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Abstract: Peri-urban zones are characterized by intensive spatial and functional transfor-
mations driven by the interplay of urban expansion, agricultural restructuring, and landscape
change. As part of Belgrade’s peri-urban belt, the Municipality of Grocka has undergone pro-
nounced land-cover transformations, particularly along major transport corridors and in set-
tlements with strong functional links to the metropolitan core. This study analyzes land-cover
change in 1990—2018 using CORINE Land Cover (CLC) data and GIS-based spatial analysis,
with emphasis on agricultural-to-built-up conversions and structural shifts within agricultural
categories. The results indicate a decline of cultivated land and complex cultivation mosaics,
alongside a continuous increase in residential and industrial/commercial land, reflecting sus-
tained peri-urbanization pressures. To capture post-2018 spatial patterns, the long-term CLC
assessment is complemented by a Sentinel-2—based 10 m land cover dataset (Esri / Impact
Observatory), derived from Copernicus imagery for 2018 and 2024, used strictly as a supple-
mentary snapshot of recent dynamics and internal heterogeneity rather than as a direct exten-
sion of the CLC time series. The findings highlight the complexity of peri-urban land-cover
transformations and underscore the need for integrated spatial planning and agricultural land
protection measures that balance development pressures with the preservation of productive
land and landscape functions.
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Introduction

The preservation and rational use of soil resources are fundamental to the functionality of
agroecosystems, the spatial stability of rural areas, and long-term ecological sustainability
(Bouma, 2014; FAO & ITPS, 2015). Land cover, as an integral element of the geospatial
framework, reflects the dynamics of both natural and social processes (Milin¢i¢ et al., 2013),
with its structure determined by the interaction between physical-geographical conditions,
demographic trends, and economic activities (Foley et al., 2005; Keesstra et al., 2016).

Changes in land cover may result from urbanization, agricultural diversification, in-
dustrialization, and climate change (Mihajlovi¢ et al., 2024a), as well as socio-economic
processes such as population redistribution, land-use conversion, or the restructuring and
abandonment of agricultural production systems (IPBES, 2018; Rockstrom et al., 2021). In
peri-urban zones, where urban and agricultural functions overlap spatially and function-
ally, these processes are particularly pronounced and often lead to accelerated land-use
competition, progressive soil resource degradation, increased landscape fragmentation,
and functional instability of agroecosystems (Gatari¢ & Percan, 2024; Simoncic et al.,
2024).

In the context of Belgrade, peri-urban space is commonly understood as a transitional
and heterogeneous zone shaped by intensive land-use competition, functional dependence
on the urban core, and accelerated conversion of agricultural land under suburbanization
pressures (Spalevi¢, 2013; Gatari¢ & Dercan, 2024). However, the delineation of peri-urban
areas is neither uniform nor universally standardized, as it depends on the analytical crite-
ria and spatial indicators applied. In this study, the peri-urban character is operationalized
through a combination of three interrelated criteria: (i) functional linkage to the metropol-
itan core of Belgrade, (ii) dominant land-cover transition patterns—particularly agricul-
tural-to-built-up conversions and internal restructuring of agricultural land, and (iii) de-
mographic pressures reflected primarily in changes in household structure, ageing trends,
and migration-driven population redistribution, rather than absolute population growth.

As a peri-urban area of Belgrade, the Municipality of Grocka represents a space where
long-standing agricultural patterns intersect with dynamic urban influences, resulting in
significant land-cover changes over recent decades. Historically recognized for viticulture
and fruit growing, the area today faces pressures from urban expansion and the ongoing
restructuring of agricultural activities, accompanied by partial land abandonment and
functional transformation of rural space. The consequences are reflected in alterations of
landscape structure, a reduction and fragmentation of productive agricultural land, and in-
creasing spatial heterogeneity, posing challenges for land resource planning and manage-
ment. At the same time, settlement-level geospatial analyses indicate pronounced internal
differentiation within the municipality, revealing contrasting development trajectories be-
tween predominantly agricultural settlements and those undergoing rapid urbanization
and functional restructuring (Mihajlovi¢ et al., 2026).

Understanding the spatial patterns and cause effect relationships of these changes in
Grocka enables a better comprehension of the broader processes shaping peri-urban areas
in Serbia and provides a foundation for developing measures aimed at protecting and im-
proving agroecosystems (Spalevi¢, 2013; Pejnovié et al., 2015). Recent assessments of agri-
cultural sustainability further demonstrate that land-cover change, demographic dynamics,

334



and infrastructural accessibility jointly condition spatial differentiation and functional vul-
nerability across settlements, underscoring the relevance of land-cover analysis as a meth-
odological entry point in peri-urban research (Mihajlovi¢ et al., 2026).

The analysis of land cover using the CORINE Land Cover (CLC) database and GIS tools
enables the quantification and cartographic representation of changes, as well as the link-
age of transformation types with their causal factors (Bossard et al., 2000; Biittner, 2014;
Mihajlovié et al., 2024b). Within this analytical framework, CLC data are employed as a
harmonized reference source for identifying long-term land cover trends (1990-2018),
while the analysis is further complemented by a Sentinel-2—based 10 m land cover dataset
(Esri / Impact Observatory), derived from Copernicus imagery for the period 2018—2024,
in order to capture contemporary and short-term spatial dynamics characteristic of peri-
urban environments.

Materials and Methods

The analysis of geospatial changes in land cover in the Municipality of Grocka was based
on an integrated remote sensing and GIS-based methodological framework, combining
multi-temporal CORINE Land Cover (CLC) data with supplementary satellite-derived land
cover information for the post-2018 period. The core long-term analysis relied on multi-
temporal processing of harmonized CLC datasets provided by the European Environment
Agency (EEA, 2020) for the reference years 1990, 2000, 2006, 2012, and 2018, enabling
the identification of structural and long-term land cover transformations over an extended
temporal horizon.

The CLC database is produced through the interpretation of satellite imagery following
a standardized and unified methodology applied across the European territory, using the
third level of thematic classification (Level 3). The nominal scale of the dataset is 1:100,000,
with a minimum mapping unit of 25 ha, a minimum mapping width of 100 m, and a geo-
metric accuracy of £100 m (Biittner et al., 2004; Nestorov & Proti¢, 2006). These technical
characteristics ensure regional consistency and temporal comparability, making CLC data
particularly suitable for identifying long-term land cover trends, while simultaneously lim-
iting their capacity to capture fine-scale, parcel-level, or short-term land-use changes char-
acteristic of peri-urban environments.

Data processing and spatial analysis were performed using GIS software (QGIS 3.28),
while geostatistical calculations and indicator-based analyses were conducted in MS Excel.
The CLC-based analysis focused on land cover categories that most directly reflect agroe-
conomic restructuring, ecological processes, and urbanization pressures in the peri-urban
area, including;:

—  Agricultural land categories (codes 211 — non-irrigated arable land, 221 — vineyards,
222 — fruit trees and berry plantations, 242 — complex cultivation patterns),

—  Built-up and urbanized areas (codes 112 — discontinuous urban fabric, 121 — industrial
or commercial units, 131 — mineral extraction sites, 132 — dump sites),

—  Semi-natural and natural areas (codes 231 — pastures, 243 — land principally occupied
by agriculture with significant areas of natural vegetation, 311 — broad-leaved forest,
313 — mixed forest, 324 — transitional woodland—shrub, 411 — inland marshes, 511 —
water courses).
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Land cover changes were analyzed for four successive time intervals (1990—2000,
2000—2006, 2006—2012, 2012—2018) using a set of quantitative indicators: relative
change in category area (Index of Change, ACLC), average annual rate of change expressed
in km2 (ARC), and the share of absolute change in relation to the total area of the munici-
pality (Category Change Index, CCI) (Stathopoulou & Cartalis, 2007).

The relative change in category area for a given interval was calculated as:
ACLC= (Atz = Atl)/Atl X 100 (1)

where At1 and At2 represent the area of the category at the beginning and end of the
analyzed interval, respectively.

The Annual Rate of Change (ARC), representing the average annual change in area
(km?2), was calculated as:

ARC = (A — Atl)/ (ta —t1) (2
where t1 and t2 denote the starting and ending years of the observed time interval.

The Category Change Index (CCI), expressing the share of absolute change relative to
the total municipal area, was calculated as:

CCI= |At2 - At1|/Atota1 X 100 (3)

A Matrix of Land Cover Transitions was constructed for each time interval to identify
the dominant transformation pathways between land cover categories (e.g., 221 — vineyards
— 112 — discontinuous urban fabric), enabling a more detailed interpretation of conversion
processes.

To assess land cover transformations within a broader socio-demographic context, de-
mographic data from the Statistical Office of the Republic of Serbia for the census years
1991, 2002, 2011, and 2022 were integrated into the analysis. The Demographic Change
Index (DPI) was calculated as:

DPlii-to= (Pto — Pu)/ Pux 100 @)

where Pt1 and Pt2 represent population indicators for the selected census years. This
indicator enables a comparative interpretation of demographic dynamics and land cover
change, particularly in areas exposed to urban expansion, depopulation processes, and
deagrarianization.

To complement the CLC-based long-term analysis and to capture more recent spatial
dynamics after 2018, a supplementary land cover assessment was conducted using a Senti-
nel-2—based 10 m land cover dataset (Esri & Impact Observatory, 2024), derived from Co-
pernicus Sentinel-2 imagery (European Space Agency [ESA], 2015) for the reference years
2018 and 2024. This dataset represents an Al-based classification product generated from
multispectral Sentinel-2 imagery and provides consistent annual land cover information at
a spatial resolution of 10 m.

Given that the dataset is provided as a pre-classified land cover product, no independ-
ent supervised classification was performed. The analysis included spatial subsetting to the
administrative boundary of the Municipality of Grocka and quantitative surface calcula-
tions within the GIS environment. The resulting thematic classes included Water, Trees,
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Crops, Built-up Area, Rangeland, Flooded Vegetation, and Clouds, with cloud-covered pix-
els excluded from further interpretation. Due to differences in spatial resolution (10 m ver-
sus the 25 ha minimum mapping unit of CLC), classification logic, and data production
methodology, Sentinel-2—based results were not directly merged or numerically compared
with CLC categories but were used exclusively as a complementary interpretative layer for
post-2018 dynamics.

The limitations of the applied methodology primarily relate to the spatial and temporal
resolution of the CLC dataset. The minimum mapping unit of 25 ha, combined with the frag-
mented parcel structure typical of Serbian agriculture, may lead to the underrepresentation
of small-scale and dispersed agricultural changes. Additionally, thematic generalization and
classification uncertainty may affect the detection of specific crop types or short-term land
management practices (Biittner et al., 2004; Nestorov & Proti¢, 2006).

With respect to the Sentinel-2—based dataset, limitations include algorithm-based
classification uncertainty, potential spectral confusion between vegetation classes, and sea-
sonal variability at the time of image acquisition, which may constrain detailed land-use
attribution in heterogeneous peri-urban environments.

To enhance the robustness of interpretation, the results of the land cover analysis—
based on both long-term CLC datasets and supplementary satellite-derived observations—
were examined in relation to the official planning framework, primarily the Spatial Plan of
the Municipality of Grocka (2012), which defines land-use priorities for construction, agri-
cultural, and forest areas. This triangulation of multiple data sources, integrating multi-
temporal CLC data, satellite-derived land cover assessments, demographic indicators, and
spatial planning documentation, enables a more comprehensive and context-sensitive in-
terpretation of land cover transformations in the peri-urban environment.

Results

Spatial Changes in Land Cover (CLC)

The analysis of the CLC time series (1990, 2000, 2006, 2012, 2018) in the Municipality of
Grocka reveals a clear pattern of urban expansion, structural transformation of agricultural
land use, and partial natural forest succession. The following section presents a synthesis
of changes in the most representative classes for the 1990—2018 interval, with estimates of
relative change (ACLC), annual rate of change (ARC), and the share of absolute change in
relation to the total area of the municipality (CCI), providing a consistent long-term frame-
work for interpreting land cover dynamics in the peri-urban zone.

Changes in the land cover structure have been driven not only by general urbanization
trends but also by specific local factors historical orientation toward agriculture (with an
emphasis on viticulture and fruit production), migration waves in the early 21st century,
proximity to Belgrade, and a favorable location along major transportation routes.
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Table 1. Changes in land cover in the Municipality of Grocka, 1990—2018, according to the CLC da-

tabase
Code Name 1990. | 2000. | 2006. | 2012. | 2018.
km?2 km?2 km?2 km?2 km2
112 Discontinuous urban fabric 31,44 | 32,54 | 33,38 | 35,16 | 35,15
121 Industrial or commercial units 0,83 | 0,89 1,21 1,36 1,60
131 Mineral extraction sites - - - 0,26 0,25
132 Dump sites 0,45 0,43 0,44 | 0,44 0,52
211 Non-irrigated arable land 26,96 | 29,40 | 19,05 | 7,22 7,22
221 Vineyards 7,10 7,15 5,45 5,12 5,12
222 Fruit trees and berry plantations 20,76 | 21,47 | 45,74 | 59,21 | 59,22
231 Pastures 2,24 | 2,60 2,22 1,43 1,45
242 Complex cultivation patterns 92,52 | 97,30 | 71,06 | 66,16 | 66,14

Land principally occupied by agri-
243 culture with significant areas of 84,79 | 84,32 | 84,56 | 85,76 | 85,68
natural vegetation

311 Broad-leaved forest 14,93 | 16,34 | 18,50 | 19,73 | 19,73
313 Mixed forest 0,07 | 0,04 0,04 | 0,03 0,03
324 Transitional woodland-shrub 4,98 4,42 5,18 4,91 4,75
331 Beaches - dunes - sands 0,94 0,34 0,27 | 0,28 0,26
411 Inland marshes 0,45 0,73 0,88 | 0,89 0,87
511 Water courses 11,68 | 11,72 11,71 11,73 11,70

(European Environment Agency, 2016, 2020; Republic of Serbia — Ministry of Environmental Pro-
tection — Environmental Protection Agency, 2023; OpenStreetMap Contributors, 2017)

The observed expansion of built-up and industrial classes (112, 121) and the concentra-
tion of changes along major corridors are consistent with the development directions and
land-use designations defined in the Spatial Plan of the Municipality of Grocka (City of Bel-
grade Assembly, 2012). While CLC quantifies land-cover dynamics, the spatial plan provides
the normative land-use framework against which these trends can be interpreted.

The largest absolute and relative changes (Table 1) were observed in urban classes (112,
121), selected agricultural categories (211, 221, 222, 242), and broad-leaved forest (311), in-
dicating a profound restructuring of the traditional agroecosystem landscape.
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Fig. 1. Graphical representation of land cover changes (km?2) according to the CLC database, 1990—
2018 (European Environment Agency, 2016, 2020; Republic of Serbia — Ministry of Environmental

Protection — Environmental Protection Agency, 2023)

Discontinuous urban fabric (112): ACLC 1990—2018 = +11.8%, ARC = +0.132
km?2/year, CCI = 1.238%. Growth was continuous in all sub-intervals, with the most
intensive increase occurring between 2006—2012 (ACLC = +5.33%; ARC = +0.297
km?2/year). The development of this class was largely driven by an influx of population
from central and southern Serbia in the early 21st century, which led to intensified
peri-urbanization (Milin¢ié, 2004). The greatest expansion was recorded in the settle-
ments of Kaluderica, LeStane, and Vinca, where agricultural plots were converted into
individual residential construction. Transition matrices indicate that most of the new
urban areas originated from categories 211 (non-irrigated arable land) and 242 (com-
plex cultivation patterns).

Industrial/commercial units (121): ACLC 1990-2018 = +92.77%, ARC = +0.028
km2/year, CCI = 0.257%, with acceleration after 2000. This growth is associated with
the expansion of manufacturing facilities, warehouses, and retail premises along the
Smederevo Road, stimulated by migration and the growth of the local consumer base.
Transition matrices indicate that this category most frequently expanded at the ex-
pense of 211 (non-irrigated arable land).

Mineral extraction sites (131): ACLC 2012—2018 = +46.67%, ARC = +0.005 km?2/year,
CCI = 0.046%. The largest increase occurred after 2012, correlating with intensified
construction activity in Belgrade. These activities are primarily located in the settle-
ments of Bole¢ and LesStane (quarries, extraction of construction materials).

