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Abstract: This paper examines land use changes on the territory of Stara Pazova mu-
nicipality with an aim to describe the evolution of these changes and future trend.
Lack of the reliable data about history of land use changes, which is one of the main
problems in the similar researches in Serbia, was solved by using CORINE (Coor-
dination of information on the environment) land cover database. The collected in-
formation and GIS analysis conducted under created geodatabase enable insight in
spatial and temporal dimensions of these changes, identification of change types and
assessment of their intensities. The obtained results indicate that trends of land use
changes for the period 1990-2000 and 2000-2012 are very similar and point to tenden-
cy of agriculture land reduction and increasing of residential and industrial zones.
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Introduction

In the contemporary literature, researches in the field of land use
changes analysis are becoming more and more present due to the fact that
changes occurred on the land surface also affect the climate, ecosystem and
its services (Brown et al., 2005; Chuai et. al., 2016; Pocewicz et al., 2008; Shar-
ma et al., 2012; Song et. al., 2015; Sun and Li, 2017; Van der Sluis et. al., 2016;
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Vigl et. al., 2017). According to Srivastava et al. (2012) land use analysis and
change detection are vital for the comprehension of global environmental
processes transformation. Understanding of change patterns gives better ba-
sis for the projections of future changes trends. Land cover changes not only
under human influences, but also changes naturally, and that are the reasons
way the state of land cover is very dynamic. Very high land cover dynamics
creates challenge of its mapping and keeping track of. As the intensive eco-
nomic globalization continues, the trend of land use changes, environmental
pollution, land degradation, etc. is also growing, which makes the timely
and reliable land cover information necessary in order to mitigate the nega-
tive impacts on the environment (Ban et al., 2015).

Long time ago, remote sensing was recognized as an effective mean for
land cover mapping (Kushwaha, 1990; Townshend et al., 1991; Cihlar, 2000)
and now it represents a powerful tool for monitoring accelerated land use
changes that are results of urban development (Alberti et al., 2004). Up to
date, remote sensing and geographic information systems (GIS) are the best
methods for studying spatial distributions and evolution of the geographic
phenomenon in relation with land use and land cover changes, as for quan-
tification of these changes (Popovici et al., 2013). Application of remote sens-
ing and GIS in the assessment of land use changes are increasing during
time (Asnawi and Choy, 2016; Gulinck et al., 2001; Mousazadeh et. al., 2015;
Padonou et. al.,, 2017; Pasha et. al., 2016; Sabr et. al., 2016; Sari and Ozsahin,
2016; Serra et al., 2008; Waser and Schwarz, 2006).

The challenge faced by policy makers and scientists is the general lack
of quality data about the types and extent of land use changes, and with even
less systematic data of the causes and consequences of these changes. Ac-
cording to Loveland et al. (2002) lack of local, regional and national data of
appropriate reliability and temporal and geographic details can lead to the
unsuccessful assessment attempts of these changes implications.

The conducted research of recent land use changes on the territory of
Stara Pazova municipality in this paper aiming to describe these changes
and to give the trend of future changes. The land use maps for 1990, 2000
and 2012 year were created in order to quantify these changes. For the ge-
odatabases production and for the changes analysis, GIS was used which
also enables efficient visualization of obtained results. As J)Kuskosuh and
JoBanosuh (2007) stated contemporary development and spatial planning
of human activities isn’t feasible without appropriate cartographic represen-
tations. The aim of this study is to analyze main types of land use changes
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by using CORINE land cover databases and to identify and to investigate
major factors that influenced these changes. The CORINE database is used
for spatial analysis at different levels to assess the state of the environment
(http:/ /www.geosrbija.rs/). GIS application in this study enables and fa-
cilitates land use types visualization and its quantification, visualization of
its changes and provides insight in spatial aspect of the land use changes in
Stara Pazova municipality during period of 1990-2000 and 2000-2012.

Study area

The territory of Stara Pazova municipality is located in the east part of
Srem and it is bordered by municipalities of Indija on the north, Ruma on the
west, Peéinci on the southwest, the river Danube on the east, and on the south
it is leaning on the wider area of Belgrade city (Figure 1.) and covers the area
of 351 km?. The municipality has nine settlements of which village settlements
of compact type are Belegis, Vojka, Golubinci, Krnjesevci, a Pannonian-style
farming settlement Stari Banovci, developed settlement of a Pannonian-style
Nova Pazova, mixed settlement of a Pannonian-style Novi Banovci, a Pannon-
ian-style farming-cattle settlement Surduk and urban settlement Stara Pazova
(Pomermnth, 2005). The status of local gravity center Stara Pazova gets based
on the settlement size and due to the central position in the east part of Srem
(hypunh, 2000). The population of Stara Pazova municipality grows up from
57,291 to 65,792 during period of 1991 to 2011 (http:/ /www.stat.gov.rs).

