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Abstract

:

Spatial and urban planning are directed towards achieving territorial cohesion as one of the sustainable development goals. Considering the hybrid concept of green infrastructure, this paper aims to provide an “ecological model” of achieving territorial cohesion in spatial and urban planning. Based on the connectivity level analysis between green infrastructure elements (green infrastructure hubs, nodes, gateways and dots), application of the GI concept guides the development of spatial planning scenarios. The application of Voronoi diagrams and landscape graph-based principles contribute to defining the shortest distances between green infrastructure elements, which resulted in the definition of the significance of structural and functional arrangement of green infrastructure dots in the matrix of the urban rural continuum in the territory of the urban-rural landscape of three case studies in Vojvodina, Serbia (Novi Sad, Subotica, Zrenjanin). As a result of this study, green infrastructure dots showed a great potential of application at the local level by developing them through landscape design with creative and artistic elements in order to achieve higher level of cohesion through visual attractivity, multifunctionality and recreation. The level of connectivity between elements of green infrastructure should be considered as an indicator of the sustainable spatial development goals achievement, in the field of nature conservation and territorial and social cohesion.
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1. Introduction


The increase of urban population is accompanied by the process of urban landscapes growth where the spatial expansion of cities is four times greater than the population expansion [1,2,3], and the boundaries between urban and rural landscapes are unclear and diffuse [4,5]. Urbanization is a complex process that transforms natural and rural areas into urban or industrialized landscapes, creating “star-shaped spatial patterns controlled by the physical condition of the site and its accessibility by transport routes” [6,7]. This diffuse spatial development creates fragmented and environmentally sensitive landscape of urban- rural continuum that become “a mix of rural and urban elements”, which are named differently in scientific and professional literature—“rurban” [6], „rural-urban” compact [8], “neo-rural” [9], “hybrid landscapes” [10], functional urban area [11], urban metropolitan zone [12] and finally “urban landscapes” [13]. There is a consensus among scientists and professionals that in the era of Anthropocene and general urbanization, in which space will be dominated by Novel Urban Ecosystems, this continuum will predominantly participate in the transformation of space [14,15,16,17,18]. In relation to the quality and quantity of changes in the structure of the urban landscape and the projections of achieving spatial sustainability, it will be the platform for the scenarios of spatial planning [7,19,20].



Spatial and urban planning is directed towards achieving the sustainable development goals. The question arises as to what tools and methods researchers, planners and policy makers should apply in order to meet the demands of contemporary spatial planning, which sets territorial cohesion as a comprehensive goal to reach sustainable and balanced spatial and urban development [16,17,21,22]. The Green Paper on Territorial Cohesion (2008) insists on overcoming the connectivity and concentration problems by cross sector collaborating at different levels. One of its basic priorities is the management and realization of the connectivity between environmental, ecological and cultural elements (values) at different landscape scales that do not know borders [21,23,24,25]. Although various attempts have been made to measure territorial cohesion, the final answer on how to measure connectivity in the sense of territorial cohesion remains elusive (21). Increasingly, green infrastructure is seen as an approach to spatial planning that provides and integrates a wide range of functions within the same spatial structure and land use. Current literature analysing the concept of green infrastructure [17,26,27,28,29,30] shows that this approach can help manage land in a more sustainable and integrated way, maximizing potential multiple benefits and managing potential conflicting demands and pressures, such as housing, industry, transport, energy, agriculture, forestry, water management, nature conservation, recreation and aesthetics.



The concept of green infrastructure is primarily based on the principle of connectivity. The application of connectivity as an ecological principle in landscape planning, protection and development ensures biodiversity conservation and sustainable use of natural resources, and might be monitored by changes in the ecological cohesion index [31,32]. In the context of spatial planning, using the concept of green infrastructure as “a strategically planned network of natural and semi-natural areas designed and managed to deliver a wide range of ecosystem services” [33], there is a clear planning intention to incorporate the principles of multifunctionality and multiscale (from national to local) with this concept. As a result of the vast literature review dealing with the principles of green infrastructure planning, in addition to the principles of connectivity, multifunctionality and multiscale, which are considered to be the core principles, Monteiro et al. 2021 distinguished the principles of applicability, integration, diversity, governance, and continuity [34]. It is undeniable that within the existing spatial planning instruments policy makers consider the protection and planning of elements of green infrastructure as a green network, but lack understanding of its cross sectoral and cross scale potentials, namely green infrastructure “as a whole” [30]. Over the past decades, the concepts of territorial cohesion have brought a new dimension to debates on the application and integration of green infrastructure “as a whole” into the process of spatial and urban planning, between different sectors, and at different spatial scales [22,25,35].