Dump sites (132): ACLC 1990-2018 = +15.56%, ARC = +0.003 km2/year, CCI =
0.023%. Although dump sites account for a small share of the municipality’s total area,
their growth is a significant indicator of environmental pressures. The greatest in-
crease was recorded after 2012, partly due to the expansion of existing locations and
informal waste disposal in peri-urban fringe zones, which affects soil degradation and
groundwater quality. In addition, the area of the sanitary landfill in Vinca has ex-
panded; however, despite more organized waste management, the number and area of
illegal dumpsites in the Municipality of Grocka have become increasingly visible and
represent an environmental problem.
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Non-irrigated arable land (211): ACLC 1990-2018 = -73.22%, ARC = -0.705
km?2/year, CCI = 6.587%. The most significant declines occurred between 2000—2006
(ACLC = —35.2%; ARC = —1.725 km?2/year) and 2006—2012 (ACLC = —62.1%; ARC =
—1.972 km2/year), indicating an intensive conversion to permanent crops (222) and
urban areas (112). The loss of the arable base also entails the loss of part of the tradi-
tional production of cereals and forage crops, directly contributing to a sharp decrease
in the number of livestock households. Between the last two agricultural censuses
(2012—2023), the number of livestock units fell from 3,833 (2012) to 2,622 (2023),
and the number of livestock farms from 1,860 to 834. The steepest decline was rec-
orded in pigs (from 7,634 to 2,893 head) and in the number of households raising them
(from 1,152 to 458), while sheep and goats also showed a negative trend, and the num-
ber of cattle remained relatively stable (SORS, 2025).

Fruit trees and berry plantations (222): ACLC 1990—2018 = +185.26%, ARC = +1.374
km2/year, CCI = 12.833%. The largest increases occurred between 2000—2006 (ACLC
= +113.0%; ARC = +4.045 km?2/year) and 2006—2012 (ACLC = +29.45%; ARC =
+2.245 km2/year). The growth of this category reflects the shift from traditional arable
crops and vineyards to highly profitable fruit production (apples, apricots, peaches,
cherries), supported by investments in modern orchards.

Vineyards (code 221): In the period 1990—2018, a relative decline of ACLC = —27.88%
was recorded, representing a loss of —0.071 km2/year (ARC), with a total share of ab-
solute change in the municipality’s area of CCI = 0.662%. The largest decline occurred
in the 2006—2012 interval (ACLC = —12.45%), while in 2012—2018 the rate of loss
slowed (ACLC = —4.12%). Although the overall reduction in vineyard area is relatively
moderate compared to the loss of arable land (211), the importance of this category for
the local identity and economy of the Municipality of Grocka is extremely high. Viti-
culture has a centuries-old tradition, shaped by favorable climatic conditions, terrain
configuration (gentle southern and southeastern slopes), and proximity to the capital’s
market, which enables rapid distribution of fresh grapes and wine products. Transition
matrices show that most of the lost vineyard areas have been converted to fruit tree
plantations (code 222) and, to a lesser extent, to discontinuous urban fabric (code 112).
These processes are linked to transitional changes in agriculture after 2000, including
restitution, parcel fragmentation, changes in ownership structure, and a shift toward
crops with higher market value.

Complex cultivation patterns (242): ACLC 1990—2018 = —28.51%, ARC = —0.942
km?2/year, CCI = 8.802%. This class, representing a mosaic of small plots with different
crops, often owned by multiple holdings, has traditionally been present in areas with
mixed production (arable farming, vegetable growing, vineyards, orchards). Its reduc-
tion indicates the disintegration of the agricultural economic sector due to land con-
solidation processes, conversion to permanent crops (222), and urbanization pressure.
In areas closer to urban cores—especially in Kaluderica, Lestane, and Bole¢—complex
parcels have been replaced by residential construction (112), while in the peripheral
parts of the municipality some of these areas have transitioned to forest categories
(311) as a result of land abandonment and natural succession.

Pastures (231): ACLC 1990—2018 = —35.27%, ARC = —0.028 km2/year, CCI = 0.263%.
The reduction in pasture areas was most pronounced in the first decade of the analyzed
period, when part of the land was converted to orchards (222) and complex cultivation
patterns (242), while in areas under urban pressure they were completely transformed
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into residential and commercial construction. This trend reflects the decline of live-
stock farming in the Municipality of Grocka, which has further contributed to the deg-
radation of the traditional agrarian landscape.

Broad-leaved forest (311): ACLC 1990—2018 = +32.15%, ARC = +0.171 km2/year, CCI
= 1.602%. The increase is predominantly the result of secondary succession on aban-
doned agricultural plots, particularly in the higher and less accessible parts of Grocka
(e.g., around Drazanj, Zivkovac, Kamendol). These areas have an ecological function
in biodiversity conservation and soil erosion prevention, but at the same time mark a
permanent loss of agricultural potential.

Mixed forest (313) and transitional woodland—shrub (324): Although absolute changes
are smaller compared to broad-leaved forest, these categories play an important role
as transitional forms between agricultural and fully forested areas. Transition matrices
indicate that their growth is largely the result of gradual natural succession on plots
abandoned due to population ageing and reduced economic interest in agriculture.
Beaches, dunes, sands (331): ACLC 1990—2018 = —72.34%, ARC = —0.024 km2/year,
CCI = 0.227%, involving small areas and local changes along the riverbank. Part of the
municipality (Vinca, Bole¢, Ritopek, Zaklopaca, Grocka, Brestovik) extends along the
left bank of the Danube, and its area includes several river islands where sandy beaches
appear depending on water levels.

Water courses (511) and inland marshes (411): These show small absolute but noticea-
ble percentage changes (e.g., 411: ACLC 1990—2018 = +93.33%), with a limited impact
on the total area but significant for local hydrological services. Although spatially mi-
nor, these categories are crucial for maintaining ecosystem services such as hydrolog-
ical regime regulation, water filtration, and the provision of habitats for rare species. A
slight decline in watercourse areas (511) was observed in certain zones, which is linked
to several factors: partial regulation and channelization of flows, reduced discharge
due to climate change and drought periods, and increased water abstraction for irriga-
tion in intensive orchards. Along the Danube riverbank, the impact of urbanization is
also visible, which in some segments has led to the reduction of natural banks and the
degradation of riparian habitats.
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Fig. 2. Land cover change in the Municipality of Grocka, 1990—2018, according to the CORINE
classification (European Environment Agency, 2016; 2020; OpenStreetMap Contributors, 2017;
Republic of Serbia — Ministry of Environmental Protection — Environmental Protection Agency,

2023 — adapted)

While the CLC-based analysis provides a robust overview of long-term land cover
transformations at the municipal scale, it does not capture short-term or fine-scale spatial
variability characteristic of peri-urban environments, which is addressed through supple-
mentary satellite-based assessment in the following section.

Supplementary Sentinel-2—based land cover assessment (2018—2024)

To complement the long-term land cover change analysis based on the CORINE Land Cover
(CLC) database and to provide insight into more recent spatial dynamics after 2018, a sup-
plementary land cover assessment was conducted using the Sentinel-2 10 m Land
Use/Land Cover dataset (Esri & Impact Observatory, 2024), derived from Copernicus Sen-
tinel-2 imagery (European Space Agency [ESA], 2015) for the reference years 2018 and
2024. The analysis was applied as a high-resolution snapshot of land cover structure, aimed
at capturing short-term changes and internal spatial heterogeneity within dominant land
cover types in the peri-urban area of the Municipality of Grocka.
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Table 2. Land cover classes derived from Sentinel-2 10 m dataset in the Municipality of Grocka (2018 and

2024)
Code | Land cover class Ar?;ﬁg)l 8. Ar((ele(lnzl(z))z 4- Change(lir(;llg—2024.
1 Water 11.94 11.92 —0.02
2 Trees 84.51 89.67 +5.16
4 Flooded vegeta- 0.15 0.74 +0.59
tion ’ ’ ’
5 Crops 128.98 114.88 —14.10
7 Built-up area 55.25 62.69 +7.44
8 Clouds® 1.11 0.52 —0.59
11 Rangeland 17.75 19.27 +1.52

* Cloud-covered areas were excluded from the interpretation of land cover change.

The Sentinel-2—based dataset represents a pre-classified annual land cover product at
10 m spatial resolution. Spatial subsetting to the administrative boundary of the Munici-
pality of Grocka and area calculations were performed within the GIS environment. The
resulting land cover classes represent dominant surface cover at the pixel level and are not
directly equivalent to functionally defined CORINE land-use categories.

Fig. 3. Land cover patterns in the Municipality of Grocka derived from the Sentinel-2 10 m Land
Use/Land Cover dataset for 2018 and 2024 (Esri & Impact Observatory, 2024; European Space
Agency [ESA], 2015 — processed and adapted by the author); Land cover classes are indicated by
numeric codes: 1 — Water, 2 — Trees, 4 — Flooded vegetation, 5 — Crops, 7 — Built-up area, 11 —
Rangeland; cloud-covered pixels (code 8) were excluded from interpretation.
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The Sentinel-2 based assessment (Table 2) indicates a pronounced increase in built-
up areas and tree-covered surfaces between 2018 and 2024, accompanied by a substantial
reduction in actively cultivated cropland and a moderate expansion of rangeland. Observed
changes in water bodies and flooded vegetation are minor in absolute terms and are pri-
marily attributed to seasonal and hydrological conditions at the time of image acquisition,
while cloud-covered areas were excluded from change interpretation.

It is important to emphasize that direct quantitative comparison between Sentinel-2—
derived land cover classes and CORINE Land Cover categories is methodologically inap-
propriate, due to differences in spatial resolution (10 m versus the 25 ha minimum mapping
unit of CLC), thematic classification schemes, and data production methodologies. While
CLC data provide a harmonized and long-term framework for monitoring land cover
change at regional and national scales (1990—2018), the Sentinel-2—based dataset enables
the detection of finer-scale spatial variability and short-term dynamics characteristic of
peri-urban landscapes.

Accordingly, the Sentinel-2—based assessment is used exclusively as a complementary
post-2018 interpretation layer, supporting the trends identified through CLC data such as
continued urban expansion, changes in agricultural land management, and vegetation dy-
namics without implying numerical equivalence between the two datasets. This combined
approach enhances the robustness of land cover interpretation in the Municipality of
Grocka by integrating long-term consistency with recent high-resolution spatial insight.

Demographic—Economic Framework of Agrarian Transformations

The demographic development of the Municipality of Grocka from 1961 to 2024 reveals a
clearly phased trajectory of growth, stabilization, and recent stagnation (Table 3). Follow-
ing moderate post-war growth, the municipality entered a period of rapid population ex-
pansion between the 1960s and 1980s, driven primarily by suburbanization processes and
immigration from central and southern Serbia. By the early 2000s (Census 2002), the pop-
ulation exceeded 75,000 inhabitants, marking Grocka as one of the fastest-growing peri-
urban municipalities in the Belgrade metropolitan area.

The long-term demographic trajectory of the Municipality of Grocka is illustrated in
Figure 4, which presents a comparative overview of population size and number of house-
holds in the period 1948—2022. The figure clearly captures the divergence between contin-
ued household growth and the recent stagnation and decline of total population, indicating
processes of demographic individualization and ageing.
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Fig. 4. Demographic indicators: comparative overview of the number of inhabitants and house-
holds, 1948—2022, in the settlements of the Municipality of Grocka (SORS, 2014; 2023; 2025)

The Demographic Change Index (DPI) confirms this dynamic. In the period 1991—2002,
DPI reached +8.67%, while the highest relative growth was recorded between 2002 and 2011
(DPI = +11.19%), coinciding with intensified urban land expansion identified through CORINE
Land Cover analysis. However, after 2011, demographic dynamics shifted significantly. Between
2011 and 2022, DPI became negative (—1.31%), indicating demographic saturation and the onset
of population decline despite continued spatial expansion of built-up areas.

Table 3. Population and households growth phases in the Municipality of Grocka (1948—2024)

Period Population Absolute Households Key demographic
change phase
1948— 28,927 — +3,009 6,164 — Moderate post-war
1961. 32,836 > 7,938 growth
1199%1; 32’48’229_) +21,763 7;2?282: Rapid suburbanization
1981— 54,599 — +20,867 15,222 — Migration-driven ex-
2002 75,466 24,313 pansion
2002— 75,466 — +8,441 24,313 — Demographic peak
2011 83,907 27,134
2012— 83,907 — 1,097 27,134 — Demographic stagna-
2022, 82,810 ’ 31,333 tion
2022- 82,810 — +202 _ Short-term stabiliza-
2024.%* 83,012 tion

* population estimates; Source: SORS (2014; 2023; 2025)

Importantly, recent population stabilization is not driven by natural increase. Since
the mid-2010s, Grocka has recorded persistently negative natural population change,
particularly pronounced during the COVID-19 period (2020—2021). Nevertheless, posi-
tive internal migration balances have partially compensated for natural losses, resulting
in short-term population stabilization after 2022 (Table 4). For 2011, the migration bal-
ance is not explicitly reported in the extracted STAT tables; therefore, trend interpreta-
tion relies primarily on data for the 2012—2024 period. This demographic pattern ex-
plains the apparent paradox of continued urbanization under conditions of stagnant or
declining population numbers.
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Table 4. Natural population change and migration balance in the Municipality of Grocka (2011—

2024)
Period Natura}) increase Migration bal- Dominant driver
(%0) ance
2011-2015. Slightlll);ﬁi)rs;five to Positive Suburban migration
2016—2019. Negative Positive Migration compensating natural loss
22%2201._ Strongly negative Reduced COVID-19 impact
22%221_ Negative + BI;(I’S;(?IZ 21) Migration-driven stabilization

Source: SORS (2025), STAT database

Household dynamics further reinforce this interpretation. While total population
growth has slowed, the number of households has continued to increase steadily, reflecting
demographic individualization processes, including declining household size, population
ageing, and the rise of single-person and elderly households. This trend has sustained de-
mand for residential construction, particularly in peri-urban settlements, without corre-
sponding population growth.

Table 5. Ageing and dependency indicators in the Municipality of Grocka (2011—2024)

Indicator 2011. 2024. Change
Total dependency ratio 41.3 57.7 +16.4
Youth dependency ratio 22.2 24.5 +2.3
Elderly dependency ratio 19.1 33.1 +14.0
Share of elderly (65+) - Increasing Pronounced ageing

Source: SORS (2014; 2025)

Age-structure indicators reveal pronounced population ageing. Between 2011 and
2024, the total dependency ratio increased from 41.3 to 57.7, driven predominantly by the
rapid growth of the elderly dependent population (Table 5). These trends have direct im-
plications for agricultural systems, as they reduce the availability of labour, accelerate land
abandonment, and encourage shifts toward less labour-intensive agricultural practices.

Agricultural census data corroborate these demographic pressures. Between 2012 and
2023, the number of livestock units and livestock farms declined sharply, while permanent
crops especially orchards expanded their share in agricultural production. This restructuring
aligns with land cover changes identified through CORINE analysis, particularly the decline
of arable land (classes 211 and 242) and the expansion of permanent crops (class 222).

Overall, demographic ageing, negative natural population change, and migration-
driven household growth constitute key drivers of agrarian transformation in the Munici-
pality of Grocka. These processes underpin the conversion of complex cultivation patterns
into permanent crops and urban land, directly shaping the sustainability and multifunc-
tionality of peri-urban agriculture.

Discussion
The analysis of spatial, demographic, and agrarian indicators in the Municipality of Grocka

reveals a multi-layered peri-urban transformation shaped by the interaction of land cover
change, demographic restructuring, and the functional urban influence of Belgrade. Based
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on the CORINE Land Cover (CLC) time series, the period 1990—2018 is characterized by a
systematic decline of agricultural land, accompanied by the expansion of built-up areas and
forest categories, indicating a long-term reconfiguration of the peri-urban landscape.

