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Abstract

:

At the global level, there is an awareness of the need to protect agricultural land from permanent physical loss through land-use change. Preservation of high-quality agricultural land is currently at the center of the international debates, including those of food safety. The main aim of this paper is to provide quantitative analysis of agricultural land-use change dynamics within the area of the Belgrade–Novi Sad highway corridor, as a distinct route that connects two largest cities in Serbia. The results in land-use change and the accompanying contextual aspects are observed between 1990 and 2018, i.e., within the four research periods: 1990–2000, 2000–2006, 2006–2012 and 2012–2018, using GIS-based analysis. The research methodology used Corine Land Cover and Urban Atlas data and revealed dynamics relating to the most influential land take directions during the ca. 30 years by the means of the land take indicator. The results were complemented with the qualitative content analysis of spatial and regulatory urban plans for the study area, as one of the land-use management instruments in Serbia. The findings indicate that the most intense agricultural land-use change to non-agricultural land occurred in the period 1990-2000 due to various drivers (vicinity of large cities, illegal construction, developed transport infrastructure), but also distinguish the role of spatial and urban planning documentation in promoting the new land take.
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1. Introduction


Agricultural land is subjected to high pressure regarding the change to competing land uses due to urbanization. The link between agricultural land loss and urban sprawl is discussed in studies [1,2] highlighting the issues related to agricultural land fragmentation effects on landscape [3,4], and especially harm to agricultural productivity [5]. Current global turbulences influencing the degradation of socioeconomic conditions highlight the importance of food security and increasing food prices [6,7]. In those circumstances, land-use change in urbanization processes is considered a consequence of various drivers: government policies, economic conditions, demography, cultural setting, technology or availability of infrastructure, (in)effectiveness of the local land-use management instruments, as well as natural factors [8,9]. In that sense, the transportation network is considered one of the basic frameworks for directing urban development, while its spatial structure affects the formation and development of the urban areas [10].



Urban sprawl represents one of the most prevailing forms of land-use change in Europe [11]. The territorial dimension of urban sprawl can be manifested in a form of dispersed development of settlements in the peri-urban areas [12], as well as the physical pattern of low-density unplanned expansion of large urban areas mainly into the surrounding agricultural areas [13]. The impacts of urban sprawl across Europe are often quantified by systematic monitoring [14] of land take or soil sealing indicators [15]. Land take (hereafter LT) is the process of transforming agricultural, forest and other semi-natural and natural land to construction land and other artificial land use [13]. This process often implies an increase of settlement area over time at the expense of rural areas [16], and it is manifested as an increase in artificial surfaces [17]. Nevertheless, LT does not always coincide with urban sprawl, since it can occur outside of urban or peri-urban areas [9]. Soil sealing is essentially an irreversible process and the most intense form of LT, with permanent increase in Europe since 2006 [16]. Besides the aforementioned urban sprawl and LT approaches, recent studies focus on diverse modes of urbanization and their impacts on sustainability in a broader way [18]. Across Europe, the “no net land take” concept gained attention in spatial planning and land-use management to stop the process of land take by 2050 [19]. It aims to prevent construction and soil sealing on agricultural land, forestry and other natural areas, whereas any new LT will need to be recompensed by the reclamation of artificial land [20]. It should be noted that LT has progressed faster than the EU population growth [16], whilst the overall annual loss of undeveloped land in the period 2012–2018 is more than tenfold larger than the scope of the recultivated area [20]. Globally, there is a more determined approach to reduce LT by 2030 by accomplishing Sustainable Development Goals (SDG) [21]. SDG target 11.3 presents dynamics in LT per person, aiming to accomplish a rate of increase in built-up land, i.e., LT/land consumption that does not exceed the rate of population growth [21]. The LT indicator shows disproportionately high rates of land-use change in relation to urban development and population dynamics at the global level [22]. So far, SDG indicator 11.3.1 and the EU indicator of LT are nominally seen as most suitable for ex post assessments of land-use change and for post hoc evaluations of planning policies and policy interventions [23].



There is a widely accepted notion that land-use planning represents a key tool to protect agricultural land and to limit urban sprawl and LT [24]. At the same time, land-use planning is “sufficiently comprehensive, binding and restrictive” to contribute to a reduction of LT [9], p. 349. Still, there are studies that recognize land-use policies and spatial planning as a fundamental driving factor for a variety of land-use change processes [8], p. 32.