A hybrid concept of green infrastructure that encompasses a wide range of principles [29,34] has the potential to achieve realization of the ecological model of territorial cohesion. The emphasized territorial (structural) and functional inclusive approach through different types of landscapes—from urban to rural, to areas of emphasized natural values, ensures the planning, formation and management of a green corridors and patches which could provide a wide range of ecosystem services (provisioning, regulating, cultural and supporting services) [35,36]. The structural elements of green infrastructure of the urban-rural continuum include protected natural units, fragments of forest and wetland vegetation, green spaces of the edge zones of settlements, different types of buffer zones, and production forests such as large parks [35,37]. Davies and others [38] note that the main functions of GI should be used to classify the elements of green infrastructure. In their research, they note that the semantic nature of the term “green” can be observed along the Gray-Green Continuum (GGC), where the functions of GI cannot be strictly defined due to its interaction with different types of landscapes. Ahern (2016) offers a typology and classification of new urban ecosystems that survive or emerge in the urban area, and are the result of intentional or indirect human activities and management (Remnant, Abandoned, Horticultural, Green Infrastructure related) [16].



In contemporary academic research in Serbia, green infrastructure is interpreted as the concept of urban and planning strategies in which landscapes are conceptualized as green infrastructure. In line with global trends, GI is increasingly used as a strategic response to climate change. According to the theoretical background, the understanding of this concept as the application of the landscape-ecological principle of connectivity, which at the same time integrates ecosystem services and provides greater landscape stability at the national—strategic scale, green infrastructure is recognised in the Spatial Plan of The Republic of Serbia (2010–2020) [17,39,40]. At the municipal level, the Plan for the General Regulation of Green Spaces of the City of Belgrade (2019) developed a concept of green infrastructure through the core, inner and outer ring of a well-known and structuralised green spaces system [17,39]. Although the GI concept appears in spatial plans, in connection with maintaining biodiversity and nature protected areas, it is still little known even among presumably well-informed spatial planning officials. In addition to common scepticism toward the new concept, we should be aware that GI competes with several well-introduced instruments within spatial planning (greenways, urban green network). As noticed by many scholars [34,35,36], and Serbian experience confirms [35,41], there is an obvious problem of understanding the GI concept “as a whole”, and its multifunctional and structural concept. The reason might the lack of instruments as well as a methodological approach which could provide insights into the realisation of multiple goals that can be combined into one measure. Less attention has been paid to the method integrating the principal of connectivity and its metric parameters into the spatial and urban planning [35,41].



Under these circumstances—the context of fragmented and environmentally sensitive landscape of urban- rural continuum, the need to move toward territorial cohesion and difficulty to measure it, possibility to reach and measure connectivity within concept of GI “as a whole”, but lack of instruments applicable in spatial planning procedure—gives rise to the need to undertake research capable of addressing GI as a spatial planning methodological approach.



Since green infrastructure is a network that relies on the territorial aspect of the land-scape and should be the subject of planning and management, we explore a new methodological approach to GI which can perform as an “ecological model” of achieving territorial cohesion in spatial planning. We aim to establish a new classification and typology of the elements and functions of green infrastructure within the existing spatial data base, as well as to determine the modalities of their spatial prioritization for the purpose of forming a stable ecological system and increasing the degree of cohesion. This is particularly a high priority activity in the areas of the urban-rural continuum under strong anthropogenic influence, and it is necessary to set priorities for green infrastructure development [35,41].



This paper contributes to the urban-rural sustainable development debate by exploring the potential of the GI methodological approach via its application in the territories of the municipalities of Vojvodina in which the development is expected according to the principles of the urban-rural continuum. The selected areas include urban centers (Novi Sad, Zrenjanin and Subotica) as well as elements of urban landscapes with suburban and rural characteristics with developed daily migration and great economic diversification [39,42,43]. The development of areas outside urban centers is influenced by the processes of urbanization and their spatial dynamics is closely related to the socio-economic context imposed by the urban centers. Over time, these spaces will show a higher level of transformation and fragmentation, which will impair the system’s resilience and its capacity to provide valuable ecosystem services.



In order to strive for territorial cohesion as one of the sustainable development goals, this paper introduces a GI planning approach which gives information about the GI elements that have different levels of planning priorities and a cross-sectoral potential to improve the “ecological dimension” of territorial cohesion. Questions to be answered are: How can GI elements be identified, evaluated and classified within the existing database? Which analytic dimensions of landscape planning methodology should be used to measure connectivity and monitor territorial cohesion? And, does it provide a range of spatial and functional importance of each GI elements for the purpose of spatial scenarios?