The most pronounced land cover changes include the reduction of non-irrigated arable
land (CLC 211) and complex cultivation patterns (CLC 242), alongside a significant increase
in permanent crops (CLC 222) and broad-leaved forests (CLC 311). These trends reflect
both urbanization pressure and agrarian restructuring, whereby labour-intensive and frag-
mented agricultural systems are progressively replaced by less labour-demanding forms of
land use or abandoned altogether, enabling secondary succession. Similar trajectories have
been documented in peri-urban zones across Southeast and Central Europe, where de-
agrarianization and land abandonment often coexist with selective agricultural intensifica-
tion (Pejnovic et al., 2015; Simoncic et al., 2024).

From a demographic perspective, the Municipality of Grocka exhibits a transition
from migration-driven growth toward demographic stagnation, with the last intercensal
period (2011—2022) recording a negative Demographic Change Index (DPI). This shift is
primarily driven by persistent negative natural population change and pronounced pop-
ulation ageing, while internal migration remains positive but insufficient to offset natural
losses. Importantly, this demographic slowdown does not correspond to a halt in spatial
expansion, as the number of households continues to grow. This trend reflects demo-
graphic individualization, shrinking household size, and an increasing share of elderly
and single-person households.

Household growth, rather than total population growth, emerges as a key driver of the
continued expansion of discontinuous urban fabric (CLC 112) during the 2000s and 2010s,
particularly in settlements with strong functional and infrastructural integration into the
Belgrade metropolitan system (Kaluderica, LeStane, Vinca, Bolec). This finding aligns with
broader peri-urbanization processes observed in other Belgrade municipalities, where res-
idential expansion persists despite stagnating or declining population numbers (Spalevié,
2013; Gatari¢ & Percan, 2024).

The agrarian consequences of these processes are substantial. Demographic ageing
and labour shortages have accelerated the decline of livestock production and labour-in-
tensive cropping systems, while permanent crops especially orchards have expanded, sup-
ported by market proximity, favourable agroecological conditions, and lower labour re-
quirements. This restructuring is consistent with recent agricultural census data (2012—
2023) and corresponds to CLC-detected land cover changes, particularly the contraction of
arable land and mosaic agricultural patterns. Grocka’s long-standing specialization in fruit
growing and viticulture therefore plays a dual role: it increases vulnerability to land con-
version under urban pressure, but simultaneously represents a strategic development asset
for multifunctional and market-oriented peri-urban agriculture (Filipovi¢ & Obradovié-
Arsié, 2010; Seéerov & Filipovié, 2015; Mihajlovi¢ et al., 2026).

When compared with other peri-urban municipalities of Belgrade (Mladenovac, Laza-
revac, Obrenovac), Grocka shares common challenges such as agricultural land loss, de-
agrarianization, and demographic ageing, yet differs in the relative continuity of agricul-
tural land use and the dominance of high-value permanent crops. In contrast to more in-
dustrially transformed peri-urban zones, Grocka still retains a spatially coherent agricul-
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tural belt, which provides a realistic foundation for targeted land protection and differenti-
ated development measures (Mihajlovic¢ et al., 2026). Comparable patterns have been iden-
tified in peri-urban regions around Zagreb and Ljubljana, where agricultural continuity en-
ables more effective integration of land-use planning, agriculture, and environmental pro-
tection (Pejnovic et al., 2015; Simoncic et al., 2024).

While the CLC database provides a harmonized and consistent framework for long-
term land cover analysis, its spatial resolution and minimum mapping unit limit the detec-
tion of small-scale and short-term changes typical of peri-urban environments (Biittner,
2014), particularly after 2018. Supplementary Sentinel-2—based land cover datasets (post-
2018) partially mitigate this limitation by capturing more recent spatial dynamics. How-
ever, these datasets are not directly comparable with CLC categories due to differences in
spatial resolution, classification schemes, and methodological approaches. Nevertheless,
their combined use is analytically justified, as both data sources consistently indicate the
same direction of transformation: continued urban expansion, agricultural restructuring,
and vegetation change, thereby strengthening the robustness of interpretation despite
methodological heterogeneity.

The findings have clear implications for sustainable land management in peri-urban
zones. In line with the European Soil Strategy for 2030, the Strategy of Agriculture and
Rural Development of Serbia, and the Spatial Plan of the Municipality of Grocka, priority
measures should include:

—  spatial designation and legal protection of priority agricultural zones dominated by
permanent crops (CLC 222) and remaining complex cultivation patterns (CLC 242);

—  stricter control of agricultural land conversion in zones exposed to intensive residential
expansion through stronger coordination between urban and agricultural planning in-
struments;

— rehabilitation of degraded and abandoned land, including former extraction sites,
through agroforestry systems and low-intensity agricultural practices adapted to de-
mographic constraints;

—  integration of agro-tourism and rural tourism as complementary activities, capitalizing
on preserved orchards, vineyards, and traditional landscapes;

— alignment of agricultural support measures with agroecological capacities and spatial
zoning results, moving beyond uniform policy approaches.

Overall, the peri-urban transformation of Grocka represents a structurally complex
process in which land cover change, demographic ageing, and functional urban integration
operate simultaneously. Despite differences in data sources and temporal coverage, the
convergence of spatial, demographic, and agrarian indicators confirms a coherent trajec-
tory of peri-urban restructuring, providing a solid empirical basis for policy-relevant con-
clusions and future research.

Conclusion

The analysis of spatial, demographic, and agroeconomic changes in the Municipality of Grocka
confirms that the peri-urban zone of Belgrade has undergone a complex and long-term struc-
tural transformation, driven by the interlinked effects of urban expansion, agricultural restruc-
turing, and demographic transition. Based on multi-temporal CORINE Land Cover (CLC) data
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for the period 1990—2018, complemented by post-2018 satellite-based land cover assessment
based on Sentinel-2 datasets, and detailed demographic indicators, the research provides a com-
prehensive and methodologically transparent profile of land cover dynamics in a rapidly trans-
forming peri-urban environment.

Quantitative indicators obtained through the application of ACLC, ARC, and CCI, together
with the Demographic Change Index (DPI), enabled a robust identification of dominant trans-
formation pathways shaping the spatial dynamics of Grocka. The results clearly demonstrate
that classical arable land and mosaic agricultural systems have experienced substantial decline
(CLC 211: —73.22%; CLC 242: —28.51%), while permanent crops have emerged as the dominant
and most stable agricultural land cover class (CLC 222: +185.26%). This shift reflects both mar-
ket-oriented agroeconomic adaptation and reduced labour availability linked to population age-
ing, rather than a uniform intensification of agricultural production.

At the same time, continuous expansion of discontinuous urban fabric (112) and industrial
or commercial units (121) has been recorded, particularly along major transport corridors and
within settlements with strong functional ties to the urban core of Belgrade. Importantly, this
spatial expansion persists despite demographic stagnation after 2011, indicating that household
growth and demographic individualization, rather than total population increase, represent key
drivers of peri-urban land consumption.

The increase in mineral extraction sites (131), although limited in absolute spatial extent,
carries disproportionate ecological and spatial impacts, emphasizing the necessity of mandatory
rehabilitation and post-exploitation land restitution, as stipulated in planning and environmen-
tal policy frameworks. Conversely, the expansion of broad-leaved forests and transitional wood-
land shrub vegetation reflects secondary succession on abandoned agricultural land, indicating
partial ecological recovery but also a permanent loss of agricultural production capacity in de-
mographically weakened areas.

Demographic analysis further reveals that Grocka has entered a mature peri-urban phase,
characterized by negative natural population change, pronounced population ageing, and mi-
gration-driven household growth. Marked intra-municipal differentiation confirms that uni-
form land-management and agricultural policy approaches are inadequate, as some settlements
retain higher agroecosystem resilience, while others are exposed to cumulative demographic,
economic, and spatial pressures.

The combined use of heterogeneous data sources CLC, Sentinel-2 derived land cover da-
tasets, demographic statistics, and agricultural census data inevitably involves methodologi-
cal limitations and non-equivalence in spatial resolution and classification schemes. How-
ever, the convergence of results across all datasets consistently points to the same transfor-
mation trajectory, strengthening the reliability of the overall interpretation and mitigating in-
dividual data constraints.

Overall, the research findings highlight the necessity of territorially differentiated and inte-
grative management strategies in peri-urban zones, which should include:

— preservation of remaining multifunctional agricultural landscapes and complex cultivation
patterns (242) as key components of ecological stability, landscape identity, and local resilience;
— stabilization and sustainable modernization of permanent crop systems (222) in line with local
agroecological capacities and reduced labour availability;
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— strict regulation and spatial targeting of urban and industrial expansion (112, 121) in areas with
high agricultural and ecological value;

— systematic rehabilitation and reclamation of mineral extraction sites (131) with enforceable
post-exploitation land-use conversion;

— integrated spatial planning frameworks that explicitly link land cover dynamics, demographic
trends, and agroeconomic restructuring in decision-making processes.

In this context, the Municipality of Grocka represents a representative but not uniform
model of peri-urban transformation, where long-standing agricultural traditions coexist with
intense urban pressures. The methodological framework and results presented in this study pro-
vide a transferable analytical basis for comparative research across peri-urban regions in Serbia
and Southeast Europe, contributing to evidence-based planning and policy formulation. Inte-
grated management of land use and demographic resources thus emerges as a prerequisite for
the long-term sustainability, multifunctionality, and resilience of peri-urban landscapes under
accelerating urbanization and climate pressures.
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YBog

OuyBarbe M DPALUOHAIHO KOpHIIhele 3eM/BUIIHUX pecypca IpeJCTaB/bajy OCHOBHU
npesyciioB 3a (YHKIMOHATHOCT AarpoeKOCHCTEMA, IIPOCTOPHY CTAaOMJIHOCT DPypaIHUX
TOZIpyYja ¥ AYTOPOYHY EKOJIOMIKY O/Ip3KUBOCT (Bouma, 2014; FAO & ITPS, 2015). [TokpuBay
3eMJBUINTA, KA0 WHTETPAIHU €JIeMEHT TIeOIPOCTOPHOT OKBUDA, OApaKaBa JAUHAMUKY
MPUPOIHUX U ApyIITBeHUX mporeca (Milincié et al., 2013), mpu yeMy je merosa CTpyKTypa
yCIOB/beHA MeljycoGHMM JiesioBameM  (QH3UYKO-TeorpadCKUX yCIoBa, AeMorpadCKux
KpeTama 1 ekoHoMckux aktuBHocTH (Foley et al., 2005; Keesstra et al., 2016).

IIpomeHe nOKpuBauya B3eMJ/bHINTA MOTy OWUTH moclenuna ypbaHuzanuje,
nuBep3udUKaIfje Mo/OIPUBPEE, UH/YCTPHjaIHu3aIje 1 KinMaTckux mpomena (Mihaj-
lovi¢ et al., 2024a), aqu ¥ MUPUX APYIITBEHO-eKOHOMCKHX IIpolleca Kao IITO Cy
Ipepacrio/ie/ia CTAHOBHUINTBA, KOHBEP3Kja HaMeHe 3€MJBUIITA WIN PECTPYKTYPHUPAE U
HamyIITamke Mo/bopuBpenne npoussoame (IPBES, 2018; Rockstrom et al., 2021). ¥ mepu-
ypbaHuM 3oHama, r/Ae ce ypbaHe U moJbonpHUBpenHe (QYHKIHje IPOCTOPHO U
(yHKIMOHAIHO TIpeKJIanajy, OBU IPOILEeCH Cy MOceOHO M3Pa’KEHU U UYECTO JOBOAE /0
VHTEH3UBUpamka KOHKYPEHIUje 32 3eMJbUILTE, IIPOTPECUBHE JleTPajialiije 3eMJbUIIHUX
pecypca, moBehane ¢parMeHTanuje Iej3aska ©U  (QYHKIMOHAIHE HECTaOHUIHOCTH
arpoekocucrema (Gatari¢ & Dercan, 2024; Simoncic et al., 2024).

Y xonrtekcry bBeorpasma, mepu-ypbaHH IpocTop ce Hajuemrhe mocMaTpa Kao
TPaH3UIIMOHA U XeTePOreHa 30Ha 00JIMKOBaHA NHTEH3UBHOM KOHKYPEHI[HjOM Pa3InIUTHX
HaMeHa 3eMJBHINTA, (DYHKIMOHAJIHOM 3aBHUCHOIINY OJ TPA/CKOr je3rpa W yOp3aHOM
KOHBEP3HUjOM IOJHOIIPUBPEIHOT 3eMJbMINITA 107 yTHIAjeM cyOypbanusaruje (Spalevié,
2013; Gatari¢ & Dercan, 2024). Meljyytum, pasrpanuuetbe nepu-ypbanux moapydja Huje
JEAVHCTBEHO HUTU VHHBEDP3aJIHO CTAHJAPAU30BaHO, Beh B3aBHCH Off NPUMEHEHUX
AHAIUTUYKAX KPUTEPHUjyMa M IPOCTOPHHUX HHAMKATOpa. Y OBOM pajy, mepu-ypbaHu
KapakTep IIPOCTOpa OMEpaIlHOHAIM3Yje ce Kpo3 KOMOMHAIM]Y TPU Mel)ycoOHO moBe3aHa
kputepujyma: (i) pyHKIIMOHATHY IOBE3aHOCT ca METPOIIOJIUTAHCKUM je3rpoM beorpaa,
(ii) momuHaHTHe oOOpaciie NMpOMeHa IOKpHWBaya 3eMJbUINTA — IOCeOHO KOHBEpP3Hje
MMOJBOLIPUBPEAHOT y Trpa)eBHHCKO 3€MJBUIITE U YHYTPAIIHE DPECTPYKTYPUPAE
TIOJBOTIPUBPEIHUX KaTeropuja, u (ili) memorpadcke HMPUTHCKE KOjU Ce TMPEBACXOIHO
KCI0/bABAjy KPO3 IPOMEHE CTPYKTYpe AoMahnHCTaBa, poIiece cTaperha CTAHOBHUIIITBA U
MUTPAIMOHO YCJIOBJ/bEHY IPEPACIIOZEILY HOIyJIanuje, a He UCK/BYYHUBO KPO3 aIrCOIyTHU
mopact 6poja CTaHOBHUKA.

Kao nepu-ypbano nozpydje Beorpasa, onmruaa I'porika mpecTaBsba IpOCTOP Yy KOjeM
ce IYyTOTpajHU MOJbOIIPUBPEAHU 00PACIIH YKPIITAjy ca JUHAMUYHUM YpPOAaHUM YTUIAjUMa,
[ITO je TOKOM IOC/IENIbUX MEleHHja Pe3yITUPAIO 3HAYajHUM IIpOMeHaMa Kopuimherma
3eMJBUIIHOT MIOKpUBaua. VICTOPHjCcKH Mpeno3HaT/biBa 10 BUHOTPAJAPCTBY U BOhapCTBY,
O0Baj TPOCTOP JaHAcC TPIHU NPUTHCKE ypOaHe eKCIaH3Wje U KOHTUHYHPAHOT
PECTPYKTYPHPAaha MOJBOIPUBPEIHUX AKTHBHOCTH, TpaheHOT e TMMUYHUM HAITYIITAHEM
3eMJpUINTA U GYHKIHOHATHOM TpaHcdopmanujoM pypasHor mpocropa. Ilocieauie ce
orJiefiajy y u3MeHaMa CTPYKType Iej3a)a, CMamemy U (pparMeHTanuju IpOAyKTHBHOT
TIOJBOIIPUBPENHOr 3€MJBHINTA U PACTY IPOCTOPHE XETEPOTEHOCTH, INTO IIPECTABIHA
3HAYajaH M3a30B 32 IUIAHUPAKE U YIIPaB/balhe 3eMJbUITHUM pecypcuMa. VicToBpeMeHo,
reOnpoCTOpHE aHAIM3€ Ha HHBOYy Hace/ba YyKasyjy Ha U3Pa)KeHy YHYTPAIIHbY
nudepeHIjalijy YHyTap ONIITHHE, Ca CyNIPOTCTABJheHUM Pa3BOjHUM IyTarbaMa u3Mmely
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MIPETEKHO MTOJbOIPUBPEAHUX HAce/ba M OHUX KOja Iposiase Kpo3 yop3aHy ypbaHU3aUjy 1
dyHxunonaaHo npecrpykrypupame (Mihajlovic et al., 2026).