The Context and Factors of Agricultural Land-Use Change in Serbia


In the local planning context of Serbia, the instrument of land-use change in plans and programs of their implementation can enable LT, as further elaborated. Previous studies verified a significant role of spatial and urban planning in affirmation of land-use change processes [25,26]. According to a recent comprehensive quantitative study [25], a predominantly negative index of agricultural land-use change in the analyzed planning documents of municipalities in Serbia is a consequence of the planned expansion of the construction area for the needs of infrastructure corridors and industrial and commercial units, but also the intensive enlargement of certain urban settlements in peri-urban areas. Moreover, the newest Spatial Plan of the Republic of Serbia (hereafter SPRS), a strategic document for spatial development at the national level, recognizes that urban plans may contribute to the excessive expansion of urban settlements by unrealistic consideration of future needs for construction land. Some of the identified plans give preference to “greenfield” instead of the development/reactivation of “brownfield” sites [27].



The Law on Agricultural Land, as a sui generis, defines agricultural land as a resource of public interest for the Republic of Serbia, which is used for agricultural production [28]. The protection of agricultural land as a basic natural resource for food production, along with controlling land-use change, is a priority outlined in all national strategic documents (cf. [29]). The Strategy for Agriculture and Rural Development of the Republic of Serbia 2014–2024 advocates for a higher degree of agricultural land-use, more efficient use of poor quality or non-arable agricultural land and controlled agricultural land-use change [29]. As a main planning document at the national level that determines a long-term basis for organization, development, use and protection of space, and that gives guidelines for plans at the lower hierarchic level (spatial and urban plans), the Spatial Plan of the Republic of Serbia (SPRS) proclaims the sustainable use and protection of natural resources as one of the main goals for the planning and development of settlements. Starting from the first SPRS (1996) and the following one (2010), one of the priority goals regarding land was the mandatory protection of agricultural land and the preservation of its quality and natural fertility for food production. Some of the main threats in this regard relate to the expansion of settlements and greenfield investments, etc. Hence, the draft of the newest SPRS [27] encourages the use of existing construction funds for new developments instead of greenfield and brownfield investments.



The current Law on Planning and Construction prescribes special procedures in cases where the planning document changes the land use from agricultural land to construction land. In that case, agricultural land can be used for agricultural production until the new land use is formally designated [30]. In cases of planned change from agricultural to other land uses—i.e., for urban and industrial purposes determined by spatial and urban plans—current legislation in the Republic of Serbia prescribes the conditionality of the planning procedure and an approval from the side of the competent ministry in the field of environmental protection. At the same time, the change of agricultural land use and its conversion into other land uses causes significant pressures on land and other elements of the environment.



The area coverage of agricultural land in Serbia has annually decreased in the last three decades. In the period 1990–2012, 11,367 ha of agricultural land in Serbia changed its designated land use into the artificial areas, while the most extreme changes occurred in the period of 2006–2012 with reduction of 4391 ha [31]. Dabović et al. [32] stress that political, institutional and economic drivers were some of the key factors for urban sprawl in Serbia between 1990 and 2000 and emphasize the role of urban and regional land-use planning in enabling urban development. Relying on previous long-term and stable tendencies in the growth of area coverage of artificial land, artificial land cover is expected to continue at the expense of agricultural land ([33], p.49). Massive illegal construction on agricultural land is considered a dominant form of urban sprawl since the late 1980s and a cause for the dramatic decrease in area coverage of agricultural land [34]. The initial stages of illegal construction followed the social and political context of the 1990s, which included the wave of immigration of escaped and exiled population from the former Yugoslav republics of Croatia and Bosnia to Serbia after the dismantling of the former common country. Agricultural land was occupied mainly for the construction of new settlements to satisfy the housing need of the force-displaced inhabitants, while the municipalities were not prepared to adapt urban plans to the sudden influx of population.



The metropolitan area of Belgrade and Novi Sad (hereafter the Belgrade–Novi Sad metropolitan area) has traditionally been a significant potential for development based on its high functional and demographic capacity, excellent transport connection and solid infrastructure boundaries [35], with the capacity to become the hub of the metropolitan region in this part of Europe [35]. The main features of the local urban economy in this area are the polarization of territorial development in the zones of construction land and corridors, concentration of economic activities with about 66% of GDP, employment and business assets, etc. [36]. Previous research has already recognized the Belgrade–Novi Sad metropolitan area and its surroundings as an area that may require large-scale land-use change of agricultural land [37] due to significant residential pressure on the suburbs and agricultural land in peri-urban area, especially in the belt of the highways [38], i.e., peripheral urban and suburban settlements along the transit corridors. Consequently, the agricultural land in the settlements along the main transport corridors in Serbia is highly attractive for investors/developers and, therefore, is often subjected to land-use change, thus enabling LT in order to increase their economic value.