Land of the Stara Pazova municipality is flatland and fertile so it is suit-
able for different agriculture production, which is mainly economic activity
of Srem wider area (Rypumnh et al., 1989). The most important infrastructure
connections that are passing through the territory of Stara Pazova munici-
pality are: A1l (the state border with Hungary - Novi Sad - Belgrade - Ni$ -
Vranje - the state border with BJR Macedonia) and A3 (the state border with
Croatia - Belgrade) and the railways of international significance (directions
the state border with Hungary - the state border with BJR Macedonia and
section to the state border with Croatia).

The nearness of large city centers and economic impulses that are com-
ing from there, favorable natural conditions for the agriculture development,
positive migration balance and the most important state infrastructure corri-
dors that are passing through municipality territory, defined the area of Stara
Pazova municipality as a very dynamic and with a constant pressure on the
land (ITpocTropuu rwian omurmae Crapa Ilazosa go 2025. roguse, 2011).
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Figure 1 - Geographic position of the Stara Pazova municipality
Source: https:/ /www.google.rs/ maps/

Data and Methods

For the purpose of the land use identification and classification in this
study, layers of land cover generated within CORINE project were used. Data
were collected within European Commission CORINE Programme for the
purpose of development of environmental information system in Europe. Ref-
erent year for the first inventory was 1990, the first update was in 2000 and
following update cycle is on six years. The program is coordinated by the Eu-
ropean Environmental Agency in the framework of the EU Copernicus Pro-
gramme. Data from CORINE land cover (CLC) are generated by processing of
high resolution satellite images and they provide information about land cover
changes in the major part of Europe (Feranec et al., 2010). Polygonal entities
represent state of land cover differentiated in 44 classes (the lowest third level
of interpretation) in the scale of 1:100.000. Thematic accuracy of obtained layers
is 85%, and geometric accuracy is about 100 m (Feraneca et al., 2007). Accord-
ing to Kiymbapma et al. (2010) interest of developed societies is to generate
land cover databases and to cartographic represent them, and CLC classes are
recognized as fundamental referent data sets for the spatial analysis.
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For the purpose of this research geodatabase of the Stara Pazova mu-
nicipality was created in the GIS software package GeoMedia Professional. As
it was already pointed out, the main source of the geospatial data is CORINE
database (http://land.copernicus.eu/pan-european/corine-land-cover) for
the 1990, 2000 and 2012 year (CLC 1990, CLC 2000, CLC 2012). According to
Chen et al. (2015), it is common to find inconsistency and imperfections in
these databases due to errors that occur during satellite images processing
and their classification. Considering that and in order to insure high qual-
ity of data, for the purpose of this paper verification of data from CORINE
database was accomplished on the basis of available literature, field research
and official statistics.

The used technics of changes detection are based on the comparison
of land use polygons obtained separately for the every time period and they
imply spatial overlay of each polygon and searching of their intersections.
The map overlay method is used during evaluation faze of this research
(Kliskey, 2000; Palo et al., 2005). This method enables that different carto-
graphic layers overlap one over the other when it is necessary (Yilmaz, 2010).

Spatial overlay of thematic maps, i.e. logical overlaps which a looking
for the intersection of objects and phenomena with particular characteristics,
as well as the map algebra is greatly facilitated by the use of GIS software
(Stojkovié et al., 2015). Likewise, GIS application enables cartographic visu-
alization of obtained results.

Results and discussion

Study area includes 13 different land cover types separated on the basis
of CORINE database, including: discontinuous urban fabric; industrial or com-
mercial units; road and rail networks and associated land; airport; arable land;
complex cultivation patterns; land principally occupied by agriculture, with
significant areas of natural vegetation; pastures; forests; transitional woodland-
shrub; inland marshes; beaches, dunes, sands; and water courses (Figure 2.).

In order to increase representativeness and facilitate the analysis of
land use changes in table 1. six types of land use is separated on the basis of
CLC land cover types and emphasis is placed on identification of agricul-
tural and forest land, infrastructure systems, residential, industrial or com-
mercial zones and water surfaces.
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Figure 2 - Changes of land cover in the Stara Pazova municipality
for the period 1990-2012.