CarsieziaBarbe IIPOCTOPHUX 00pa3alia ¥ y3pOYHO-TIOCIEIUIHIX OJHOCA OBUX ITPOMEHA
y I'ponikoj omoryhaBa 6oJbe pazymeBame IIMPHUX IIpolieca KOju OOJIMKYjy mepu-ypOaHa
nozapyyja y CpOuju u Ipe/icTaB/ba OCHOBY 3a ieUHHUCAILE MePA YCMEPEHUX Ha 3aIITUTY U
yHampeleme arpoekocucrema (Spalevi¢, 2013; Pejnovié et al., 2015). HoBuja uctpakuBarba
OJIP>KUBOCTH TIOJBOTIPUBPEZIE JIOZATHO YKa3yjy /[la IPOMEHE MOKPHUBAda 3€MJbHIITA,
nemorpadcka JUHAMHUKA ¥ WH(PPACTPYKTypHA OCTYIHOCT 3aj€[lHUYKU YCIOBJHABAjY
MPOCTOpHY AvidepeHHjannjy ¥ QyHKIMOHAIHY PAlUBOCT HACE/hA, YMME Ce HAIJIAIIaBa
3HAUa] aHaJIM3e [IOKPWBAaYa 3€MJ/BUINTA KA0 METOMOJIONIKE IIOJIa3HE TadyKe Y
HCTpaKUBarmbUMa nepu-ypbanux npocropa (Mihajlovi¢ et al., 2026).

Ananu3a kopunrhema 3eMmspuIrHor nokpusaya npumeHoM CORINE Land Cover (CLC)
6ase mojaraka u GIS amara omoryhaBa KBaHTUTATHBHO M KapTOrpad)CKO caryefjaBarbe
MMPOMEHA, Ka0 U TOBE3UBAHE TUIIOBA TpaHCGhOPMAIKja ca BbUXOBUM Y3POUHUM (PaKTOpHUMa
(Bossard et al., 2000; Biittner, 2014; Mihajlovi¢ et al., 2024b). Y okBupy OBOT aHATUTHYKOT
okBupa, CLC momamu ce KOpHUCTE Kao XapMOHH30BaHH pebepeHTHH W3BOp 3a
uaeHTHUKANM]y [yrOpOYHUX TPEH/I0Ba IOKpHBada 3eMspHinTa (1990—2018), M0K je
aHaIM3a JIONMyIbeHa MofaliMa O IMOKPHBAady 3€MJBHINTA 3aCHOBAaHHMM Ha Sentinel-2
CHUMITUMa MpocTopHe pe3osyiyje 10 m (Esri / Impact Observatory), 3a nmepuop 2018—
2024. TOIVHE, PA/ii CATJIE/IaBalba CABPEMEHUX U KPATKOPOUYHHUX IMPOCTOPHUX JMHAMIKA
KapaKTEPUCTUYHUX 32 EpUypOaHU IPOCTOP.

Marepujasiu u MeTojie

AHaju3a MPOCTOPHUX IPOMeHa Kopuinhera 3eMJBUIIHOT IOKPHBAYa Ha TEPUTOPHjU
onmTuHe ['polika 3acHOBaHA je HA MHTETPUCAHOM IPUCTYILY Ja/bUHCKe AeTeknuje u ['VIC
aHayM3a, Koju komOuHyje Bumeremmnopanie nmogatke CORINE Land Cover (CLC) 6a3e ca
JIOIYHCKUM CaTeJIUTCKUM IoZjlaliiMa O IIOKpUBady 3eMJbUINTA 3a IepHoj, HaKOH 2018.
roguHe. OCHOBY JAyropoyHe aHaJIW3e YHHWIA je BUIIETeMIIOpasHa o0paza
xapmoHusoBanux CLC ckynoBa nomataka EBporicke areHnuje 3a :kuBoTHy cpequny (EEA,
2020) 3a pedepeHTHE TOAWHE 1990, 2000, 2006, 2012. U 2018, MWITO je oMoryhuio
nfeHTUGUKANY)Yy CTPYKTYPHUX U JYyTOPOYHUX TpaHcdopManja IoKprBada 3eMJ/bUIITA.

CORINE Land Cover 6a3a mojjaTaka HacTaje HHTEPIPETAIINjOM CATETUTCKUX CHUMAaKa
MPHUMEHOM jeJUHCTBEHE ¥ CTaHAapAM30BaHE METOJOJIOTHje HAa HHUBOY Iiesie EBpore, y3
ymnoTpeby Tpeher HuBoa Tematcke kiacudukanuje (Level 3). Homumuamna pasmepa
mojjaTaka M3HOCH 1:100 000, MHHHUMaIHa Kaprorpadcka jeqununa 25 ha, MuHHMaIHA
[IHPUHA eJIEMEHTa 100 M, TOK je TeOMeTPHjcKa TauHOCT +100 m (Biittner et al., 2004; Nes-
torov & Proti¢, 2006). OBe TEXHUYKE KapaKTepUCTHKE 06e36eljyjy MpoCTOPHY 1 BpDEMEHCKY
ymopenuBoct mnozparaka, yuHehun CLC mocebHO morogHum 3a mpaheme AyropodHux
TPEH/IOBA, QJIM HCTOBPEMEHO OrPAaHMYaBajy MOTYNHOCT JeTeKIUje CUTHOCKAJHUX,
TaprejIapHUX U KPaTKOPOYHUX [TPOMEHA, TUITHYHHUX 32 ITlepuypOaHe IIPOCTope.

O6paza mojaTaka M NMPOCTOPHE aHAIN3e u3BpIeHe cy npuMeHoM I'MIC codrepa
QGIS 3.28, 10K cy reocTaTUCTUYKU IIPOPAYYHU U UHAUKATOPCKE aHAJIN3€E PeaIN30BaHH Y
nporpamy MS Excel. CLC anasnu3a je 6uia ycMepeHa Ha KaTeropyje MOKpUBava 3e MJBHIITA
KOje HajANpeKTHH]je OApaskaBajy arpoOeKOHOMCKe TpaHchopMaliyje, EKOJIOIIKE MPOIleCe U
MPUTHCKe ypObaHu3aIuje y nepuypoaHoM mpocTopy, U TO:
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— TOJhOIPUBpENHE KaTeropuje (211 — OpaHUIE KOje ce HE HaBOJHABAjy, 221 —
BUHOTPAJ¥, 222 — BONWAIM U CTAJTHU 3aCajid, 242 — KOMIUIEKCH IIapliesa Koje ce
o6pahyjy),

— wusrpaljene u ypbaHu3oBaHe MOBpIIHHE (112 — TUCKOHTUHYHPAHO ypOaHO MOAPYYje,
121 — WHJAYCTPUjCKU WIN KOMEpPLIHjaJIHM KOMIUIEKCH, 131 — IOBpPIIMHE 3a
€KCILJIOATAIljy MUHEPIHUX CHPOBUHA, 132 — JEIOHUjE),

—  IOJyNpUPOJHE U MPHUPOJHE MOBpIIKHE (231 — MALIAIY, 243 — INOJHOIPUBPETHO
3eMJBHIIITE Ca 3HAYAJHUM YZIeJIOM IIPUPOJIHE BereTaryje, 311 — JIUCTOI/IHE [IIyMe, 313
— MeNIOBUTE IIyMe, 324 — Ipeja3Ha MIyMCKO-KOyHacTa BereTanuja, 411 —
3aMOYBapeHa Mo/ipyyja, 511 — BOZOTOKOBH).

I[IpomeHe y kopumhewy 3eMJ/BUIIHOT IIOKPHBaua aHAJW3UpaHE Cy y YETHPH
BpeMeHCKa HWHTepBaia (1990—2000, 2000—2006, 2006—2012, 2012—2018) NPUMEHOM
CKyTla KBAHTUTAaTUBHUX UH/IUKATOPA: peJlaTUBHE TpoMeHe moBpiinHe kareropuje (ACLC),
MPOCEYHE To/IUlIbe cTore mpomeHe y km2 (ARC) u yuenrha arncosiyTHe IpOMeHE Y YKYITHO]
nospiinuau omrrtuae (CCI) (Stathopoulou & Cartalis, 2007).

PestaTuBHA IIpOMeHa MOBPIIIHHE KaTeroprje u3paduyHara je mpema GopmyJin:

AcrLc= (Aw - An)/An % 100 6))

/e je A IOBpIIIMHA KAaTeTOPHje y MIOUETHOj U Y 3aBPIITHOj TOAMHU UHTEPBAJIA.
Annual Rate of Change (ARC) — mpoceuHa roziuiima mpoMmesa y km2:

ARC = (Ap — An)/ (t2 —t1) (2
I/Ie je moueTHa A1 ¥ Kpajiba U A2 TOZIMHA TIOCMATPAHOT BpEMEHCKOT HHTepBaia t1 U t2.

Category Change Index (CCI) — yzeo amncosiyTHe IpoMeHe y OJTHOCY Ha YKYITHY IOBPIIHHY
OIIIITHHE:

CCI= |Az — Aul/Atotar X 100 ©)

3a cBakM BpeMEHCKM HHTepBajd (opMupaHa je Marpuna TpaHcopMalmja
Kkopuirhema 3eM/bUIIHOT [TOKPHUBaYa, KOjOM Cy HAeHTHGHUKOBAHH JOMUHAHTHU TOKOBU
KOoHBep3awuje n3Mmel)y kareropuja (HIIp. 221 — BAHOTPAZAH — 112 — AUCKOHTHHYHUPAHO ypOAHO

nozpydje).

Pagu carsieaBarba MPOCTOPHUX MPOMEHA y IIUPEM AeMOrpadCKOM KOHTEKCTY, Y
aQHAIN3Y Cy YKJ/bYUEeHH HoJjanu PemyOauuKor 3aBo/Ia 32 CTATUCTUKY 3 MOMUCHE TOANHE
1991, 2002, 2011. ¥ 2022. M3pauyHaBaH je unjaekc aemorpadcke nmpomere (DPI) mpema

dopmyu:
DPl1-t2= (P2 — Pu)/ Pu x 100 1)

rae Pa u P2 mpeacraBspajy memorpadcke IokasaTesbe 3a oaroBapajyhe momuche
ropuHe. OBaj MHAMKATOp oMoryhaBa yHOpegHO TyMaudeme JeMorpadCcKuxX AMHAMEKA U
IIpOMeHa IIOKpHBa4ya 3€MJBHINTA, IOCeOHO y 30HAMa H3JIOXKEHUM YypOaHU3aIUjH,
JleNIoIyJIalluj1 U JlearpapHu3aryjy.

¥V nusey ponyHe nyropouse CLC ananu3ze 1 youaBama HOBUjUX IPOCTOPHUX JUHAMHUKA
HAKOH 2018. roinHe, CIIPOBE/IEHA je JOMYyHCKa aHAIN3a TOKPUBAYa 3eMJBHUIIITA IPUMEHOM
Sentinel-2 10 m ckyma momaraka o mokpuBauy 3emsbuinTa (Esri & Impact Observatory,
2024), 3acHoBanor Ha Copernicus Sentinel-2 caumnuma (European Space Agency [ESA],
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2015) 3a pedepeHTHEe ToAWHE 2018. U 2024. AHaIu3a je MpUMemeHa Kao ,snapshot”
IIponeHa CcTrama IIOKpHBada, Ca IHJbEM I/IHeHTI/I(i)I/IKaIII/Ije JAOMUHAHTHUX THUIIOBA
MOBPILIMHCKOT IOKpUBaya U yHyTPAIllbhe IIPOCTOPHE XeTEPOTe€HOCTH.

C o63upoMm Ha TO ha je ped o Beh KiIacupUKOBAHOM INPOU3BOAY, HHje BpIIEHA
He3aBHCHA IIHKCEJICKa KIacudukanuja HUTH CIEKTpaJHA IMpenobpasa IopaTaka.
VI3BpIIIEHO je MPOCTOPHO HCelamhe HOoAaTaka Ha aJMUHHCTPATHBHE TPAHUIIE OIIITHHE
I'porka u n3payyHaBame MOBPIINHA 0 Ky1acaMa y okBupy GIS okpyxema. I13180jeHe cy
reHepajn30BaHe Kareropuje: Boza, ApBehe, yceBu, uarpaljeHe MOBPIIMHE, MAIIHALNA U
TpaBHATe IOBPIIWHE, IIJIaBJbeHAa BereTanyja W O0JIalll, TPU UYeMy Cy IHUKCETH IOJ
obJ1arMa UCKJbyYeHHU U3 UHTEePIIpeTalyje. 300r pasyivKa y IPOCTOPHOj pe30ynuju (10 m
y OJIHOCY HAa MUHHMAJHY jefWHUIly Manupama ox 25 ha y CLC 6asu), JIOTHIH
k1acuduKkaIje ¥ METOAOJIOTH]U U3paJie ToJjaTaka, pe3y/ITaTH 3acHOBaHHM Ha Sentinel-2
To/lallMa HUCY AUPEKTHO HyMepH4KY ynopehuBanu Hutu cnajanu ca CLC kaTeropujama,
Beh cy kopuitheH UCK/BYIHBO Ka0 KOMILJIEMEHTAPHU UHTEPIPETATHUBHU CJIOj.

OrpaHuuema IpUMeEHe METOJI0JIOTHje Mpe CBera Cy MOBe3aHa ca IMPOCTOPHOM U
BpeMeHcKoM pe3osynujoM CLC nogaTaka. MunuMaHa kaprorpadcka jeanHuia oz 25 ha,
y KoMOuHaIUju ca GparMeHTHPAaHOM IaplieJIapHOM CTPYKTYpOM MoJbotipuBpesnie y Cpouju,
MOXKe JIOBECTH /IO IOTIEHUBAKka CUTHOCKAJIHUX U JAHCIEP3HHX IpoMeHa. JlofaTHO,
TeMaTCKa reHepaIu3aluja i KacubuKauoHa HeM3BeCHOCT MOTY YTUIIATH Ha IPEIIU3HOCT
youaBama IOjeJUHUX THUIIOBA yceBa U KPATKOPOUHMX IPAKCH YIIPaB/balba 3€MJBHIITEM
(Biittner et al., 2004; Nestorov & Proti¢, 2006).

Y morseny Sentinel-2 ckyma mopjaTaka, OrpaHHYeRa Ce OJHOCE HA aJITOPUTAMCKY
HEU3BECHOCT KiacubuKanuje, Moryhe CIEKTPJIHO IpeKIaname H3Mely IojeZHIX
BETETAIMjCKUX KJIaca M CE30HCKY BapUjaOMJIHOCT CHUMAKa, INTO MOXKE OTPAHMYUTH
JleTaJbHUjy HAaMEHCKY HHTEPIIPETAIN]y 3eMJBHUIIITA Y XeTEPOTeHUM IIepUypOaHUM YCIIOBUMA.

Pagu moBehama TmOy3jaHOCTH TyMmMauerma, pe3yJTaTH aHaIn3e Kopuinhema
3eMJBUIIHOT TOKpuBaua 3acHOBaHM Ha CLC BpeMeHCKHUM cepujaMa U JIOIMyHCKUM
CaTEeJINTCKUM MOZIAlMa Pa3MaTpaHHU Cy Y OTHOCY Ha 3BAHUYHH IIJIAHCKU OKBHUP, IIPE CBEra
IIpocropuu mwiaH ommTuHe 'porka (2012), koju AebuHHUIIE PUOPUTETE KOpHUIThema
rpaljeBUHCKOT, TIOJFONIPUBPEAHOT U IIYMCKOT 3eMJsbHINTa. OBaKBa TPHAHTYJIAIHja BUIIIE
M3BOpA MOJIaTaKa, Koja o6jenumbyje Bunreremnopantne CLC mozaTke, caTeIUTCKE IPOIEHE
TOKpUBaya 3eMJBHIIITA, leMorpadcke HHANKATOPE U IUIAHCKY JIOKYMeHTaIujy, omoryhasa
cBeoOyXBaTHHje M KOHTEKCTYAJIHO yTEMEJ/heHO TyMauerme TpaHcdopmaiyja moKpuBada
3eMJBHIIITA Y IEPUYPOAHOM ITPOCTOPY.