This research focuses on the spatial aspects of agricultural land-use change within the highway corridor belonging to the Belgrade–Novi Sad metropolitan area using GIS-based spatial analysis for quantification of changes. The main objective of the research is to identify the ongoing land-use change dynamics within the study area using the satellite remote sensing data (Corine Land Cover) and assess changes from the spatial planning perspective within the time frame of 1990 to 2018. The following section describes the study area in more detail, as well as the materials and methods used to achieve the main research objective. It goes on to discuss the research results, as well as to indicate some of the most prominent conclusions and open fields for further research.





2. Materials and Methods


2.1. Study Area


Belgrade is the capital, administrative center and largest city in Serbia, while Novi Sad is the second largest city and an important macroregional urban center. Currently, the Belgrade–Novi Sad metropolitan area is undergoing fast urbanization in relation to the rest of the country. It contains quality agricultural land and spatially attractive zones between the two cities, encompassing a strong infrastructure network with international importance. In this research, the study area comprises 19 settlements within municipalities affiliated to the metropolitan area and the highway impact area, covering around 910 km2 (Figure 1). It should be noted that the Belgrade–Novi Sad metropolitan area in total covers a much wider area than the study area. Along the study area pass two branches of pan-European transport corridor X, with the branch linking Belgrade and Novi Sad with Budapest (national A1 highway) and branch Belgrade–Zagreb–Ljubljana (national A3 highway), as well as corridor VII (Danube River), international railway with an important railway node. Spreading over around 70 km within the study area is State Road IB category No.100, a road with two tracks that represented a main connection between the two cities since 1950s. It remained an important transport communication with Belgrade for numerous settlements along the route. Part of A1 between Belgrade and Novi Sad is in use since 1975.



Borders of the study area are defined on the basis of spatial and urban planning documents considering the impact area of the A1 highway corridor between Belgrade and Novi Sad, with regards to both the normative elements of the plans, as well as the authors’ own elaboration of the available data.




2.2. Data Sources, Data Processing and Methodology


The undertaken research comprises quantitative analysis of complementary sources of data within the GIS platform, thus allowing comparability of data, as well as replenishment of the attribute feature table in line with the requirements of the selected spatial analysis. Corine Land Cover is based on 10 years and 6 years of remote sensing data collection, structuring, cataloging and validation processes. The analysis included the Corine Land Cover (CLC) datasets and related CLC-Change data (the time series 1990, 2000, 2006, 2012 and 2018). To obtain a more detailed land cover and land-use information, the analysis also used the data from Urban Atlas (available for urban areas of Belgrade and Novi Sad) that is, together with CLC, considered a component of the Copernicus Land Monitoring Service [39]. Preliminary results were complemented with the data obtained from content analysis of spatial and urban (regulatory) plans for the study area using the GIS. The synthesis of data from different sources, analysis and interpretation of data for the study area was performed in ArcGIS (ESRI).



Land-use change data is presented in form of land take indicator (LTI) according to the SDG indicator 11.3.1. [40] and EEA land take indicator [20]. Here is adopted the calculation [23,40] of the land take indicator (LTI) as follows:


  L T I =      ln     (      U r  b t  + n )   U r  b t       )       ( y )     








where:



	
ln = Natural logarithm;



	
  U r  b t  + n   = Surface occupied by urban areas in km2 in the final year;



	
  U r  b t    = Surface occupied by urban areas in km2 at the initial year;



	
and y = the number of years between the two measurement periods.






Besides comprehensive studies [23,41], there is no available record of extensive application of this indicator yet. It should be noted that the structure of CLC-Change data cannot detect small-scale land-use changes (cf. [23]) for the areas that are not covered by Urban Atlas data (area between the City of Belgrade and City of Novi Sad, Figure 1, left image). Taking this factor into account, the GIS-based results are contextualized through qualitative content analysis of the available planning documentation in the study area.





3. Results


Observing the basic land cover structure (2018), from the total area (908.9 km2), agricultural land dominates and is represented by 77.9%, artificial surfaces 13.0%, wetlands and water 2.8%, and forests and seminatural areas 6.4%. (Figure 2).