2. Materials and Methods


2.1. Study Sites


The investigated areas where the methodological procedure was applied are administrative units of three town settlements and municipal centers in the northern part of Serbia called the Administrative Province of Vojvodina. The territories of the towns of Novi Sad, Zrenjanin and Subotica, represent spatial units whose landscape structure has been formed over time under the dominant influence of agriculture and urban development (Figure 1). The territory of Vojvodina is traditionally used for agricultural production, and it still has areas with isolated elements of forests and steppe that stand out as examples of endangered habitats in the context of climate change and urbanization [44]. The climate of this area is temperate continental, with the Danube regime of precipitation [45,46] defined as a variant of variant of humid temperate climate with dry periods according to Köppen’s classification [47]. In addition, this area belongs to the ecoregion of Pannonian mixed forests [48] which includes subcontinental thermophilous (mixed) pedunculate oak and sessile oak forests, sub-Mediterranean subcontinental thermophilous bitter oak forests, as well as mixed forests, mixed oak-hornbeam forests, sub-Mediterranean-subcontinental lowland to montane herb-grass steppes, and azonal floodplain vegetation [49]. The basic pressure on habitat diversity is exercised by the process of homogenization of landscapes under the influence of agriculture, drainage processes, irrigation and salinization, river regulation, construction of wind farms, new industrial and business parks, energy plantations of fast-growing tree species and the presence of alien species [20]. Spaces that are recognized as valuable from the aspect of biodiversity conservation and the specific natural footprint are subject to the legal regulation of nature protection through different international and national protection categories [50].



Novi Sad is the regional and political-administrative center of Vojvodina. It is located in the central part, by the Danube River and occupies a total area of 69,884.33 ha. Novi Sad is the largest town in Serbia, after Belgrade (the capital of Serbia). According to the 2011 Census, its population is 341,625 inhabitants with a tendency of further growth [51]. A high degree of urbanization (over 70%) indicates the dominance of urban population with an increase of 4.6% in the next 25 years [52]. Significant protected areas in the territory of Novi Sad are Fruška gora National Park which is recognized as a Primary Forest [53], as well as the Koviljsko-Petrovaradinski rit Special Nature Reserve (SNR) and Begečka jama Nature park [54].



Zrenjanin is located in the eastern part of Vojvodina, on the banks of the Begej and Tisza Rivers. In terms of the area occupied, Zrenjanin (total area is 132,019.64 ha) is the largest town in AP Vojvodina and the second largest in Serbia. According to the 2011 census, the municipality has 123,362 inhabitants, with a trend of continuous population [51]. The urbanization rate of the municipality is 60.41% with a tendency of increase in urban population [55]. The most important protected areas are in the category of wetlands: SNR Carska bara, Nature Reserves Ritovi Donjeg Potisja, Okanj Bara and Rusanda Nature Park [54].



Subotica is located in the north of Vojvodina, on the border with Hungary. The total area of the municipality is 100,584.5 ha. According to the 2011 census, the municipality of Subotica has 141,554 inhabitants, with a negative trend in population movements even with 72.2% degree of urbanization [51]. In the territory of Subotica, the protected natural areas are Subotica-Horgoš Sands Nature Park, SNR Ludaš Lake, SNR Selevenj heath and Palić Nature Park [56].




2.2. Research Methodology


2.2.1. Land Cover and Green Infrastructure Classification Elements


The proposed method consists of several related phases of research arising from different theoretical and methodological approaches, which materialize the landscape elements as spatial and measurable categories of green infrastructure through the dimension of land cover (Figure 2). The research relies on the basic concept of green infrastructure according to which natural and semi natural elements of landscape structure have the capacity to provide a wide scale of ecosystem services that form a resilient space at the landscape level [57,58].
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Figure 2. Methodological framework: a schematic outline of the phases—(a) present state of land use/land cover classes, (b) grey-green continuum principle, (c) novel urban ecosystems/landscapes typology and (d) spatial analysis of GI elements. 
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The basic foundation that determines the landscape structure of the study area is the Urban Atlas of land cover created under the framework of the Copernicus program of the European Union, which represents the state of the structure of functional urban areas for 2018 (Figure 2a). Although with a certain time distance, this base offers the most comprehensive and typologically uniform approach to the structure of the surfaces of the study areas. In the first phase, a typological reclassification was performed in relation to land use /land cover classes (LULC), according to the Grey-Green Continuum (GGC) principle based on a theoretical approach of Davis et al. [38]. The landscape structure elements are classified within a ten-stage scale—from I to X (Figure 2b) in relation to their belonging to different levels of naturalness. The main reason for choosing this approach is the fact that according to this classification, the functions of natural and semi natural elements are interpreted as part of green infrastructure—especially if the natural processes that govern them, can achieve ecological functions registered on a larger landscape scale [57]. The arable land class is recognized with a neutral position in the grey-green continuum, due to a purpose that is exclusively related to intensive agricultural production that does not allow multifunctionality modalities in a given spatial context and cannot be considered as part of the green infrastructure.