Pesyaratu

IIpocmopne npomene xopuwhersa sembpuwrnoz nokpueaua (CLC)

Ananu3za Bpemencke cepuje CLC mozataka (1990, 2000, 2006, 2012, 2018) 3a moApyYje
onmTHHE I'polrka ykasyje Ha jacaH obpasaly mupema u3rpaljeHux MoBpIINHA, CTPYKTYPHY
TpaHchopManyjy MoJbONPHUBPEAHOr 3eMJBUINTA, KA0 U JIeJIMMUYHY NIPUPOJHY CYKLIEeCHjy
IIyMCKe BereTanuje. Y HACTaBKY ce Jiaje CHHTe3a IIPOMEHA y Hajpelnpe3eHTaTUBHUjUM
KJacama IOKpHBauya 3a Iepuofi 1990—2018, y3 npuka3 penatuBHux npomeHa (ACLC),
mpocevyHe rofuime crone npomeHe (ARC) u yzesa ancosyTHe IIPOMeEHe y OJHOCY Ha
ykynHy nospiuny onmmruHe (CCI), uume ce 06e36el)yje KoH3UCTEHTaH YTOPOYHY OKBUD
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3a TyMauere IPOCTOPHUX TpaHchopManuja Kopuinhema 3eM/bUIITHOT TOKPUBaYa y IepH-
yp6aHOM IIPOCTOPY.

IIpoMeHe y CTPYKTYPH 3€MJBHIIHOT IOKPHUBAYa YCJIOB/bEHE Cy HE CaMO OMIITHM
ypOaHU3aIujcKuM TpeHI0BUMa Beh U crierfuUIHUM JIOKATHUM (HaKTOPHUMAa UCTOPHjCKOM
OpHjeHTaIljOM Ha IOJFOIPHUBpPeNy (ca HAIJIACKOM Ha BHHOTIPAJIapCTBO U BOhapcTBO),
MUTPAI[IOHUM TajlacCMMa IIOYETKOM 21. BeKa, Osm3uHOM beorpaza M NOBOJLHUM
ToJIOXKajeM y3 IyIaBHe caoOpahajHure.

Tabena 1. [Ipomena xopuwhera 3empuitHoe nokpusava y onwmunu I'poyka 1990—2018. npema
CLC 6asu nooamakxa

1990. | 2000. | 2006. | 2012. 2018.
KO Ha3UB km?2 km?2 km2 km2 km2
112 Discontinuous urban fabric 31,44 | 32,54 | 33,38 | 35,16 35,15
121 Industrial or commercial units 0,83 0,89 1,21 1,36 1,60
131 Mineral extraction sites - - - 0,26 0,25
132 Dump sites 0,45 0,43 0,44 0,44 0,52
211 Non-irrigated arable land 26,96 | 29,40 | 19,05 7,22 7,22
221 Vineyards 7,10 7,15 5,45 5,12 5,12
222 Fruit trees and berry plantations 20,76 | 21,47 | 45,74 | 59,21 59,22
231 Pastures 2,24 2,60 2,22 1,43 1,45
242 Complex cultivation patterns 92,52 | 97,30 | 71,06 | 66,16 66,14

Land principally occupied by agriculture

243 with significant areas of natural vegetation 84,79 | 84,32 | 84,56 | 8576 85,68
311 Broad-leaved forest 14,93 | 16,34 | 18,50 | 19,73 19,73
313 Mixed forest 0,07 0,04 0,04 0,03 0,03
324 Transitional woodland-shrub 4,98 4,42 5,18 4,91 4,75
331 Beaches - dunes - sands 0,94 0,34 0,27 0,28 0,26
411 Inland marshes 0,45 0,73 0,88 0,89 0,87
511 Water courses 11,68 11,72 11,71 11,73 11,70

(European Environment Agency, 2016, 2020; Republic of Serbia — Ministry of Environmental Pro-
tection — Environmental Protection Agency, 2023; OpenStreetMap Contributors, 2017)

Hajehe arncosytre u pesatuBHe nmpoMene (Tabesa 1) youeHe ¢y kKoj ypbaHUX Kjaca
(112, 121), MOJ/POTIPUBPETHUX KaTeTOpHja (211, 221, 222, 242) U MIYMCKUX MOBPIIKHA (311),
LHITO yKasyje Ha CHaXHy TpaHchOpMaIyjy TPagUIMOHAIHE IPOCTOPHE CTPYKType
arpoeKocucTeMa.

Ca. 1. I'paguuxu npuxa3d npomeHra kopuwhera 3emmpuutHoe nokpusaua (km2) npema CLC 6a3u
nodamaka 1990—2018. 2o0ute (European Environment Agency, 2016; 2020; OpenStreetMap Con-
tributors, 2017; Republika Srbija — Ministarstvo zastite Zivotne sredine — Agencija za zastitu
Zivotne sredine, 2023) (noz2aedamu y exe. ep3uju mexkema cmp. 339)

—  JIuckOHTHHYHpPaHO yp6aHo mompydje (112): Acic 1990—2018 = +11,8%, ARC = +0,132
km2/rog, CCI = 1,238%. Pacr je KOHTHHyWpaH y CBUM IOJUHTEPBAINMA,
HaJUHTEH3UBHUjU 2006—2012 (Acic = +5,33%; ARC = +0,297 km2/rox). Pa3Boj oBe
KJIace je y BEJINKOj MEepU YCJIOBJbEH MMUTPAIOHUM IIPIJIMBOM CTAHOBHUIITBA U3
[EHTPATHUX U jy»KHUX JiesioBa Cpbuje mouerkom XXI Beka, IITO je OBEJIO A0 MojadyaHe
nepuypbanusanyje (Muwtnaunh, 2004). Hajeehe nmperme 3a6esekeHo je y HaceJbuMa
Kanyhepuna, Jlemrane u BuHua, r7ie Cy MOJBOIPUBPENHE TapIiesie IPeHaMemheHe Y
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WHIUBUYaTHY cTaMOeHy M3rpazmy. IIpenasHe MaTpuIle mokasyjy Aa je Hajpehu zeo
HOBHX ypOaHUX MOBPIIMHA HACTa0 HAa pauyyH Karteropuja 211 (OpaHHIlE KoOje ce
HEHaBO/IHHaBajy) U 242 (KOMILIEKCH Tapliesia Koje ce obpalyjy).
WNHupycrpujcke/komepuujanite jenuHUne (121): Acre 1990—2018 = +92,77%, ARC =
+0,028 km2/rox, CCI = 0,257%, ca yop3ameM mocje 2000. roguHe. OBaj pact je
[OBE3aH Ca IINPEHeM IIPOU3BOHUX IIOTOHA, CKJIAIUINTA U TPTOBHHCKUX 00jeKaTa Iyx
CMeziepeBCKOT IyTa, IMOACTAaKHYT MUTpalyjaMa U PacTOM JIOKaJIHE IOTPOoIIavke Gase.
ITpenasHe MaTpuie yKasyjy Zia ce moBehame OBe KaTeropuje Hajuerrhe gerraBano Ha
pauyH 211 (OpaHHIIE KOje ce HEHABO/IEbABA]Y).

ExcrutoaTanuja MuHepaaHux cupoBuHa (131): Acic 2012—2018 = +46,67%, ARC =
+0,005 km2/rog, CCI = 0,046%. Hajsehu pacr je y nepuozy mociie 2012, y KopeJanyju
ca mojauaHoM rpaljeBuHCKOM akTuBHoihy y Beorpamy. Jlokanuzanuja OBHX
aKTHUBHOCTU je YIJIABHOM y HacesbrMa boiteu u Jlemrane (kaMeHOJIOMU, EKCILIOATAIja
rpaljeBUHCKOT MaTepHjaa).

Henonwje (132): AcLc 1990—2018 = +15,56%, ARC = +0,003 km2/rox, CCI = 0,023%.
Mako MOBpIIIMHE JIETIOHMja YUHE MAJIU Y0 Y YKYIIHOj TEPUTOPHJU OIIITHHE, HUXOB
TopacT je 3HAayajaH HHAWKATOp IMPHUTHCAKa Ha JKUBOTHY cpenuHy. Hajsehu pact
3a0ejie’keH je y Tepuo/ly HaKOH 2012. TOAMHE, JEJIOM Kao IOCeTUIla IINpera
nocrojehux jokarja ¥ HehOpMaTHOT O/jIararba OTIIa/1a y 30HaMa pybOHe ypbaHusaiyje,
IIITO YTUYe Ha IeTPa/Iallkjy 3eMJbUIITA U KBAJIUTET IIOI3eMHUX Bozia. Takole, moBehaHa
je TOBpIIMHA CaHUTApHE /IeIIOHHWje y Hace/by BuHua, anu u 6e3 o03upa Ha
OpraHM30BaHUje OjyIarabe OTHasia 6poj M MOBPIIKHE TUBJbUX JIENIOHH]a HA MPOCTOPY
ommTrHe I'polka cy cBe IpUMeTHHje U IPEACTaB/bajy €KOJIOIIKH IPO6IeM.

OG6pa/ivBe IOBPIITHMHE KOje ce HEHABOKaBajy (211): AcLc 1990—2018 = —73,22%, ARC =
—0,705 km2/rozm, CCI = 6,587%. HajBehu maz je 2000—2006 (AcLc = —35,2%; ARC = —
1,725 km2/rom) u 2006—2012 (Acrc = —62,1%; ARC = —1,972 km2/rox). I1az je Hajsehu
Yy HHTEpBAJINMA 2000—2006 U 2006—2012, IITO yKa3yje Ha HHTEH3UBHY IIPEHAMEHY Y
TpajHe 3acajie (222) u ypbane nopiiuHe (112). ['youtak patapcke OCHOBE 3HAUH U
ryOWTaK 7eja TPaAWUIMOHAIHE IIPOU3BOZIbE JKUTADHIA M KPMHOT Owba, ajd H
JIUPEKTHO yTHUE Ha HATJIO CMarberhe 6poja gomahuHceTaBa Koja ce 6aBe cTouapcTBoM. Y
neprioay u3Mel)y ZiBa MMocjIeiba MOMuca moJbonpuBpeze (2012—2023) 6p0j YCIOBHUX
rpJia omao je ca 3.833 (2012) Ha 2.622 (2023), a 6poj cTOUAPCKUX Ta3AMHCTaBa ca 1.860
Ha 834. Hajsehu may 3abeseskeH je kKoj cBuma (ca 7.634 Ha 2.893 rpsa) u y 6pojy
momahuHCTaBa Koja Mx ysrajajy (ca 1.152 Ha 458), J0K je KOx oBalia M Ko3a Takolhe
TIPUCYTaH HETATUBAH TPEH/, a OpOj roBe/a ocTao pesatuBHO ctabuian (P3C, 2025).
Bohmaru u crainu 3acanu (222): Acrc 1990—2018 = +185,26%, ARC = +1,374 km2/ron,
CCI = 12,833%. Hajsehu mopacr je 2000—2006 (Acic = +113,0%; ARC = +4,045
km?2/rox) 1 2006—2012 (AcLc = +29,45%; ARC = +2,245 km2/rop). Pact oBe KaTeropuje
oJpakapa Ipesa3ak ca TPAAUIHOHAIHUX PATAPCKUX KY/ITypa U BUHOTPA/a Ha BHCOKO
npodurabuiao BohapcTBo (jabyke, Kajcuje, GpecKBe, TpEIIibe), Y3 HHBECTHIMjE Y
caBpeMeHe 3acafie.

IMoBpiuHe ™oz BUHOTpazuMa (KoA 221) y mepuomy 1990—2018. 3abesiexeH je
pestatuBHU naz of Acrc = —27,88%, 11ITO Mpe/icTaBsba TybuTtak of —0,071 km2 rozuiime
(ARC), ca yKyIIHHM YZeJIOM amCoJyTHe IIpoMeHe y moBpIinHU ommTuHe of CCI =
0,662%. Hajeehu naz je eBueHTHpaH y HHTEPBALY 2006—2012 (AcLc = —12,45%), TOK
jey nmepuozy 2012—2018 JUHaMUKA ryouTKa yernopeHa (AcLe = —4,12%). Mako je ykynHo
CMamehe ITOBPIINHA PEJTATHBHO YMEPEHO y Iopeljerby ca a/joM opaHuna (211), 3Havaj
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OBe KaTeropuje 3a JIOKAJIHU WIEHTUTET U eKOHOMHUjy ommrThHe I'porka je u3pasuTo
BHCOK. BHHOrpaZiapCcTBO MMa BHIIEBEKOBHY TpPAJUIH}y, VCIOB/BEHY IOBOJFHHUM
KIMMATCKUM YCJIOBHMa, KOHGUrypauujoM TepeHa (0yiare jy:kKHe U jyTOHCTOUYHE
€KCITO3WIIMje MajuHa) W OJU3UHOM TPIKUINTA IPECTOHHIE, mTOo omoryhaBa Op3
IUIacMaH CBeXXeT rpokla U BUHCKUX MpousBoza. I1penasue matpuiie (Matrix of Land
Cover Transitions) mokasyjy aa je Hajpehu /1eo0 n3ry6/beHUX BUHOTPACKUX MTOBPIITHHA
Mpelao y KaTeropujy TPajHUX 3acaza Boha (koj 222) u y Mam0j MEPH y KaTerOpUjy
JIUCKOHTHUHYHpAHOT ypbaHor mozpydja (kox 112). OBM mpolecw cy IOBE3aHU ca
TPaH3UIIOHUM IIPOMeHaMa y arpapy HaKOH 2000. TOUHE, YKJbYUyjyhu PeCcTUTYIH]Y,
dparmeHTanyjy napuesa, IPOMeHy BJIACHUYKE CTPYKTYpe M OpUjeHTAlHjy Ka
KyJITypaMa ca BehoM TpKUIITHOM JJOOUTH.

Komruieken napiiesa koje ce 06palyjy (242): Acrc 1990—2018 = —28,51%, ARC = —0,942
km2/rox, CCI = 8,802%. OBa Kiaca, Koja IpeZiCTaB/hba MO3aUK MAarbUX Iapifesia Moy
Pa3JIMYUTUM KYJITYpaMa, YecTO Y BIACHUINTBY BHUIIE rasZHCTaBa, TPAJUIINOHAIHO je
Omia IpHCyTHA y 30Hama ca MEIIOBUTOM IIPOM3BOAKOM (paTapcTBO, IOBPTapCTBO,
BUHOTpajy, Bohmanu). FbeHO cMambele yKasyje Ha PAClaj, arpapHOr IPUBPEAHOT
CEeKTOpa ycJies MMpolieca KoMacallyje, IpeHaMeHe y TpajHe 3acazie (222), anu u ycien
ypOaHU3aIUjCKOT TPUTHUCKA. Y 30HaMa O/kuM ypbOaHUM je3rpuma, HocebHO y
Kanyhepuru, Jlemranuma v Bosedy, KOMIUIEKCHE TIapIiiesie YCTyIajy MeCTo CTaMOeHOj
u3rpamu (112), 0K y pyOHUM JIeJIOBUMA OIIITHHE JIE0 TUX IOBPIINHA IPEIa3u y
LIyMCKe KaTeropuje (311) Kao pe3yJiTaT HalylTamka 00pajie v IPUPOAHE CyKIECH]E.
Mammwanu (231): AcLc 1990—2018 = —35,27%, ARC = —0,028 km2/rozx, CCI = 0,263%.
CMarbebe MalIBHavuKHX MOBPIINHA Haju3paskeHHje je y MPBOj AelleHHj! aHATU3UPAHOT
Teprosia, Kajia je /Ieo MpeTBOpPeH y Bohmake (222) M KOMIUIEKCE Maplesa Koje ce
obpabhyjy (242), mok je y 30HH ypbaHHX NPUTHCAKA JOILIO JO IHHXOBE IOTIIYHE
KOHBep3uje y cTaMOeHy W KOMepUMjayiHy usrpajamy. OBaj TpeHZ ofpakaBa Iaj
cToyapcTBa y ONIITHMHH ['porka, IITO je AO0AaTHO YTULAJIO Ha JIeTpasiaiiujy
TPaIUITMOHATHOT arpapHOT Iej3aa.