From 1990 to 2018, land take consumed 3.1% of agricultural lands that was converted to industrial and commercial land use and further changed due to the expansion of residential housing areas. Observing all Corine Land Cover in study period, areas containing agricultural land have reduced by 100 ha per year. “Artificial surfaces” have increased at the same pace (Figure 3).



Using the formula for calculating the land take indicator, the value obtained for the period 1990–2018 is:


  L T I =      ln     (      U r  b  2018     U r  b  1990        )       ( y )    =      ln     (        117.96        88.80         )       (  28  )    = 0.01    











Compared to land take at European level (cf. [20]), this is not considered an important change.



A more detailed insight into the land-use change through the Land Cover Changes (LCC) database suggests that in the observed period of ca. 30 years, out of the total number of all recorded cases (polygons) recoding land-use change, around 45% of polygons show the change from the category of agricultural land use to the category of artificial land use (Figure 4a). The results point out the parts of the study area in which these changes were more distinct, as well as the dynamic of land-use change in the time series from 1990 to 2018 (Figure 4b).



Data from Figure 4b is presented in the table showcasing the dynamics of agricultural land-use change through different time series (Table 1).



As previously discussed, some of the land-use changes that imply agricultural LT in the period between the 1990s and 2000s are related to the intensive illegal construction (particularly in the peri-urban areas of Belgrade) due to the forced resettlement of population from other ex-Yugoslav countries and the pressing housing demand in Serbian cities. The period after 2006 is characterized by the accelerated transition to a market economy, the arrival of large-scale retail in Serbia and their need for the most suitable accommodation close to main economic activities. These local conditions caused changes from agricultural land to construction land in the near proximity of smaller cities that have a good connection to the highway and are close to larger economic activities in Belgrade and Novi Sad. In these areas, land is more affordable than the land close to big cities, while the infrastructure is being arranged for economic activities. In the period after 2012, the process of agricultural land loss was slowed down, if compared to previous periods. This notion can be linked to adoption of urban policy that required a strict definition of work zones within the construction areas of settlements through spatial and urban plans. Some of the identified land-use changes are further contextualized through analysis of planning documentation within the borders of the study area.



Surveys in 1990, 2000, 2012 and 2016 CORINE Land Cover (CLC) and Land Cover Changes (LCC) datasets revealed some of the most prominent agricultural land-use change dynamics in the study area. Still, there are limitations in the spatial resolution of CLC and LCC, which include: minimum mapping unit (MMU) 25 ha (status layer), 5 ha (change layer), NUTS-3 level, equivalent scale 1:250,000 (status layer), 1:100,000 (change layer) had to be considered in the analysis, as well. These are more significant land-use change than the results presented in Figure 4 and Table 1, which should be considered an important factor in spatial and urban planning.



As an illustration of the agricultural land-use change that falls within the aforementioned category, three characteristic locations within the study Area are distinguished. For those locations, the data referring to built-up areas are supplemented by topographic and ortho-photo maps of higher resolution. The positions of selected locations are marked by labels Detail 1, Detail 2 and Detail 3 on the general map of Figure 2. Figure 5 shows a detailed elaboration of agricultural land-use change along the following interchanges: Beška–Krčedin settlements (Detail 1a), Inđija–Novi Karlovci settlements (Detail 2a), Stara Pazova–Nova Pazova–Banovci settlements (Detail 3a). The extensive agricultural land-use change along the access roads from the settlements to the highway is clearly identified.



Further research of the current planning documents indicated future tendencies in agricultural land take within the study area. Figure 5 shows planned land-use change within the observed locations on the basis of formal spatial and urban plans (Detail 1b, Detail 2b, Detail 3b, respectively). In some of the designated planning documents within the study area, the reduction of agricultural land occurs mainly for the purpose of developing industrial and commercial units outside the construction area of the settlements. According to the planning documentation for Inđija and Stara Pazova municipalities, there is a clear tendency for encouraging greenfield investments and new housing in peripheral urban and suburban areas, especially in the settlements along the main highway corridors. Taking into account the high quality of land in these areas, the planned construction may even cover about 70% of meadow–black soil and about 30% of chernozem [43].