The Typology of Novel Urban Ecosystems/Landscapes (NUE) [16] is the second phase (Figure 2c). In this phase the categories of spaces are grouped according to their typological affiliation to a particular origin as well as the functional status in the urban landscape into the identified classes of the GGC approach. The typology of ecosystems of urban landscapes enables the elements of green infrastructure to be classified according to their potential for improving the network of natural and nature-close elements, which in planning terms can be one of the indicators for assessing the feasibility of territorial cohesion. The following categories are included in the original classification [16]:




	
Remnant/Restored native—residual landscape elements of early stages of urbanization or revitalized with minimum alterations of autochthonous species,



	
Abandoned/Ruderal—occasionally or minimally maintained elements of the structure of high variability and compositions of species with very dynamic processes,



	
Horticultural/Formal—areas designed and managed by man for environmental benefits, aesthetics, social and recreational values and



	
Green Infrastructure related—a biotic component of green infrastructure combined with an adaptive design.








Protected natural areas are coherent and resilient systems of a formal ecological network [59], and that units which are spatially identified and protected by legislation are managed in such a way that natural values are preserved or improved. Therefore, for the purposes of this research, these landscape elements are recognized as part of the first category, i.e., Restored Native. Other natural and semi-natural landscape elements in the form of forests and wetlands outside of the nature protected areas that have a different legislative status (forestry land use or agricultural land use) are identified as Remnant native, while green spaces of urban areas are part of the Horticultural/Formal group. Landscape elements belonging to the category Abandoned/Ruderal have the most significant spatial potential to obtain the status of green infrastructure and improve the connectivity of natural and nature-close elements at the landscape scale. In addition, these elements are mainly located in the peripheral zone of populated areas. That is way they are attractive locations for the expansion of urbanized areas, which is making their future as components of green infrastructure uncertain. Therefore, in further analyses, elements representing green infrastructure components are treated through the groups Restored Native, Remnant Native and Horticultural/Formal elements.




2.2.2. Elements of Green Infrastructure and Their Connectivity


For the purposes of this research, the applied method for determining the level of connectivity between the elements that are the primary carriers of the green infrastructure function, was based on the landscape graph-based principle [60]. The method was applied to the selected groups of landscape elements resulting from previous stages: Restored native elements, Remnant native elements and Horticultural/ Formal elements (Figure 2d). Graphab application version 2.8 [61] was used, which enables the creation of graphs composed of nodes that are connected by connections based on Voronoi diagrams, which is a common approach for determining the level of connectivity [17]. A particularly significant aspect of this approach is the possibility of weighting the role of certain classes identified as the target group of GI elements in order to make the analysis of their connectivity sensitive to the significance for the stability of the landscape structure and therefore to the more complex ecosystem services they achieve in the landscape [62].



In addition, some of the landscape metrics tools were applied, which quantified the geometric characteristics of the landscape elements belonging to the green infrastructure classes in order to assess their significance for landscape functioning. Patch Analyst 5.2 software [63] was used at the patch level, where the Area-Perimeter Ratio (Apr) (EQN 1) parameter was calculated for the elements of these classes. The value of this parameter is in a synthesis of two fundamental aspects of landscape structure: composition and configuration [64]. This parameter has a long history of application for the purposes of the analysis of landscape characteristics [65,66]. High values of this parameter indicate the existence of large landscape elements of a compact form. This enables them to have a greater ecological stability as well as a dominant influence in the landscape [67].


  A P R =    A  i , G I      P  i , G I      








APR—Area-Perimeter Ratio. Ai.GI—area (sqm) for a particular element that is part of green infrastructure classes. Pi.GI—perimeter (m) for a particular element that is part of green infrastructure classes.



In accordance with the previous findings on the characteristics and origin, assessment of the level of connectivity as the level of dominance of green infrastructure elements in the landscape structure, the final typology of the constitutive elements of green infrastructure (Table 1, Figure 2d) was proposed. Green infrastructure hubs are the epicenters of ecosystem services, and thanks to being recognized as valuable from the point of view of nature protection they enjoy the status of formal protection, as the most significant elements of green infrastructure whose future is assured [59]. Green infrastructure nodes occupy an important place in the connection matrix between hubs and gateways. These elements have a high level of naturalness and certainly allow a certain level of ecosystem service [68]. However, the fact that they are located in land uses that are not complementary to their structure is a threatening factor for their durability. Green infrastructure gateways are isolated elements of nature in the city. As such, they are important from the aspect of providing ecosystem services, especially the ones from the group of cultural services, i.e., leisure, recreation and health and quiet enjoyment [69].



The determined connectivity levels between green infrastructure hubs, nodes and gateways indicate spatial zones in which there is the greatest absence of their interconnectivity. These zones are recognized as barriers that prevent the development of structural and therefore functional characteristics of green infrastructure and ecosystem services. In directions where the shortest path for achieving connectivity was identified using the landscape graph-based method, elements belonging to the Abandoned/Ruderal group were distinguished according to the NUE classification. According to the GGC classification, this group includes the following elements: VI—Land without current use and Complex and mixed cultivation patterns; VII—Sports and leisure facilities, Pastures and Open spaces with little or no vegetation; VIII—Permanent crops and Herbaceous vegetation associations. These elements have the potential to obtain the status of Green infrastructure dots as the lowest level of support for a network of natural and semi-natural elements which represent supporting elements of green infrastructure at the regional level [70].