Jlucromazne tyme (311): Acrc 1990—2018 = +32,15%, ARC = +0,171 km2/roz, CCI =
1,602%. IlopacT je JOMUHAHTHO IMOCJIEINUNA CEKyH/IapHE CYKIECHje Ha HaIyIITeHUM
TIOJHOTIPUBPEHUM MapIiesiaMa, HAPOYUTO Y BUIIUM U Matbe MPUCTYIIAYHUM JIeJIOBUMA
Iporike (ump. oxkosimHa Jlpakiba, JKuBkosiia, Kamenmosna). OBe IMOBPIIUHE HMAjy
€KOJIONIKY QYHKIM]Y y OUyBamby OMOMMBEP3UTETA U 3AIITUTH 3€MJBUIITA Of €PO3Hje,
aJT ICTOBPEMEHO 03HAUaBajy TPajHU T'YOUTAK MOJHOIIPUBPEIHOT MIOTEHITHjaIa.
MemoBute 1yme (313) U Tpea3HU IIyMCKO—XOyHacTH TepeHu (324): WMako cy
aliCcoJIyTHE IIPOMEHE Mame y OJHOCY Ha JINCTOIQJHE IIyMe, OBe KaTeropuje WUrpajy
3HAYajHy YJIOTY Ka0 IpPeIa3Hu 00JIUIM H3Mel)y MOJbOIPUBPEAHUX U HOTILYHO LIyMCKHIX
noBpinHa. [IpesazHe MaTpUIlE YKa3yjy /1a je ’BUXO0B PACT y BEJIMKO] MEPH IOCJIENUIA
TocTernieHe HaTypaJiHe CYKIeCHje Ha mapiiesiaMa Koje cy HaryiiteHe 36or jemMorpadckor
CTapera CTAHOBHUIITBA U CMAaHeHOT €EKOHOMCKOT HHTepeca 32 II0JbOIIPUBPERY

[Tnaske, muHe, meckoBH (331): Acrc 1990—2018 = —72,34%, ARC = —0,024 km2/roz, CCI
= 0,227%, NpU 4YeMy ce paZl O MaJINM IOBPIIMHAMA U JIOKAJIHUM H3MeHaMma y
npuobaswy. [leo omutute (Bunua, Boseu, Puronek, 3akionaua, I'poiika, BpecToBuk) ce
TIpOTeKe Ty>K JIeBe obase JlyHaBa, a y FbeHy IMOBPIINHY CIIa/1a U BUIIIE PEYHUX OCTPBA Ha
KOjIMa Ce y 3aBHCHOCTH OJf BOZIOCTaja jaBJbajy HelIvYaHe IUIaxKe.

BogoTokoBu (511) u 3aMouBapeHa mozapydja (411) IOKazyjy Maje alcoyJyTHE i y
TPOIEHTUMA BUIJbUBE TpoMeHe (HIp. 411: AcLc 1990—2018 = +93,33%), Y3 orpaHHYEH
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VTUIA] HA YKYIHY MOBPIINHY, &y 3HA4YajaH 3a JIOKAJIHE XUAPOJIOIKe yciyre. ako
MOBPIIMHCKH HE3HATHE, OBE KaTeropvje Cy OJ K/bYYHOT 3Hauaja 3a OUyBame
€KOCHCTEMCKHUX YCJIyTa, Kao IITO Cy peryJanuja XuIpoJIONIKOT peKuMa, (prarpaiiyja
BoJie U 00e30ehuBarbe CTAaHUINTA 32 PETKe BpcTe. YOueH je 6Jiar maJi IOBPIIMHA HOJ,
BOZIOTOKOBMMA (511) Y TIOjeAMHUM 30HaMa, IIITO Ce IOBOAM y Be3y ca BHIlle (pakTopa:
JIETMMUAYHAM PETYJIHCAIbEM ¥ KAHAINCAEEM TOKOBA, CMAIGEEHEM IIPOTOKA YCIIE[
KIMMATCKUX TPOMEHA U CYIIHHX IIePHO/a, Kao U MmoBehaHUM 3axXBaToOM BOZe 3a
HaBOJ[thaBalbe y MHTEH3UBHUM Bohapckum 3acasuma. Ha mprobasby JlyHaBa youaBa ce
U yTUIaj ypOaHU3aIyje, Koja y MojeITMHUM CETMEHTHMA JIOBOJIU JI0 CMAherha IPUPOJIHE
obaJie 1 ierpazaiyje mpruobaTHUX CTAHHUIIITA.

Ca. 2. IIpomena xopuwhersa semauinoz nokpusaua onwmune I'poyka 1990—2018. no CORINE
aacuguxayuju (European Environment Agency, 2016;2020; OpenStreetMap Contributors, 2017;
Republika Srbija — Ministarstvo zastite Zivotne sredine — Agencija za zastitu Zivotne sredine, 2023.

—npuaazofeno) (noenedamu y eHe. 8epauju mexema, cmp. 342)

HNako CLC anamusza obe3beljyje moysgmaH yBuj y JAYyrOpodyHEe MIpPOMEHEe MOKpHBaya
3eMJBHUINTA HAa HUBOY OIIITHHE, OHa He oMoryhaBa uaeHTH(GUKANU]Y KPATKOPOUHUX H
CUTHOPA3MEPHUX MPOCTOPHUX BapHjalllja KapaKTEPUCTHYHUX 3a nepuypbaHe INpesere,
IIITO jEe y OBOM Pajy IOAATHO Pa3MOTPEHO KPO3 JIOMYHCKY aHAIU3Y CATEJIUTCKUX IOAaTaKa
Yy HapeJHOM OZIeJbKY.

Sentinel-2 anaausza noxpusaua sempuwma (2018—-2024)

Panu onyHe AyropoyHe aHan3e NpoMeHa MOKpUBayda 3eMsbuITa 3acHoBaHe Ha CORINE
Land Cover (CLC) 6a3u u carjiefaBarba HOBHjUX MPOCTOPHUX AMHAMHKA HAKOH 2018.
TOZIMHE, CIIPOBE/IEHA je ZOIMYHCKA aHaIu3a MpuMeHoM Sentinel-2 10 m ckyna mozgaTtaka o
mokpuauy 3emspuinTa (Esri & Impact Observatory, 2024), 3acuoanor Ha Copernicus Sen-
tinel-2 caumiuma (European Space Agency [ESA], 2015) 3a pedepenTHe rogute 2018. u
2024. AHanu3a je mpuMemeHa Kao BUCOKOPE3OIYIIHOHA ,snapshot® mpoiieHa cTpyKType
MIOKpMBaya 3€MJBHINTA, Ca IWbeM UHAeHTHUKAIMje KpaTKOPOYHUX IIPOMEHa U
VHyTpaIllihe IPOCTOPHE XeTEPOreHOCTH IOMIHAHTHUX TUIIOBA IIOKPUBaYa y NepuypOaHoM
MIpOCTOpy onmTuHe I'porka.

Tabena 2. Kaace nokpusaua semsmsuwima dodujere Ha ocHosy Sentinel-2 10 m ckyna nodamaka y
onwmunu I'poyka (2018. u 2024)

Kox Kiaca IToBpmmHa IToBpmmHa IIpomena 2018—
MOKpHBavya 2018. (km?2) 2024. (km?2) 2024. (km?2)

1 Bone 11,94 11,92 —0,02

2 Jpsehe 84,51 89,67 +5,16
ILn1aB/peHa

4 Bereramja 0,15 0,74 +0,59

5 YceBu 128,98 114,88 —14,10
Hasrpahene

7 Ho;jgn?m 55,25 62,69 +7,44

8 Oo6maru® 1,11 0,52 —0,59

11 Hammsavie 17,75 19,27 +1,52
TNOBPIINHE

IMozmpyuja mpekpuBeHa obJarMa NCKJ/byUeHa Cy U3 WHTePIIPETAIlje IPoMeHa IOKpUBaua
3€eMJbHUIIITA.

Ckyn mopataka 3acHoBaH Ha Sentinel-2 cHUMIIMA TpeZACTaB/ba  yHAIPET
K1acu(UKOBaH TOAMIIGY TPOU3BOJ IIPOCTOPHE pe3osynyje 10 m. Y OKBHpPY aHaIu3e
U3BPIIEHO je MPOCTOPHO HCEIAle I0aTaka Ha a[IMHUHUCTPATHBHY T'PAHUILy OIIITHHE
Iponka W u3pauyyHaBame MOBpIIMHA Mo Kiaacama y GIS okpyxkemy. JlobujeHe kiace
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MIPEJICTaBJbajy JOMHHAHTAH THII HOBPIIMHCKOr IIOKpPHBAaua Ha HUBOY IHUKCENIa, a He
dyakuonamHo JeduHUCaHe KaTeropuje Kopuinhema 3emsbumTa y cmuciay CLC
wiacuukanyje.

Ca. 3. IIpocmopHu obpacyu nokpusava semsmuwma y onwumunu I'poyka Ha ochosy Sentinel-2 10 m
ckyna nodamaxa 3a 2018. u 2024. 200uny (Esri & Impact Observatory, 2024; European Space
Agency [ESA], 2015 — o6pada aymopa); Kodosu kaaca: 1 — 8ode, 2 — Opsehe, 4 — nrasweHa
eezemayuja, 5 — ycesu, 7 — usepaljere nospwiuHe, 11 — nawra1ke nogpuiiHe; xaaca 8 (obrayw)
UCKbYUeHa je uz unmepnpemayuje (noenedmu y eHe. 8epauju mexema, cmp. 343)

Pesynratu Sentinel-2 ananuze (TaGena 2) ykasyjy Ha u3pakeH HopacT uarpaljeHux
MOBPIIMHA U MOBPIIMHA IIOZ JPBEHACTOM BereTanujoM y MEpHoOAy 2018-2024, y3
HCTOBPEMEHO CMambelhe aKTUBHO 0OpaljiBaHOr IOJBOIPUBPEIHOr 3eMJBHINTA (Kj1aca
»yCeBU“) H yMepeHO nmoBehame NallkbauyKiX MOBPIIMHA. YOUeHe IPOMeHe Y HOBpIINHAMA
IO/l BOZIaMa U IUIABJ/HEHOM BETeTaIljoM Cy MaJIoT allCOJIyTHOT obuMa U y HajBehoj mepu
YCJIOB/bEHE CE30HCKHM M XUJPOJIOIMIKMM YCJIOBHMA Yy TPeHYTKy CHUMama, JOK Cy
TIOBPIIMHE IPEKPUBEHE 00JIalNIMa UCKJbyUeHe U3 aHAIH3E.

HeonxoiHO je HarjacuTH a JUPEKTHO KBAHTUTATHBHO Mopeleme Kiaca o0ujeHnx
Ha ocHOBY Sentinel-2 mosataka u CLC kareropuja Huje METO/OJIONIKH OMPABAAHO, YCIIE
pasjvka y MPOCTOPHOj Ppe3oayirju (10 m y OAHOCY HA MUHUMAJIHY jEIUHUILLY
kaprorpaducama ox 25 ha y CLC 6a3u), TeMaTckuM KiaacupUKAIMOHUM IIeMaMa K
MeTofaMa npoaykiuje nogataka. Jlok CLC 6aza 06e36el)yje xapMOHM30BaH U AYyTOPOYHO
yIoOpeAnB OKBUP 3a mpaheme NMpoMeHa MOKpHUBaya 3eMJBHINTA HA PETMOHAIHOM H
HaIlMOHAJIHOM HUBOY (1990—2018), Sentinel-2 momanu omoryhasajy upgeHTHGUKAIT]Y
CHUTHOpPa3MEpPHUX IPOCTOPHUX BapHjalyja M KPAaTKOPOYHUX JUHAMHKA TUIIMYHUX 32
nepuypbaHe mpezere.

CxomHo ToMme, Sentinel-2 ananuza je y oBoM paay KopwuiiheHa HCK/BYYUBO Kao
JIOIYHCKA, IIOCT-2018 MHTEPIpPETAaTHBHA IIPOILIEHA, KOja MOApP:KaBa TyMauyelwe TPEH/I0Ba
naentudukoBanux Ha ocHoBy CLC mojaTaka Kao IITO Cy HacTaBak ypOaHOT ITHPErba,
TpaHchopManyje moJbONPUBPEAHOT 3eMJBHINTA U IPOMEHE BETETAIIOHOT MOKpHBayua 6e3
UMIUIMIIUpakha HyMepUYKe eKBUBAJIEHIMje u3Melly OBa [Ba CKyma IIOZlaTakKa.
KombunoBamweMm gyropoune konsucreHTHoctu CLC 6ase 1 mpocTopHe JeTa/bHOCTH Senti-
nel-2 momaraka 3HauajHO ce yHampelyje uHTepmperairja TpaHcopMalja IoKpruBada
3eMJBHIIITA Y TepUyp6aHOM IPOCTOPY ominTrHe I'porka.

Jemoepagcko-exoHOMCKU 0K8UD azpapHux mpaHcgopmayuja

Hemorpadceku pa3eoj ommtuHe I'poifka y mepruoay o 1961. o 2024. TOAUHE IIOKa3yje
jacHo uznBojeHe (aze pacra, crabwimsaiuje U HOBHUje crarHanuje (Tabena 3). Hakon
YMEDPEHOT IopacTa y IOCJIePaTHOM IIEPHO/AY, OIMIITHHA y1a3u y ¢ha3y MHTEH3UBHOT PACTa
CTAaHOBHMIITBA u3Melly 1960-ux u 1980-UX IOAMHA, IPEe CBEra Kao MOCJIe[uIia mpoieca
cyOypbaHu3alyje 1 MUTpalyja us 1eHtpaste u jy:kae Cpouje. [loueTkoM 2000-UX TOJTMHA
(ITortue 2002), 6poj CTAHOBHUKA je MpeMaNIuo 75.000, unMe je ['porka cBpcraHa mehy
Haj6prke pactyhe nepuypbaHe ONIITHHE Y OKBUPY O€0rpajicke METPOIIOIUTEHCKE 30HE.

Jyropouna gemorpadcka myTama onmtrHe I'porka nprkasaHa je Ha Coui 4, koja 1aje
VIIOpeHU IIperviesi KpeTama Opoja CTaHOBHMKA U Opoja momahuHcTaBa y nmepuony 1948—
2022. ropuHe. I'padrkoH jacHO ykasyje Ha pa3aBajare TPeHA0BA KOHTHHYHUPAHH pacT 6poja
JomahuHCTaBa HACYIPOT CTarHANMjU U 6JIATOM OIAJIalby YKYIMHOT 6poja CTAaHOBHUKA IITO
ymyhyje Ha nporiece iemorpadcke HHANBUAYIN3AlIMje U CTAPEha CTAHOBHUIIITBA.
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Ca. 4. [lemoepagcku nokazamesvu: ynopedHu npeaaed bpoja cmarosHuka u domahurcmasa 1948 —
2022. y nacesuma Onwumure I'poyxa (P3C, 2014; 2023; 2025) (noeaedamu y eHe. ep3uju
mekcma, cmp 345)

NHpekce nemorpadckux npomena (DPI) noxatHo noTBphyje oBy IUHAMUKY. Y TIEPHOAY
1991—2002. roauHe DPI uzHocuo je +8,67%, Mok je Hajpehu pesraTUBHU pacT 3a0esieskeH y
uHTepBaIYy 2002—2011 (DPI = +11,19%), mITO Ce BpEeMEHCKU IOKJIama ca yOp3aHUM
mupemeM wusrpaljenux noppmmHa uaeHtudukoBanuM kpo3 CORINE Land Cover
aHaynu3y. HakoH 2011. rofuHe 0s1a34 10 3HaYajHe IPOMeHe JeMorpad)CKuX TPeHI0Ba: Y
nepuoay 2011—2022. DPI mocraje HeratuBaH (—1,31%), IITO yKasyje Ha gemorpadcky
3acuheHOCT U oYeTaK onasama 6poja CTAaHOBHUKA, YIIPKOC /IJaJbeM IIPOCTOPHOM IIUPEY
cTaMOeHUX 30Ha.