In addition to the above details, Figure 4 and Table 1 illustrate the most intense agricultural land-use change to non-agricultural land in the municipalities in the immediate vicinity of Belgrade. These findings are supported in formally adopted planning documents that allocate planned land use for the wider area of the city of Belgrade. Urban and rural development is defined in the spatial plans of local self-government units (municipalities) and urban plans, as one of the land-use management instruments defined by law [30]. Generations of General Urban Plans (i.e., master plans) for Belgrade (1972, am. 1985, am. 2002) aimed to restrict new development on existing agricultural land in the peri-urban area of the city, covering the cadastral municipalities of Surčin, Zemun Polje, Batajnica and Dobanovci (Figure 6). However, the planned land-use for this area in the General Urban Plan from 2003 [46] and in the General Urban Plan from 2016 [47] directed intensive development of the industrial and commercial units in the proximity of the infrastructural corridors (i.e., in the area of Belgrade Airport Nikola Tesla and Belgrade–Novi Sad Highway Corridor, marked in purple color in Figure 6) and allocated extensive agricultural zones for the housing land use (marked in yellow color in Figure 6).



Agricultural land that was occupied for the purpose construction of new settlements or for development of industrial and commercial units on the outskirts of Belgrade became recognized as developable construction land in lower-level planning documents as well (i.e., General Regulation Plan of Belgrade [49]).




4. Discussion


Agricultural land is nominally considered to be one of the principal natural resources in Serbia. However, recent quantitative analysis of spatial and urban land-use plans and policies at the local level has shown tendencies of a long-term reduction of the scope of agricultural land [25]. The intentions for reduction of agricultural land were underpinned by requirements for new developments in public ownership (i.e., construction of public infrastructure, energy, water facilities, etc.) as well as for other developments that are not publicly owned (i.e., housing, industrial and commercial units) [25]. Within the planning determinants that have significantly affected the spatial development of municipalities and cities, the use and protection of agricultural land is most often marginalized. The dominant planning decision to stop the illegal construction and degradation of land can be inconsistently applied as a measure in urban plans, or occurs “on ground” without the adoption of comprehensive planning policy. The concept of sustainable development in urban agriculture and use of land in accordance with its ecological properties has been promoted only recently. The new SPRS proclaims the use of existing construction supply (brownfield instead greenfield investments) for new activities and uses where possible [27]. Planning of “greenfield” land-use is considered in the line with the neo-liberalist global policy agenda in which urban planning is “more about promoting economic development and less about regulating land and guiding future development” (Fainstein, 1991; Gerber, 2016 as cited in [8]). However, in order to continuously and prospectively ensure “no net land take”, innovative and more targeted instruments are needed in spatial planning and governance [23]. At the same time, there is an established relationship between traditional planning instruments at the local level, such as zoning regulations, and protection and preservation of agricultural areas and urban agriculture [50,51,52]. Many countries and cities are already enforcing stricter laws to protect highly fertile agricultural land in their rural hinterlands [53], while some other examples emphasize the weakness of municipal land-use planning practices in limiting urban sprawl and protecting agricultural and natural heritage [54].



The results of this research relate to: (1) the identified dynamic in agricultural land-use change into construction land; (2) tendencies of continuality of such processes; and (3) systemic support to agricultural land-use change in planning policy. The possibility of changing agricultural into construction land use was first introduced in the Law on Planning, Spatial and Settlement Development [55] for the use of the rural community. This decision was further reinforced in the Law on Planning and Construction (2003) [56] after public land became a commodity. The incentives for agricultural land-use change to developable construction land were supported through the Law on Legalization of Buildings [57], which regulates the conditions, procedure and method of legalization of buildings, and parts of the building built without a construction permit (i.e., illegally built buildings), to allow the approval for development and/or registration in the cadaster. These actions provided an incentive for continuity with regards to illegal construction on agricultural land. The decades of restricting construction on agricultural land in the planning legislation until the 1980s has intensified the aforementioned conflicts in land use [55]. From 1991–2011, urban sprawl in the Belgrade metropolitan area affected the increase in land consumption by 2.9 times (i.e., to 670 m2 per person), which was significantly higher than in other European cities [34]. The wider area of Europe (EEA) reports the rate of 7.7% LT intensity of the total urban area expanded to cover agricultural and semi-natural land for the period 2000–2018 [58]. It should be noted that grid resolution between the EEA reports and the study area analysis significantly diverges, as previously elaborated in the Results section.



The study area belongs to the radius of intense agriculture, which requires further planning activities to support the designated use of agricultural land, the establishment of effective mechanisms to control the implementation of appropriate urban and spatial planning measures, as well as prevention of excessive occupation of fertile land for non-agricultural purposes, especially in the peripheral zones or along traffic corridors [44,45]. Still, agricultural production is highly dependent on the volume and quality of land resources, which are limited and practically non-renewable.