3. Results


3.1. Clustering Elements of Green Infrastructure


The results of a different classification of landscape elements of the Urban atlas according to the GGC principle are shown in Figure 3 and Table 2. In all three investigated territories, the class of arable land is highly dominant (Novi Sad: 59.57%; Zrenjanin: 75.08%; Subotica: 81.35%). This results in small areas belonging to category X (forests and wetlands)—Only in the territory of Novi Sad this category accounts for 11.22%, which is the result of a larger share of Fruška gora National Park, as one of the primary motives for protecting the existence of quality forests. Categories from IV to I, which refer to different classes of artificial areas, dominate in the territory of Novi Sad (14.65%) (Zrenjanin: 5.52%; Subotica: 8.59%), given the fact that it is the second largest town in the Republic of Serbia and the administrative and economic center of Vojvodina.



After the implementation of the second phase of the research, that is, the classification of the GGC approach results according to the modified NUE concept, a slightly different picture was obtained of the ratios of surfaces that can be interpreted as part of the green infrastructure (Figure 4, Table 3).



The three selected towns in Vojvodina, Novi Sad, Zrenjanin and Subotica, with their surroundings are examples of urban landscapes in which agricultural activity is significant. That is registered through a large share of agricultural land used for intensive agricultural production ranging from 59.27% for Novi Sad and, 72.00% for Zrenjanin to 81.35% for Subotica. The shares of forest elements and wetlands outside the protected natural resources belonging to the category Remnant native elements show a certain degree of similarity: Novi Sad: 4.30%; Zrenjanin: 2.77% and Subotica: 3.26%. The shares of nature protected areas, which are categorized as Restored native elements according to the NUE modification are also similar: Novi Sad: 8.88%; Zrenjanin: 8.11%; and Subotica: 7.17%. These spaces are units with a high level of biodiversity and are part of the formal protection of natural values accordingly recognized in the functional sense as Green infrastructure hubs. They are treated as spaces in which no intervention can be made in terms of creating or shaping new elements. The role of the town of Novi Sad as the agglomeration center has influenced characterization of the territory of its administrative unit as dominated by urbanized areas (14.49%) in comparison with the other two investigated towns. This fact is also correlated with the number of inhabitants, given that Novi Sad has the largest population (341,625) as well as the largest number of employed inhabitants, which places it in the category of a large industrial center (from 20,000 to 50,000 employees). The territories of the other two towns are characterized by a smaller percentage of built-up areas, Zrenjanin–5.51% and Subotica–8.51%, which is in accordance with the lower urban center category, i.e., they represent urban areas of regional development. The population of these two towns is relatively similar, Zrenjanin–123,362 and Subotica–141,554. They both have regional importance and represent large industrial centres (from 10,000 to 20,000 employees). The different status of these towns also results in different shares of Horticultural/ Formal elements, that is, the Green urban areas class (IX): Novi Sad: 0.43%; Zrenjanin: 0.12%; and Subotica: 0.15%.




3.2. Connectivity of Green Infrastructure Elements


The Graph-based principles applied to the green infrastructure classes which are a synthesis of the GGC and NUE approaches, determined different scales of connectivity which show a significant dependence on the spatial context in which they are realized. The basic directions of connections between the classes that make up the constituent elements of green infrastructure are represented by the Voronoi diagram lines, while their intersections are represented in the form of a point that is weighted by the weighting factor of the role of a particular element in the network (Figure 5, Table 4). In addition, the value of the Area-Perimeter Ratio parameter was established, which identified the gradient of influence of individual elements belonging to green infrastructure. In relation to the model of green infrastructure functionality assessment, a typology of elements of green infrastructure was produced in relation to their level of impact on landscape structure.



In relation to the setup model of assessing the functionality of green infrastructure elements, in all investigated areas, a part of Green infrastructure hubs have been recognized within Restored native elements, i.e., nature protected areas. From the aspect of the high level of connectivity and spatial dominance, “Fruška Gora” National Park and the “Kovilj-pertovaradinski rit” Nature Reserve were distinguished in the territory of Novi Sad. The “Okanj bara” Nature Reserve was distinguished in the territory of Zrenjanin, and in the territory of Subotica the “Subotička pesčara” Outstanding natural landscape. These spaces represent highly functional entities, not only due to the presence of formal nature protection, but also due to the fact that their values of the Area-Perimeter Ratio parameter are high. This indicates their compact form and size, interpreted as the realization of ecological dominance and great influence in the investigated areas. Depending on the spatial context, Green infrastructure hubs are responsible for a variable number of connections with other elements (Novi Sad: 21.61%; Zrenjanin: 4.80%; Subotica: 13.07%), but the character of their connections is of high value.