Tabena 3. Pase pacma cmanogHuwmea u domahurcmasa y onwmunu I'poyka (1948—2024)

ITepuop, CTaHOBHHUIITBO Ancoryria JomahuHcrBa Kowyuna nemorpagera
IIpOMeHa daza
1948-1961. | 28.927 — 32.836 +3.909 6.164 — 7.938 yMepeH;;CC;IepaTHH
HMHTeH3uBHA
1961-1981. | 32.836 — 54.599 +21.763 7.938 — 15.222 cyGypbanusamia
1981-2002 | 54.599 — 75.466 +20.867 15222;’21; MMmurpanuonu pact
_ 24.313 — Jemorpadcku
2002—-2011 | 75.466 — 83.907 +8.441 27.134 MAKCHMYM
2012— 83.907 — 27.134 — Jemorpadcka
-1.097 :
2022. 82.810 31.333 crarHanyja
2022; 82.810 — 83.012 +202 - KpaTKOpqug
2024. crabuinzaija

* mpoueHe craHOBHUINTBA; 3Bop: P3C (2014; 2023; 2025)

BaxHO je HaryIacUTH JIa HOBHja crabmiausanuja 6poja CTAaHOBHUKA HUje IOCTIEAMIA
npupogHor npupamraja. Of cpefuHe 2010-UX TOAMHA, Y OMIITUHU ['pouka Genexu ce
KOHTHUHYHPAHO HEraTWBaH INPUPOAHU IPUPAIITAj, KOjU je MOCeOHO HU3PaKEH TOKOM
nanaemuje COVID-19 (2020—2021). lnak, IO3UTHBAaH MUTPAIUOHU CAJIJIO j€ IETUMUYIHO
KOMIIEH30Ba0O MPUPOAHHU T'yOUTAK, IITO je YCJIOBWIO KPATKOPOYHY cTabmiu3anujy 6poja
CTAaHOBHUKA HaKOH 2022. roauHe (Tabena 4). 3a 2011. TOAUHY MUTPAIMOHU CAJII0 HUje
EKCIUTHIIUTHO McKazaH y u3zBojeHuM STAT tabenama; cTora ce MHTEpIIpeTaIja TpeHaa
ocjIama MPeBacXOAHO HA MEPUOL 2012—2024. roaune. OBakea femorpadcka CTPYKTypa
objanrbaBa IPUBUIHY MMapaJioKC HACcTaBKa ypOaHU3aIlije y yeaIoBruMa craruupajyher wiu
omazajyher 6poja cTaHOBHHKA.

Tabena 4. [IpupodHo kpemare CMAHOBHUWMBA U Mu2payuoHu cardo y onwumutu I’ pouyka (2011—
2024)

Ilepuon HPHPOHH(% 43) Hparrra) Murpanuonu canio JloMuHaHTHU (PaKTOD
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Bsaro nosurtusaH 10 .
2011-2015. HeyTpanas a ITo3utuBan Cybypbane murparyje
2016—2019. HerartuBau ITo3uTuBaH Komnensauyja npupozsor
ryouTKa

2020— .

2021 W3pa3uTo HeraTuBaH CmameH Yrunaj COVID-19

2022— ITosuTuBan .

HeratuBan
2024, eraTuBa (+311 10 +421) Murpaiuona crabuansarmja

N3zBop: P3C (2025), STAT 6a3a noparaka

Junamuka momahuHCTaBa I0IaTHO TIOTBPY)yje OBaKBY WHTepIperanujy. Fako je pact
6poja cTaHOBHUKA yCIIOPeH, 6poj qoMahuHcTaBa HacTaB/ba KOHTUHYHPAHO /Ia pacTe, IIITO
orpakaBa Iporece JeMorpad)cke WHAUBUAyATIU3AIMje CMambere IPOCeYHe BeJINYUHE
nomahuHCTBA, CTapeme CTAHOBHUINTBA U pacT Opoja CcaMauykuX U CTapadyKuX
momahuHcraBa. OBaj TpeHZ Onp)KaBa MOTPAKEKY 3a CTAaMOEHOM H3rPagiBboM Y
nepuypbaHUM HacebUMa, 6€3 MPOMOPIMOHATHOT MOpAacTa YKYIMHOr Opoja CTAaHOBHUKA.
Pact 6poja momahmHcTaBa, a He pacT YKYIHOT Opoja CTAaHOBHUKA JIOIPUHOCH
KOHTHHYHWPAHOM INUPEmY AUCKOHTHHyHpaHor ypbauor tkmBa (CLC kimaca 112) TOKOM
2000-UX 1 2010-UX FOINHA, TOCceOHO y TepuypbaHUM HacesbuMa.

Tabena 5. HHdukxamopu cmapera u demozpagcke 3agucHocmu y onwmuHu I'poyka (2011—2024)

Wupukatop 2011. 2024. IIpomeHa
YKynHU KoepUIHjeHT 3aBUCHOCTH 41,3 57,7 +16,4
Koedurujent Miagux 22,2 24,5 +2,3
Koedurujent crapux 19,1 33,1 +14,0
Ynaeo crapux (65+) - y mopacry 3pakeHo cTapeme

UsBop: P3C (2014; 2025)

IToka3zaTesbll CTapOCHE CTPYKType YKa3yjy Ha HU3Pa’KEHO CTaperhe CTAHOBHHIITBA.
U3wmelly 2011. 1 2024. ToIMHE YKYIIHU KoedUIIMjeHT 3aBUCHOCTU ToBehaH je ca 41,3 Ha
57,7, Ipe CBera yCJIe, pacTa y/iesia CTapujer 3aBUCHOT CTAHOBHUIITBA (HAa OCHOBY HpPOIleHa
craHoBHUINTBA; Tabema 5). OBH TPEHOBH HMajy AWPEKTHE IOCTENUIIE MO arpapHe
CUCTEME, jep CMamyjy PACIOJIOKUBY PafiHy CHAry, MOACTHUYY HAMYIITAlkhe 3eMJbUIINTA U
ycMepaBajy IpOU3BO/bY Ka Matbe PaJIHO MHTEH3UBHUM OOJIMIINMA TTOJHOIIPUBPEIE.

IMoman momuca MOJFONPUBPEZE MOAATHO TOTBPYYjy HaBenmeHe aeMorpadcke
TIPUTHUCKE. Y TEPHOAY 2012—2023. ToANHE 6POj Tpjia CTOKE M CTOYAPCKUX Ta3UHCTaBa
3HAYAjHO je 0Ia0, 0K Cy TPajHU 3acaiu, moceGHO Bohmalu, moBehanu cBoj yzeo y yKyIHOj
MOJBOTIPUBPENHOj TpOM3BOAbKU. OBa CTpYKTypHa TpaHcdopMalidja yckialheHa je ca
npomMeHaMa nokpuBaua 3emspuinta uaeHTudukosanuM CORINE ananmszom, HapouuTo ca
cMambemeM opaHuIa (Kiace 211 U 242) U IopacToM TpajHUX 3acaza (kiaca 222).

YKyIIHO IOCMAaTpaHo, AeMorpadCcKo CTapere, HeraTUBaH IPUPOAHM IPHUPAIITaj U
MUTPALOHO YCJIOBJbeH pacT 6poja gomahmnHcTaBa Ipe/CTaB/bajy K/bydHe IIOKpeTaue
arpapHux TpaHcdopManyja y ommtuHA I'ponka. OBH NpoIEecH MOAYNHUPY KOHBEP3U]Y
KOMIUTEKCHUX obpasaria obpajie y TpajHe 3acajie v ypbaHe MOBPUINHE, TUPEKTHO yTHUYhU
Ha OZIP’KMBOCT U MyJITU(QYHKIMOHAJIHOCT IIepHypOaHe IOJbOTIPUBPEE.

Jduckycuja
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AHa3a IPOCTOPHUX, IEMOTpad CKUX U arpapHUX MHANKATOPA y ONIITHHU ['porka ykasyje Ha
BHIIIECTIOjaH TIpoIlec TepuypbaHe TpaHcopMalije, Koju je OOJIMKOBaH MelycoOGHUM
JleJIoBatbeM  TpOMeHa Yy  Kopullthery 3eMJ/BHMINHOT  IOKpUBaya, JaeMorpadckor
PECTPYKTypuparba 1 GyHKIIHOHAIHOT ypoaHor yTruliaja rpaga beorpazma. Ha ocHOBY BpemeHcke
cepuje CORINE Land Cover (CLC), meproj; 1990—2018 KapaKTepHIIIE CHCTEMAaTHYHO CMAakherhe
MOJLOIIPUBPEZHUX ITOBPIIMHA, y3 HCTOBPEMEHO IINperme U3rpaljeHuX 30Ha U IIyMCKUX
KaTeropwuja, I1ITO yKa3yje Ha IyTOpOUHy peKOH(UTYpaIH]jy epruypOaHoT Iej3aka.

HajuspaskeHuje mpoMeHe OIHOCE Ce Ha IaJi OpaHHIA KOje ce HeHaBO/maBajy (211) u
KOMILIEKca mmapiiesia Koje ce obpalyyjy (242), kao 1 Ha ©CTOBpeMeHO ToBehabe MOBPIITHHA IO/
TpajHUM 3acaauMa (222) u JucromagHuM Irymama (311). OBH TpPEHJOBU OZIpaKaBajy
HCTOBPEMEHO JIeJIOBare YPOAHUBAIMOHUX MPUTHCAKA M arpapHOT PeCTPYKTYpUpama, IpU
YeMy Ce PaZHO WHTEH3WBHU U (pParMeHTHCAHU MOJBOIPUBPENHU CHUCTEMU IOCTEIIEHO
3aMelbyjy Mame 3aXTeBHUM OOJHIMMa Kopuihera 3eMJBUINTA WIM Ce HAIYINTAjy, IITO
omoryhaBa ceKyHAapHy cyKiecHjy. CJIMYHU Tpoliect 3abesieKeHu ¢y Y epuypOaHuM 30HaMa
jyroucroune u neHTpasHe EBpore, rie Aearpapuzaliija ¥ HAMyIITAle 3€MJBUINTA YECTO
KOET3HMCTHPAjy ca CeJIEKTUBHOM TI0JhOIIPUBPENHOM nHTeH3UprKaimjom (Pejnovié et al., 2015;
Simoncic et al., 2024).

Ca memorpadckor acrexra, onmTuHa ['ponka mokasyje jacad mpesias ofi IMUTPAIHOHO
YCJIOBJBEHOT PacTa Ka IeMorpadCKoj CTarHaluju, IPY YeMy [OCTIEAN Me]yITONICHH TIEPUO/
(2011—2022) Gesnexxku HeraTuBaH UHAEKC AeMorpadceke mpoMene (DPI). OBaj 3a0Kper je mpe
cBera IOCJIEAUIA TPAjHO HEraTMBHOr INPUPOJHOr IIpPHpAIlTaja U U3PaXKEHOT CTaperba
CTAaHOBHMIIITBA, IOK YHYTpPAIIlEhe MUTPallije OCTajy IO3UTHBHE, aJTH HEOBOJBHE J]a KOMIIEH3Y]Y
MpUpPOJHE T'yOuTKe. BaskHO je Haracut Ja oBa jemorpadcka CTarHanyja He 3Haud U
3ayCTaB/batbe MMPOCTOPHE eKCIaH3uje, Oyayhu a 6poj momahuHcTaBa HaCcTaBJba Jla pacre, IITo
yKazyje Ha mporiece JieMorpadCcke HHIUBHUIyIN3AII]€e, CMAEHE BEIMYUHE IOMANUHCTABA U
noseharbe y/iesia CTapaukuX U CaMayKix JIOMaNMHCTaBa.

Pacr 6poja nomahuHcTaBa, a He YKyIaH OPACT CTAHOBHUIIITBA, MTOKA3yje ce Ka0 KJBYYHH
daxrop koju objarmaBa KOHTUHYHPAHO HIUPEe AUCKOHTHHYUpaHor ypoaHor Tkusa (CLC
112) TOKOM 2000-UX U 2010-MX TOAUHA, HAPOUYHTO Y HACEJbMa Ca HU3PAKEHOM
(byHKIMOHATHOM ¥ HMH(PACTPYKTYPHOM ITOBE3AHOIINY ca METPOIOJIUTAHCKAM CHCTEMOM
Beorpama (Kamyhepuria, Jlemrrane, Burnua, Boneu). OBaj Hanas je y CKIagy ca INIUPUM
mpoliecuMa TepuypbaHuzaiyje y ApyruM OeorpajicKUM OIIITHHAMA, TAe Ce MPOCTOpHA
€eKCIIaH3Mja HAaCTaBJba Uy YCJIOBUMA CTarHaIlfje win 61aror maza 6poja cranoBHuKa (Spalevic,
2013; Gatari¢ & Percan, 2024).

ITocenue OBHUX IIpolieca IO arpapHy CTPYKTYpy cy 3HauajHe. JleMorpadcko crapeme u
CMamerbe PACIIOIOKUBE PAJIHE CHAre YOP3asIM Cy OIa/iarhe CTOYapCKe ITPOU3BOJEbE U PATHO
VHTEH3UBHUX IOJHOIIPUBPETHUX CHCTEMA, JOK Cy TPajHH 3acaay, HApOuuTO BOhmamy,
niosehastu CBOj yzeo, octamajyhu ce Ha 6IM3HHY TPIKHUIITA, TIOBOJPHE arPOEKOJIOIIKE YCIIOBE, U
Mame 3axTeBe y momieqy pasa. OBO pecTpyKTypUpaime je y CKIafy ca IojanyMa IOIuca
HOJBOIIPUBPEZie (2012—2023) M KOPECHIOHJHMpa ca IIPOMeHaMa IIOKpHBAa4ya 3€MJBHIITA
naentudukosanuM y CLC aHasm3u, moceOHO ca CMamemeM OpAaHHIA M MO3AWYHHX
HOJBOIIPUBPEIHUX MOBpIIMHA. Vcropujcka opujeHTanuja I'ponke ka BohapcTBy u
BHUHOTPAJIAPCTBY MMa CTOra ZBOCTPYKY VJIOTY: C jejHe cTpaHe IoBehaBa PAarbHBOCT OBHX
MOBPINIMHA HA ypOaHy KOHBEP3Hjy, a ¢ JIpyre CTpaHe MpeZCTaB/ba Pa3BOjHU MOTEHIMjAT 3a
MyJITH(DYHKIOHAIHY M TPKUIIHO OpHjeHTHCcaHy Nepuypbany nossonpuspeny (Filipovic &
Obradovié-Arsié, 2010; Seéerov & Filipovié, 2015; Mihajlovié et al., 2026).
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¥ nopehemy ca gpyrum nepruypbanum ommriaaMa beorpaaa (MiageHosar, JIazapesari,
O6penoBan), I'polka fenu 3ajeMHUYKe M3a30BE K0 IITO Cy TYOHTAK MOJHOIPUBPEIHOT
3eMJBHINTA, Jearpapusalija U CTapelme CTAaHOBHUIITBA, aJId Ce H3/Baja IO PeIaTUBHOM
KOHTHHYUTETY HOJbOIIPHUBPETHOT KOpHUIIThemha 1 IOMUHALIMU TPAjHUX 3acaia Behe eKOHOMCKe
BPEIHOCTH. 3a Pa3IUKy O HHAYCTPHjCKU TpaHC(hOPMHUCAHUjUX TEPUypOaHKX 30Ha, I'polika u
JlaJbe 3aJIpKaBa MPOCTOPHO KOXEPEHTAH IOJHOIPHUBPENHU I0jac, IITO MPEACTAB/ba PEATHY
OCHOBY 3a IMPOCTOPHO u(epeHIHpane Mepe 3amrTure U pas3poja (Mihajlovié et al., 2026).
Crrusu 06paciy youeHu ¢y U y iepuypbaHuM 3oHama 3arpeba u JbybsbaHe, r71e KOHTUHYHUTET
mosbonpuBpeZie  oMoryhaBa  eduKacHHy  WHTerpandjy  IMPOCTOPHOr  IUIAHHUPAha,
TIOJHOTIPUBPE/IE U 3AIIITUTE KUBOTHE cpeziviHe (Pejnovié et al., 2015; Simoncic et al., 2024).