The most represented type of the land use in Stara Pazova municipal-
ity during researched period is for the purpose of agriculture, residential
and infrastructure systems, and then follows the surfaces under forest veg-
etation and industrial and commercial zones. Certainly, significant share in
the total area has water surfaces, namely the river Danube which makes the
east border of the study area.

Table 1 - Land use in the Stara Pazova municipality for the period 1990-2012.

Area by years

Land use types 1990 2000 2012

in ha in % in ha in % in ha in %
Residential zone 2,77417 | 790 | 2,841.79 | 8.10 | 3,012.72 8.58
Industrial or 10428 | 030 | 142.93 | 041 | 28747 0.82
commercial zones
Infrastructure 61803 | 176 @ 61803 | 176 | 62999 | 1.79
systems
Agricultural land | 29,948.12 | 85.32 | 29,841.85 | 85.02 | 29,488.25 84.01
Forests 362.20 1.03 362.20 1.03 387.52 1.10
Water surfaces 1,293.20 | 3.68 | 1,293.20 | 3.68 1,294.05 3.69
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In the period 1990-2000 it was recorded change in agricultural land
which was reduced for 106.27 ha, i.e. from 29,948.12 ha (85.32%) on 29,841.85
ha (85.02%). This change occurred due to increasing of residential zones for
67.62 ha (from 7.90% to 8.10%) and industrial or commercial zones for 38.65
ha (from 0.30% to 0.41%).

This trend of reducing agricultural areas continues and in the period
2000-2012 in total amount of 353.6 ha, i.e. from 29,841.85 ha (85.02%) to 29,488.25
ha (84.01%). In this period reducing of agricultural areas also is consequence
of increasing of residential zones for 170.93 ha (from 8.10% to 8.58%), dramatic
enhance of industrial or commercial zones for 144.54 ha (from 0.41% to 0.82%),
but also due to increasing of surfaces under infrastructure systems for 11.96 ha
(from 1.76 to 1.79%) and forest vegetation for 25.32 ha (from 1.03% to 1.10%).

The obtained results indicate that three types of changes characterize
the study area: urbanization and industrialization, agriculture abandoning
and afforestation. The urbanization has trend of increasing during these two
periods, which is in correlation with increasing number of inhabitants and
sustainable economic growth of this territory. The development of industrial
and commercial sector, as well as accompanying infrastructure systems are
intensifying more and more as investments climate improves in whole coun-
try, that according to Vujadinovi¢ et al. (2016) influences on the economic
growth and new jobs. The trend of increasing areas under the forest vegeta-
tion isn’t so noticeable and is resulting from afforestation in the infrastruc-
ture systems close by (Ilpocropumu 1wian ommrruae Crapa ITasosa mo 2025.
roguse, 2011). Although, trend of agriculture abandoning is increasing, this
is still the most dominant type of land use in the Stara Pazova municipality.
Atthe end, it can be concluded that trends of land use changes in period 1990-
2000 and 2000-2012 are very similar, and the major cause of these changes is
development of industrial and commercial sector and greater urbanization.

Conclusion

The land use changes have an effect on the changes in the environ-
ment and the society in general. In this study the obtained information en-
able insight of the changes in the spatial and temporal dimensions, iden-
tification of the change types and estimation of the changes intensity. The
research has shown that the territory of Stara Pazova municipality had un-
dergone changes in the period between 1990 and 2012. The greatest influ-
ence was noticed on the agricultural areas which are reducing, as well as the
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consistent increasing of the urban areas in the researched period, which is
the result of the growth of anthropogenic activities.

GIS analysis of land use changes during period 1990-2000 and 2000-
2012, respecting the CORINE land cover database, has shown the modification
extent of the land use change patterns, the mostly transition from one way of
land use in the other. Also, GIS application facilitate the result visualization on
the way that enables information about land use changes (in the volume and
structure) and insight of the spatial distribution of these changes. The numeri-
cal and cartographic results of analysis represent consolidated overview of the
land use change process in the Stara Pazova municipality. If some limitations
and uncertainties of CORINE database (minimal mapping area is 25 ha) and
possible mistakes during satellite images interpretation ignored, shown meth-
odology can be reliable source for monitoring and quantification of spatial and
temporal land use changes, especially on the national and regional level.
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