Elements with lower values of the Area-Perimeter Ratio parameter, smaller areas and spatially distinctly linear protected natural areas, or spaces where the focus of protection is on aquatic habitats (Novi Sad: “Begečka jama” Nature Park; Zrenjanin: “Ritovi Donjeg Potisja” Nature Reserve; Subotica: “Ludaš Lake” Nature Reserve; “Palić Lake” Nature Park), as well as larger fragments of forests and wetlands are classified in the category Green infrastructure nodes. These spaces represent significant elements of green infrastructure that combine a large number of elements identified as Green infrastructure gateways. Cumulatively with Green infrastructure hub connections, this group forms the axis of connectivity of highly valued elements of green infrastructure in the surveyed areas (Novi Sad: 31.92%; Zrenjanin: 25.93%; Subotica: 33.28%).



Green infrastructure gateways hierarchically represent the lowest elements of green infrastructure. They are present in the form of small protected urban parks (mostly located in the territory of Novi Sad), nature protected areas, which are represented by a smaller percentage in the surveyed area (Zrenjanin: “Rusanda” Nature Park; Subotica: “Selevenj heath” Special Nature Reserve) as well as small scattered elements of forests in peri-urban areas, protective forests and wetlands in alluvial fans and linear natural elements along river corridors. These elements provide territorial and thus functional expansion of green infrastructure impact on the peripheral zones where urban and agricultural land use dominates. Green infrastructure gateways allow for the connection and flow of ecological processes through the landscape.




3.3. Improving the Green Infrastructure Networking


The landscape matrix is represented by arable areas, so the space for new elements of green infrastructure can be located within the smaller remaining natural and semi-natural fragments that are nested within arable areas. As this land use type is a vital resource of AP Vojvodina, the dominance of its structure and functionality tends to limit other uses. This is especially true for those that are carriers of a certain degree of naturalness and have the potential to improve green infrastructure. Grouped parts of urbanized areas also represent elements that are not primarily composed of natural and semi-natural elements, but occasionally have Horticultural/Formal, i.e., Green urban areas in their matrix which enables the spread of green infrastructure to this group as well. By applying Voronoi diagrams, a system of directions of shortest geometric distances was formed between the elements that build up green infrastructure. In these zones, elements identified as Abandoned/Ruderal according to the NUE approach have been distinguished. They have the spatial capacity to provide significant support to formal elements of green infrastructure. Abandoned/Ruderal is a “highly dynamic but manageable” group with a significant function of a “climatic buffer” [16]. In its structure, it represents a transition phase of urban and agricultural land use and accordingly emergence of the classes of Herbaceous vegetation associations, Pastures, Permanent crops, Complex and mixed cultivation patterns, etc. In relation to the above, elements of the Abandoned/Ruderal group were distinguished in the investigated areas, representing the areas with the highest potential for improving the connectivity of formal groups of green infrastructure and as such they were named Green infrastructure dots (Table 5).



Spatial units that have the highest potential to form the lowest organizational category of green infrastructure are classes that belong to category VII. Pastures, which are mostly located in the peri urban areas of the towns of Novi Sad (6.12%) and Zrenjanin (3.29%) are distinguished within this category. Since these are spaces that will be endangered by the process of expansion of settlements in the future, adequate treatment of these classes through the prism of their spatial significance as Green infrastructure dots is necessary. The territory of Zrenjanin settlement provides space for this category of green infrastructure through the class of herbaceous vegetation associations (3.72%). These areas are mainly located in the wider zones of nature protected areas in alluvial floodplains. Thai is why their importance for agricultural production is not too high. Given the significant share of arable land in the territory of the settlement of Subotica, no class of elements favourable for the development of Green infrastructure dots prevails. Even though these classes occupy relatively small areas, their significance is important, especially since they represent the only mode for the improvement of green infrastructure.



However, between the identified elements of the categories VI, VII and VIII, it is necessary to prioritize depending on the spatial context, the character of a sub-administrative unit, and the need to achieve connectivity as a part of territorial cohesion. Concerning the modified classification of rural-urban areas of Serbia [42], green infrastructure dots are spatially analyzed through the prism of the settlement character (Figure 6). The chart pies present the percentage ratio between categories that are recognized as green infrastructure dots (pats of categories VI, VII and VIII), while the size of the chart is determined by their cumulative area at the sub-administrative unit level. Cities, towns, and suburbs are the main starting points that should dictate the magnitude and character of territorial cohesion. Besides this, the territories of cities, towns, and suburbs are the source of Green infra-structure gateways, rarely with Green infrastructure nodes, which emphasize the need for connectivity and cohesion improvement. Sustainable agricultural areas usually contain Green infrastructure hubs and Green infrastructure gateways but lack Green infrastructure nodes, which reduce connectivity and coherence with other territorial units. In this context, the territories of urban areas (cities of Novi Sad, Zrenjanin, and Subotica) should have a more adequate treatment of categories VI (Complex and mixed cultivation patterns) and VII (Pastures) and preserve them or transform them in the direction of more formal green infrastructure elements. The city and suburbs of Novi Sad have the potential to direct the development of territorial cohesion with other towns and rural settlements based on the spatial potential of Pastures (VII). The same can be stated for Zrenjanin based on Pastures (VII) and Herbaceous vegetation associations (VIII), and for Subotica based on Complex and mixed cultivation patterns (VI) and Pastures (VII). On the other hand, Sustainable agricultural areas achieve their potential to accept and improve territorial cohesion on the basis of Pastures (VII) (Novi Sad, Zrenjanin, and Subotica), Herbaceous vegetation associations (VIII) (Novi Sad and Subotica), Permanent crops (VIII) (Zrenjanin and Subotica), and Complex and mixed cultivation patterns (VI) (Subotica).