Haxo CLC 6a3a mojaTaka mmpy»a yjeZJHa4eH U YIIOPEIUB OKBHP 32 AyTOPOUHY aHATIHA3Y
MMOKPHBAaya 3eMJBHIIITA, FheHA IIPOCTOPHA PE30JIYIFja 1 MUHUMAaIHA KapTorpadeka jearuHura
OrpaHWYaBajy IETEKIV]y CUTHUX M KPATKOPOYHHMX INPOMEHA TUINYHUX 3a IepuypbaHe
mpocrope (Biittner, 2014), moce6bHO HakoH 2018. roguHe. JIOIYHCKE CATEUTCKE AHAJIA3E
3acHOBaHe Ha Sentinel-2 momarpMa (mocT-2018) AETUMIYHO YOsIaKaBajy OBO OTPAaHUYEIHE,
omoryhaBajyhu JieTeKIijy HOBUjUX NPOCTOPHUX AMHAMHUKA. MeljyTHM, OBH MOAALA HUCY
mupektHo yropervBu ca CLC kareropujama 300r pasjidka y IPOCTOPHO] PE30JIyIHjH,
KiacHbHUKAIMOHO] IEMA W METOMOJIOIMIKOM IPUCTYIy Kiacuduraiuju. Wmak, mHUXoBa
KOMOHMHOBaHa yIrotpe0a je aHaTUTUYKK OlpaB/aaHa, 6yayhu f1a oba n3Bopa I0CIENHO YKazyjy
HAa WCTH cMep TpaHcopManyja: KOHTHHYHpaHy ypOaHy €KCIaH3Wjy, arpapHO
PECTPYKTYpUpalbe U MPOMEHE BETETAIMOHOI MOKPHUBAua, YKMME CE jada II0y3aHOCT
VHTEPIPETAIIMjE YIPKOC METOOJIOIIKO] XETEPOreHOCTH.

Hastasu nMajy jacHe UMIUTHKALIMjE 38 OPKUBO YIIPAB/bAE 3€MJBHIIITEM Yy [IEPIYPOaHIM
30HaMa. Y ckiaay ca EBpPOICKOM cTpaTerujom 3a 3eMJBHIITE /10 2030. roguHe, CrpaTerujom
MOJBOIIPUBPEZIE U PYPaIHOT pa3Boja PemyOsnke Cpbuje u [IpoCTOPHUM ILIAHOM OIIITHHE
I'porika, mpuopuTeTHE Mepe Tpeba 1a obyxBaTe:

— IIPOCTOPHO W3/IBajalbe M IIPABHY 3AIUTUTY MPHUOPUTETHUX IOJBOIPHUBPEAHMX 30HA Ca
JoMuHAHTHUM TpajuuM 3acaguma (CLC 222) u mpeocranum komiuiekcrma obpaze (CLC 242);
— CTPOXKY KOHTDOJIy KOHBEp3Wje IIOJhOIPUBPENHOr 3€MJBUINTA Y 30HAMa HU3JIOKEHUM
WHTEH3UBHO] CTaMOEHOj eKCIIaH3HjH, KPo3 00Jby KOOpAMHAIV]Y YPOAHUCTUYKOT U arpapHOT
IUIAaHUPAHA;

— PEBUTAIM3AIM]y [AeTPaZpaHUX ¥ HAMYIITEeHUX TIOBPIIMHA, YKBy4dyjyhu OuBIa
€KCIUTOATAIMOHA TIOZIpyYja rpal)eBUHCKOT MaTepHjasia, MPUMEHOM arpoIIyMapCKUX CUCTEMA U
€KCTEeH3UBHUX IIOJbOIIPUBPETHIX IPAKCH IPIJIArol)eHNX IeMOrpadCKUM OTPaHIUIEhIMA;

— MHTETPAIH]jy arpoTypU3Ma U pypasIHOT TYPH3Ma Kao JOIMYHCKIX aKTUBHOCTH, OCJIOFE€HUX Ha
ouyBaHe BOhbaKe, BHHOTPAJIE ¥ TPATUIIIOHAJTHE TI€j3aKe;

— ycxnahuBame arpapHUX IMOACTUIAja CA ATPOEKOJIONIKMM KamaluTeTHMa M pe3yJITaTuMa
TIPOCTOPHOT 30HUPAha, YMECTO YHUGDOPMHHUX ITOJIUTHKA.

V nenunHy, nepuypbana Tpancdopmanuja ommTrHe I'porka IpeicTaB/ba CTPYKTYPHO
CJI0KEH TPOIIEC Y KOjeM UCTOBPEMEHO JIeJTyjy IpOMeHe Y KOPHUINey 3eMJBUIITHOT TIOKPUBAYa,
nemorpadcko craperme W (GYHKIMOHATHA ypOaHA WHTErpanyja. YIPKOC PasTuIUuTAM
M3BOpHIMA U BPEMEHCKOM 00yXBaTy MmoJjaTaka, KOHBEPTeHIHja MTPOCTOPHUX, 1eMOTPadCKUX 1
arpapHUX MHAMKATOPA MOTBPY)yje KOXEPEHTHY IyTamy MepUypOAHOT PECTPYKTYPUPAha, IIITO
IIPE/ICTaBIbAa IOY3/1aHy OCHOBY 32 HAYYHO yTeMeJbeHe U IIOJINTUUKY PEIEBAHTHE 3aKJbYUKe, Kao
u 3a Oyayha ucrpakuBarma.
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3ax/pydak

AHa3a TPOCTOPHUX, JAeMorpadCKux M arpoeKOHOMCKUX IpoMeHa y ommTuHHu ['porka
moTBphyje /ia je mepuypbaHu mojac Beorpaza TOKOM MOCTEMbUX JeleHMja IpoIao Kpo3
CJIOXKEH U IyTOTpajaH MPOIlec CTPYKTypHeE TpaHcdopMariyje, yeIoB/beH MeljycOOHNM /I1ejCTBOM
ypbaHu3a1yje, pecTpyKTypupama MoJboIpUBpesie U AeMorpadceke TpaHsunyje. Ha ocHOBY
pureremmopanaux CORINE Land Cover (CLC) moziataka 3a epros 1990—2018, TOMyEeHUX
CaTeJIMTCKOM aHAJTM30M MOKPHBaya 3eMJ/bHUINTA HAKOH 2018. roZiHe 3aCHOBAaHOM Ha Sentinel-
2 [OZIAIMIMA, U IETAJBHUX JieMorpadcKux WHANKATOPA, y pazy je obe36eheH cBeoOyxBaTaH U
METOZOJIOIIKY TpaHCIAPEHTaH YBHJ, y JUHAMMKY IIpOMeHa IIOKpHBaya 3eMJBHINTA Y
HUHTEH3UBHO TPaHCHOPMUCAHOM IIepHypbaHOM IIPOCTODY.

KanTturaTiBHE mOKasaresbu obujeHn npumveHom wuHzaekca ACLC, ARC u CCI, y
KoMOuHanuju ca Humekcom pgemorpadceke mpomene (DPI), omorvhuim cy jacHy
UIEHTU(PUKAIH)Y AOMUHAHTHUX TpaHC(HOPMAIMOHUX IIyTama Koje OOJIUKYjy IPOCTOPHY
JUHAMUKy ommuTuHe I'ponka. Pesysiraté HeBOCMUEIEHO yKasyjy HAa 3HAUajHO CMAaHEHhe
KJIACHYHOT OPAHWYAPCKOT 3eMJBHUINTA M MO3aWIHUX IosbolpuBpenaux cucrema (CLC 211: —
73,22%; CLC 242: —28,51%), y3 HUCTOBpEMEHH pacT TPAjHUX 3acaZia Kao JOMHHAHTHE U
E€KOHOMCKH crabwiHuje nosporipuBpenne karteropuje (CLC 222: +185,26%). OBaj mporec
TIpeZiCTaB/ba PEe3Y/ITaT TPXKUIIHO OpHjeHTHCAHe arpOEKOHOMCKE aanTalyje U CMameHe
JIOCTYITHOCTH PaJlHe CHAre ycJie]] cTaperha CTAHOBHUIIITBA, 2 He DABHOMEPHY UHTEH3UGMUKAII]Y
TI0JbOIIPHBPEHE TPOU3BOIEHE.

HcroBpemeHo, 3abeieKeH je KOHTHHYUPAHU PAaCT JUCKOHTHHYHUPAHOT ypOAHOT TKHBA
(112) ¥ UHAYCTPUjCKO-KOMEPIMjATHUX 30HA (121), MOCceOHO My:K IVIaBHMX caobpahajHux
KOPH/IOpa U yV Hace/bUMa ca HM3pakeHUM (YHKIMOHAJIHHM Be3aMa ca ypOaHUM je3rpoM
Beorpazga. IToce6HO je 3HauUajHO /1a ce OBa IPOCTOPHA EKCIaH3Wja HACTaBJ/hba U HAKOH 2011.
TofMHe, y ycsIoBUMa fieMorpadcKe cTarHargje, ITo ykasyje /ia pact 6poja qomahutcrasa u
Jemorpadcka MHANBUIyaIM3alfja — a He YKyITHU IopacT Opoja CTaHOBHUKA — MIPEJICTaBIbajy
KJbyYHe [TOKpeTayue [eprypOaHOr 3ay31Mara 3eM/BHUILTA.

ITopacT MOBpIIMHA HAaMEHEHHMX EKCIUIOATAlMji MUHEPAJTHUX CHpPOBHHA (131), HAKO
PeJIaTHBHO OIPAaHHYEH y AICOJIYTHHUM IIPOCTOPHHUM pa3MepaMa, MMa HECPA3MEPHO BEJIHKE
€KOJIOIIIKE W TPOCTOPHE IIOCJIETUIIE, IITO HarylalliaBa nmoTpedy 3a 00aBE3HOM CAHAIMJOM H
MOCTEKCIUIOATAIIOHOM PEKYJITHBAIOM 3€MJBHIIITA, ¥ CKIALY €A IUIAHCKUM UM €KOJIOLIKIM
noxkymentuma. Ca pyre cTpaHe, CEKyHAapHA CyKIlECHja U IIHPEEbe JIMCTONA[HUX IIyMa U
TpeJia3He IIyMCKO-KOYHACTe BereTalyje yKa3yjy Ha AeTUMUYaH OIOpaBaK eKOCHCTeMA, aTu
HCTOBPEMEHO O3HAUAaBajy TPajHH I'yOWTAaK ITOJHOIPUBPETHOr IMOTEHIHjasIa ¥ AeMorpadCKu
0oc1abJbeHUM 30HaMa.

Jemorpadcka aHaiM3a IOKasyje /Aa je OMIITHHA ['polKa yluia y 3peyd CTaujyMm
epuypObaHOr Pa3B0ja, KOjU KapaKTEPHIIy HEraTHBaH IPHUPOJHU IPHUPAIITAj, U3PAKEHO
cTapeme CTAaHOBHMINTBA M pacT JAoMahMHCTaBa yCJIOBJbeH MHrpanujama. lspakeHa
VHYTpallllba IpoCTOpHA IudepeHIpjanyja notephyje Aa yHUGOOPMHH IPUCTYIIN YIIPABIbAY
3eMJBHINTEM U IIOJBOIIPUBPEHOM IIOJINTHKOM HHUCY a/ieKBaTHY, Oyayhu /1a mojenuHa Hacesba
33/IpKkaBajy Belly arpoeKOCHCTEMCKY OTIIOPHOCT, ZIOK Cy Jpyra H3JI0MKeHa KyMyJIaTHBHUM
JieMorpadcKkuM, eKOHOMCKHM U ITPOCTOPHUM IIPUTHCIFIMA.

KombuHOBaHA mIpuMeHa XeTeporeHumx wu3Bopa nozpataka — CLC 6aze, Sentinel-2
CaTeINTCKUX ITOIATAKA, AeMOrpadCKe CTATUCTHKE U IIOJFOIPHBPEAHIX MTOIIHCA — [IO/IPa3yMeBa
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METO/IOJIONIKA OTpaHWYera ¢ HEYIOPEAWBOCT Yy IPOCTOPHHM pe3oyupjama |
wiacupuKanyoHUM IemamMa. Mmak, KOHBepreHIyja pe3yJiTaTa CBUX KOpUITheHWX H3BOpa
JIOUIEZIHO YKasyje Ha HUCTy MyTamy TpaHcdopMalldja, YnMe ce jaya IOy3[aHOCT YKYyIIHE
HHTepIIpeTaIyje U yoIakaBajy rnoje[uHavyHa OrpaHIYerha MOaTaKa.

Y uenwHM, pe3yaTaTH WCTpaKHUBama yKasyjy Ha moTpeby 3a TEPUTOPUjATHO
JubepeHIpaHM U HHTETPUCAHUM IIPHCTYIIOM YIIPABJbakby HepHypOaHM IIPOCTOPOM, KOjU
61 Tpebasio ja 00yXBaTH:

— OuYyBame MPEeOCTATNX MYJTH(QYHKIMOHATHUX TOJOIPUBPEIHUX I€j3aka U KOMILIEKCA
MoO3an4yHUX oOpazaria obpaze (242) ka0 K/bydHHX eeMeHaTa GUOJUBEP3UTETa, MMPOCTOPHE
CTaOWTHOCTH U JIOKQJIHE OTIIOPHOCTH;

— crabwinsaijy U OJ[p’KMBO yHampeleme TpajHuxX 3acafa (222) y CKIaay ca JIOKaJTHUM
ATrPOEKOJIOIIKUM YCJIOBIMA U CMAELEHOM PACIIOJIOKHUBOIINY pajiHe CHAre;

— CTpOTY PEryJIalyjy U MPOCTOPHY CEIEKTUBHOCT JaJbel MIMPErha YPOAaHUX M UH/IYCTPH]CKUX
30Ha (112, 121) y OAPYYjUMa BUCOKOT ITOJHOIIPUBPETHOT U €KOJIOIIKOT KBAJTUTETA;

— CHCTEMATCKy CaHAIWjy W PEKyJITHBAIMjy ITOBPIIMHA IOJ] EKCILIOATAI[HjOM MHHEPATHUX
crpoBuHa (131) y3 00aBE3Hy [TOCTEKCIUIOATAIINOHY HAMEHY 3€MJBHIIITA,;

— UHTETPUCAHO IPOCTOPHO IUIAHUPAIE KOje€ IIOBE3Yje EKOJIOIIKE, IOJbOIPUBDPENHE U
JieMorpadcke KpUTEpHjyMe y IPOLECUMA JIOHOIIEEHa OJIYKA.

¥V TOM KOHTEKCTY, OIIITHHA 'poIlKa Mpe/iCTaB/hba pelpe3eHTaTHBAH, aJIh He ¥ XOMOTeH
mpuMep mHepuypbaHe TpaHcdopManyje, Y KOjeM ce BEKOBHA IMOJBONPUBPENHA TPAIHUIIMjA
cycpehe ca WHTEH3UBHUM ypOaHUM HpUTHCIKMMA. METOMOJIONIKA OKBUP M Pe3YJITaTH
TIPUKAa3aHH y OBOM pajly IpYXajy NMPHUMEHJbHBY AHAJIUTUYIKY OCHOBY 3a KOMIIApaTHBHA
HCTpOKUBamka NepuypbaHux mozapydja y Cpbuju u jyromcrounoj Espomw, mompunocehu
pasBojy IUiaHWparba U (HOpMyJIMCAIY jaBHUX TIIOJUTHKA. LVIHTErpHCAHO YIPAaBJ/hakhe
KkopuitherbeM 3eMJ/bHINTA M JIeMOrpad)CcKUM pecypcuMa IIPeZCTaB/ba CTOra IPEIycIoB
JIyTOPOUHE OAPKUBOCTH, MyITHGYHKITHOHATHOCTH U OTHOPHOCTU MepUypOaHUX IIPOCTOpa y
ycIoBHMa yopaaHe ypbaHuzalyje v KIMMATCKUX TPUTHCAKA.

BaxsayHoct: CTyauja je peaausoBaHa y3 MOAPIIKY MUHHCTAPCTBA 34 HAYKY U TEXHOJIOLIKU
paseoj Pemnybike Cp6uje (YroBopu 6poj: 451-03-137/202 -03/200123 U 451-03-137/2025-
03/200091)

Cykob uHTepeca: AyTopH H3jaBJbyjy Zja HeMa cykoba HHTepeca.

Hamomena wuspmaBaya: Cprcko reorpadcko JpYyIITBO OCTaje HEYTPATHO IO ITUTAEbY
jypucauKigje y o6jaBJbeHIM MaliaMma U MHCTUTYIIMOHATHIM Be3aMa.
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