to the Kaiser—
Meyer—Olkin (KMO) measure of sampling adequacy and the Bartlett test of sphericity.
The significance of the Bartlett test (p < 0.001) and the high KMO value (0.874) justified the
adequacy of the factor analysis in the next step.

Factor analysis was performed for 16 variables using PCA with Varimax rotation.
Based on the obtained eigenvalues (greater than 1), four key factors were defined that
describe rural areas in Serbia and explain 70.4% of the total model variance. With the aim
of classifying settlements in Serbia with similar characteristics, cluster analysis (CA) was
conducted as the final step of the applied methodology. The non-hierarchical k-means
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clustering method with a predefined number of clusters was applied in the study. A GIS
was used to map clusters and detect spatial patterns of different types of rural areas.

7. Results

Table 2 represents the structure of the components in the rotated component matrix.
For clear interpretation, all four factors were named based on the leading variables within
the set.

Table 2. Factor loadings (values in bold show the largest loading of each variable in one factor).

1 2 3 4
Demographic Land-Use Population
Employment Capacity Intensity Characteristics
Commuting 0.878 0.195 0.194 0.000
Share of
employees in the 0.813 0.274 0.082 0.048
secondary sector
Share of
employees in the 0.749 0.208 0.200 0.373
tertiary sector
Share of
population with 0.701 0.244 0.256 0.370
secondary
education
Income 0.697 0.181 0.115 0.483
Average
household size 0.126 0.905 0.092 —0.040
Share of young 0.183 0.872 0.098 0.093
population
Share of
occupied 0.219 0.665 0.244 0.199
dwellings
Population
0.377 0.613 0.191 0.175
change
Share of 0.109 0.279 0.885 0.033
agricultural land
Share of forest —0.070 —0.264 —0.830 —0.187
area
Average altitude —0.378 —0.039 —0.731 —0.123
Accessibility to
the closest city —0.394 —0.020 —0.474 0.016
center
Population 0.050 0.051 0.141 0.845
Share of
population with 0.345 0.061 0.135 0.724
tertiary
education
Density 0.097 0.296 —0.328 0.420

The first factor is the most important because it includes five variables and explains
41.2% of the total variance. This factor is characterized by high loadings from commuting
and employment in the secondary and tertiary sector, which, together with loading scores
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connected to population with secondary education and income, can be described as a factor
which is related to employment.

From the four variables included in the second factor, average household size and
young population have high factor loadings, while the share of occupied dwellings and
population change have a lower factor score. Therefore, the second factor, which describes
11.2% of the total variance, is characterized and named demographic capacity.

The third factor, named land-use intensity, describes 10.6% of the total variance.
This factor includes the four variables related mostly to land cover and natural characteris-
tics. Three of them have high factor loadings (agricultural land, forest area, and average
altitude) and accessibility to the closest city center showed a lower value (0.474). Despite a
lower score, accessibility to the closest city center is retained as it represents an important
element of rurality. The existence of a strong negative correlation can be noted between
the variables’ share of agricultural areas with other variables within this factor. In addi-
tion, variables named forest area and average altitude have a negative correlation with all
other factors.

The last three variables, which describe 7.4% of the total variance, are included in
the fourth factor, named population features. This factor consisted of the three main
variables: total population and population with tertiary education with high factor scores
and population density, which showed lower factor loading. Population density shows a
negative correlation with the factor named land-use intensity. It is important to point out
that the variable related to income also shows a high loading score in this factor, which is
greater than population density.

The results of the cluster analysis are presented in Table 3. The values in the table show
the relationship between factors and clusters. Based on the obtained results, six clusters
were defined (Figure 4), where two describe urban areas.

Cluster 1 includes 1081 settlements on the rural periphery, inhabited by only 2% of
the total population of Serbia. Settlements belonging to this cluster cover around 23% of
all settlements, which are characterized by extremely negative demographic tendencies.
The negative correlation with all defined factors indicates that the opportunities for the
development of these areas are greatly reduced. These areas include hilly-mountainous
and border areas of southern, southwestern, and eastern Serbia, while they do not exist in
the northern and central parts.

Cluster 2 includes 508 settlements and represents demographically and economically
weaker rural areas. This cluster covers around 2% of the total population and around 11%
of all settlements and it can be considered part of a cluster of rural periphery with slightly
favorable values of individual variables. The factor related to demographic capacity is the
only one with positive correlations with this cluster. These areas are mostly present in parts
of southwestern Serbia and sporadically in parts of southeastern and eastern Serbia.

Table 3. Final cluster centers.