4. Discussion


The process of urbanization continues in a direction that transforms the landscape creating an urban-rural continuum. This process lowers the level of connectivity between nature-close elements, which is one of the indicators of the level of biodiversity, the ecological dimension of territorial cohesion and the stability of urban landscapes [71,72]. This study of landscape structure in the territory of the towns of Novi Sad, Zrenjanin and Subotica indicates that the processes of urbanization and intensive agricultural production have shaped the landscape structure. By its intensity and spatial domain in this structure, urbanization maintains a significant role of urban centers morphologically recognized as a form of concentric circles or linear systems where urbanity declines with the distance from the centers (Table 3; Figure 4). The share of natural and nature-close elements on which the stability and resilience of the landscape depends is negligible in the structure of the urban-rural continuum. The transit zone between urban and rural settlements in the territory of the urban landscapes of Novi Sad, Zrenjanin and Subotica does not account for more than 11% of the area of elements that represent the constitutive elements of green infrastructure (Table 3; Figure 4).



The spatial development tendencies of the Autonomous Province of Vojvodina are directed towards global trends of that initiate the inclusion and town reshaping through mutual competence and cooperation without the need for physical distances [73,74]. These trends lead to the improvement of national frameworks and strengthening of the urban landscape as a new level of economic organization and a precondition for a successful development and revitalization of degraded spaces.



The Regional Spatial Plan of the Autonomous Province of Vojvodina, as a strategic planning document, emphasizes the role of spatial planning at the scale of the urban-rural continuum. It should provide: the development of integrated space patterns and connection with the surrounding villages, harmonization of the spatial-functional matrix of settlements with environmental capacities, resolving of conflicting interests and development problems in space, as well as raising the quality of the environment [74]. Such a planning approach to the integrated urban-rural continuum depends primarily on a change in the spatial planning methodology. That methodology is based, among other things, on a landscape-based approach offering common ground and a transdisciplinary research approach to scientists and practitioners with different backgrounds, values and interests that were involved [13,19,25,26]. In functional terms, with the emergence of ecosystem services, our research shows that Ahern’s [75] “concept of landscape as a green infrastructure” has positive connotations at different scales. It increases the confidence in the usability of this multifunctional concept in spatial planning among different stakeholder groups as a term that conveys a clearer social benefit [35]. The precondition for the search for optimal models and typologies of green infrastructure elements is the existence of a very similar and accepted concept of the green network and its application in the existing planning procedures and databases. Defining the classes of green infrastructure elements in the territory of three towns (Novi Sad, Zrenjanin and Subotica) in relation to the GGC principle provided an insight into the spatial distribution of the existing green infrastructure elements, their origin, current state and potential. This differs significantly from the approach to classifying green network elements and existing elements of the green area system of the explored towns. From the aspect of spatial planning, in order to increase the “ecological dimension” of territorial cohesion, the landscape elements belonging to the Abandoned/Ruderal category have the most significant spatial potential for obtaining the status of Green Infrastructure related. I addition, they have the capacity to improve the connectivity of natural and nature-close elements at the landscape scale. The spatial distribution and specific location of these elements in the peripheral zone of the investigated cities, which represent attractive locations for the expansion of urbanized areas and further residential construction, indicates that their survival as elements of green infrastructure depends on future planned interventions in space, that is, on the planned approach.



The results of the research of the level of connectivity between the elements of green infrastructure, and their previous classification (Green infrastructure hubs, Green infrastructure nodes, Green infrastructure gateways), are the basis for the application of the GI concept in the formation of various spatial planning scenarios of Novi Sad, Zrenjanin and Suboti. They should provide a high degree of territorial cohesion with an initial emphasis on its environmental dimension [35]. The spatial analysis of connectivity based on the Voronoi diagrams and landscape graph-based principle resulted in the formation of a system of directions of shortest geometric distances between the elements that build the green infrastructure. That defined the level of significance of the structural and functional arrangement of these elements in the matrix of the urban-rural continuum in the territory of Novi Sad, Subotica and Zrenjanin. It is expected that Green infrastructure hubs as natural protected entities are priority elements of green infrastructure. However, Green infrastructure nodes and Green infrastructure gateways (which have a functional role of corridors) belong to the secondary priorities of green infrastructure planning and represent ecosystem services provision units and thus ensure coherence and functionality [35]. In the spatial planning sense, as the third level of priority in spatial scenarios, Green infrastructure dots are the most important. As a complex and mixed cultivation pattern, open spaces with little or no vegetation, as well as pastures in the edge that influence urban settlements, they have spatial and functional potential to provide several ecosystem services. Within this third level of priority, the Green infrastructure dots category emerges as a significant space for the realization of ecosystem services and cultural services. Its great potential is realized through further elaboration at the local scale, by applying landscape design that should introduce creative and artistic elements in order to develop these GI elements as visually attractive, recreational and multifunctional green areas.