The proximity of large urban centers (Belgrade, Novi Sad) conditioned that the attractivity of the agricultural land within the study area is to be highly attractive for investors/developers. There are studies that address the loss of cultivated land and other natural and semi-natural land types, and the change to construction land for the purpose of highway development, where “the road has become the axis of regional urban expansion” [10]. The improvement of regional accessibility, reduction of the economic production cost and improvement of the suitable functions of the land along the corridor line, result in the rapid expansion of the construction land area [10]. With time, this became the case along the Belgrade–Novi Sad highway and local roads. Agricultural land changed between the observed periods from being clustered to scattered along the road (Figure 4a,b). Spontaneous and uncontrolled urban growth and intense expansion of construction areas (planned as well as illegal ones), with extremely inefficient use of construction land and excessive and prevailing agricultural land-use change, were recognized as one of the most significant challenges in terms of the efficient use of construction land [36]. This can be considered an effect of unreliable law enforcement and construction inspection, as well as the issuance of inadequate construction permits, which contributed to the accelerated illegal development on publicly owned land at the periphery of cities [59,60], but also planned expansion of industrial and commercial units at the expense of agricultural land.




5. Conclusions


The issue of agricultural land-use change and LT is recognized worldwide, especially regarding the global crises in food security. Taking into account that in Serbia LT is predominantly enabled through urban sprawl, the role of spatial and urban planning comes to the forefront of the debate related to the competing land uses.



The results of the undertaken quantitative and qualitative research point out that agricultural LT has been taking place through agricultural land-use change in the study area, mostly in the form of urban sprawl. The main drivers of LT within the study area are recognized: the force of attraction of Belgrade and Novi Sad, commercial and industrial activities, previous illegal construction and transportation (highway). Even though land-use planning is considered a factor that reduces LT, the undertaken analysis of the formal planning documentation for the study area affirms new LT through land-use change and orientation from agricultural to other activities in the field of economic development (commercial, industrial, etc.). These findings are supported by the previous research of agricultural land-use change in Serbia [26], in which the planning decisions at the municipality level would be a highly relevant complementary source of data. We recognize the importance of future research and analysis of agricultural land-use change and LT spatial and temporal dynamics, which is currently scarce in the research of planning practice in Serbia. Hence, a scientific and expert-based debate in that field may be directed on the conflict between the profit-oriented land-use change on the one hand and the preservation of agricultural land on the other. Moreover, it is important to question the validity regarding the expansion of industrial units, commercial activities (e.g., shopping malls) and housing, etc., on high-quality agricultural land and open areas. Planning solutions should aspire to reduce agricultural land take (hence, sealing) to zero, while seeking for and balancing realistic needs with development and investment interests. Thus, the land-use change of now undeveloped open space into new developments and agricultural land fragmentation should be avoided. Along with empirical importance, the GIS-based analysis can be used for understanding and providing input for the land-use management, future planning and governance. In addition, the research results reinforce the need for comprehensive analyses of the consequences of unregulated, but also of designated, land take and agricultural land-use change into construction land in the observed highway corridor, as well as in Serbia.
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Figure 1. The position of the study area in Serbia, Belgrade–Novi Sad Highway Corridor. 
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Figure 2. Land use in the study area 2018 (authors’ elaboration on the basis of CLC 2018 database, UA 2018 database [39] and National Spatial Data Infrastructure GeoSrbija [42]). 
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Figure 3. Yearly land take per major land cover category in study area for period 1990–2018. 
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Figure 4. (a) Agricultural land-use change to other land uses in the period between 1990 and 2018; (b) dynamics of agricultural land-use change in the time series data of 1990–2000–2006–2012–2018. 
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Figure 5. Detailed elaboration of agricultural land-use change [44,45]. 
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Figure 6. Generations of General Urban Plans for Belgrade (1985–2016). Source: [48]. 
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Table 1. Agricultural land-use change in artificial land-use in times series from 1990 to 2018 (in ha).
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	Times Series
	1990–2000
	2000–2006
	2006–2012
	2012–2018
	Total





	Changes from agricultural land use to artificial land use (ha) *
	1133.45
	262.92
	517.90
	188.87
	2103.13



	%
	53.9
	12.5
	24.6
	9.0
	100







* Calculated on the basis of Land Cover Changes (LCC) datasets. The data are approximative, although the Change layers have higher resolution than CLC, i.e., minimum mapping unit (MMU) is 5 hectares for Land Cover Changes (LCC).
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