Cluster
1 2 3 4 5 6
Peripheral Economically Agricultural Sustainable Towns and -
Weaker Cities
Rural Areas Areas Rural Areas Suburbs
Rural Areas
Employment —0.59234 ~0.80630 ~0.39989 10.26780 0.67701 ~0.83782
Demographic ~10.09263 10.48044 0.18882 0.10195 0.05990 ~0.28918
capacity
Land-use —0.69632 ~10.12602 0.90193 ~0.08225 0.02467 0.51272
intensity
Population ~0.17800 —0.08442 ~0.16381 ~0.19387 20.47195 70.11401

features
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Cluster 3 (agricultural areas), with 1547 settlements, covers almost a third of the
settlements in Serbia and 16% of the total population. The third factor and variables
related to land use had the greatest influence on the formation of this cluster. The neg-
ative correlation with the first factor indicates that these settlements are predominantly
agricultural settlements in which the highest income is generated in agricultural activities.
The largest representation of these settlements is related to the traditional agricultural areas
of AP Vojvodina and the Mac¢va region, while in Central Serbia they are related to lowland
agricultural areas that are oriented towards local agricultural production. In eastern and
southern Serbia, the position of these settlements is predisposed to natural characteristics
and they are mostly located in river valleys. In southwestern and southeastern Serbia,
these areas are not present due to natural constraints.

Cluster 4 is part of the rural area of Serbia and includes 1240 settlements, that is,
27% of all settlements and 15% of the total population of Serbia. These settlements are
exposed to negative demographic trends, but the possibility of their revitalization is still
possible, which shows a positive correlation with factors related to employment and
demographic capacity. From the aspect of their revitalization, they can be considered
sustainable. The spatial layout reveals that these areas are primarily adjacent to urban
centers, as well as areas along major roads with developed daily migration and greater
economic diversification of activities. These settlements follow the flows of urbanization
and their development and dynamics are directly related to urban centers in terms of their
production and socio-economic context.

The next cluster 5 on the rural-urban scale consists of 173 settlements that have a high
level of urbanization. This cluster covers around 15% of the entire population and around
4% of all settlements. This group of settlements has a high degree of urbanization which
is lower compared to the next described group of settlements which are part of cluster
6. This cluster consists of small- and medium-sized cities in all parts of Serbia, as well as
typical suburbs around the largest urban centers—Belgrade and Novi Sad. Similar to the
urban cluster, the variables such as total population and the share of the highly educated
population had the greatest influence on the formation of these clusters as well as the
variable of population density but with a smaller share.

Cluster 6 includes 38 settlements that, according to selected indicators, represent
urban areas (cities), and they should be observed together with 17 settlements that were
excluded at the beginning of the analysis, even though their total population is fewer than
50,000 inhabitants. This cluster includes half of the population of Serbia and covers less
than 2% of all settlements. The fourth factor, called population features, had the greatest
influence on the formation of this cluster, while the influence of other factors was negligible.
These settlements are present in all areas in Serbia and have the most favorable average
values of all indicators.

8. Discussion

This study gives analyses of spatial structure and patterns of rural areas in Serbia.
Based on the obtained results, a spatial classification of rural and urban areas in Serbia has
been proposed. The study included urban areas as well, although the primary focus of
the study was on the rural areas. Such an approach has enabled a real perception of the
rural-urban relations in space.

Through multivariate and GIS analysis, six types of areas were identified and analyzed
according to their spatial distribution. This analysis was conducted at the lowest local
level (level of settlement) which resulted in the differentiation of six types of rural and
urban areas.

In general, the obtained results correspond well with similar studies conducted in
Serbia [47-49], confirming that rural areas are very diverse regarding their demographic,
economic, natural, and functional characteristics. However, those studies are presented
on a broad spatial scale (cities and municipalities) and they included different variables;
therefore, they are not completely comparable.
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Compared to previous research by Gaji¢ et al. [49], some findings in this study deviate
significantly at the low-level scale; for example, variables that reflect land-use intensity have
less significance. However, variables related to employment still remain the most important.
The research could be improved with additional variables related to environment or life
quality, which are not considered due to a lack of data on the settlement level.

It is important to emphasize that due to different aspects of rurality and spatial
characteristics, rural heterogeneity must be observed for each country individually. Some of
the variables can be applied in countries with similar natural and socio-economic conditions
as in Serbia, but others may not be relevant as they do not properly reflect the rural concept
of those countries, which then implies the inclusion of other variables.

In the context of a spatial planning framework and its implications, which is a sec-
ondary objective of this study, this research provides a fine-grained scale of rural and urban
areas. This detailed classification based on a high number of variables allows for distin-
guishing settlement types and making decisions within municipality borders. Based on the
obtained results, it is possible to determine the main features of rural areas and propose
planning measures. Additionally, the choice of the indicators allows planners to capture
the main urbanization flows at the local and regional level [3].

The most significant contribution of this study is that it covered all of Serbia, includ-
ing almost all urban and rural settlements (for which data exist on a settlement level) that
had not previously been processed in this type of research.

9. Conclusions

As it has been pointed out, rural areas are very diverse with no universal definition.
The presented methodology aims to contribute to the design of a classification frame-
work for rural areas that share similar characteristics as a useful tool for decision-making
processes. The applied approach captured the multidimensionality of rural areas with
high levels of detail. The typology can serve as a basis for creating concrete studies of
rural development in the context of sustainable development. Spatial differentiation of
rural and urban areas also enables the formation of individual instruments for monitor-
ing or stimulating the development of the specific area in accordance with their specific
needs. Recognizing different types of rural and urban areas at the local level represents
an important step in spatial planning towards sustainable development. The proposed
methodology can represent an important advantage over traditional classifications and
could be beneficial for spatial planners and policy makers.
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