As one of the crucial principles of landscape ecology, the principle of connectivity, encompasses a wide range of ecosystem services in the hybrid concept of green infrastructure, which can be viewed from the aspect of territorial cohesion. The elements of green infrastructure have a multifunctional significance, which is reflected in their ecological but also in their cultural, visual and social significance at the local level. Further research on the dimensions of territorial cohesion, in the context of the application of green infrastructure in spatial planning at different scales, should be directed towards the cross-sectoral research (forestry, agriculture, water management etc). An integrated environmental and visual assessment of natural and semi-natural elements and determination of their potential for the formation of green infrastructure is an essential methodological and practical activity that can provide guidelines for the design of GI elements. By applying a transdisciplinary research approach, in which the local population also participates, it is necessary to investigate the environmental and visual qualifications that Green infrastructure dots should have. After being improved through elements of landscape design, they can become attractive recreational multifunctional green spaces illustrating the eco-visual territorial cohesion of the urban-rural continuum.




5. Conclusions


At the very beginning of this research, it was hypothesized that the ecological model of achieving territorial cohesion can be realized by applying the concept of green infrastructure. The landscape structure was investigated on the basis of the existing databases in the territory of three towns of the AP Vojvodina in which there is a high degree of urbanization and in which spatial development is expected based on the principles of the urban-rural continuum.



The main spatial database was Urban Atlas 2018, which has the accurate level of details and a high use value for local and regional planning scale. The landscape structure was analysed and the elements were classified concerning the Grey-Green Continuum and Novel Urban Ecosystems. Even though those two approaches have proven to be suitable for compilation and reclassification of some land cover classes, space was left for another rethinking, regarding the classes with a high level of structural heterogeneity as well as water features. This can be overcome by using other original databases or by compiling with some of the derivatives of remote sensing and by expanding the interest to the domain conceptual framework of blue-green infrastructure. The research applied a method based on landscape connectivity analysis that enabled us to understand the comprehensive concept of green infrastructure (as a whole). In addition, it also provided an insight into its comparative advantage over the concept of green network. During the research, the following conclusions were drawn:




	
The existing databases such as the Urban Atlas can be intercepted in a structural and functional manner through the specific role of certain classes of landscape elements potential for improving the green infrastructure at different spatial scales (Remnant/Restored native, Abandoned/Ruderal, Horticulrual/Formal, Green/infarstructure related). The classes of green infrastructure elements in relation to the GGC principle provided an insight into the spatial distribution of the existing elements, their origin, current state and potential, which differs significantly from the classification of green network elements and elements of the urban green area.



	
The analytic dimensions of landscape planning methodology based on landscape graph-based principle enable the creation of graphs composed of nodes that are linked by connections based on Voronoi diagrams. The parameter of landscape metrics quantified the geometric characteristics of the elements belonging to the green infrastructure classes in order to assess their significance for landscape functioning. The typology of GI elements was produced in relation to their level of impact on landscape structure (GI hubs, nodes, gateways, nodes).



	
The quantification of the connectivity between green infrastructure hubs, nodes and gateways indicates spatial zones in which there is different level of their interconnectivity. These zones are recognized as barriers that prevent the function of green infrastructure and ecosystem services. Hence, the green infrastructure approach indicates the level of territorial cohesion and enables spatial and functional prioritization of elements that have significance in achieving the ecological dimension of territorial cohesion. In the spatial planning sense, Green infrastructure dots are the most important.



	
As a complex and mixed cultivation pattern, open spaces with little or no vegetation, as well as pastures in the edge that influence urban settlements, Green infrastructure dots are distinguished as a spatial category which, due to their level of naturalness and spatial distribution in the heterogeneous matrix of the urban-rural continuum, have a significant potential for development at the cross-sectoral scale (forestry, agriculture and water management). Their potential has also been recognized at the local scale in the aim to achieve the ecological, visual and social dimension of territorial cohesion.








The application of the concept of green infrastructure in spatial planning is a long-lasting process. The green infrastructure planning approach is very effective for showing the existing potentials within the process of developing a spatial plan, but also for developing multiscale and cross-sectoral scenarios for achieving territorial cohesion. Therefore, the main recommendation for future research is that solutions to spatial and urban planning problems should be studied that go beyond the traditional planning procedure. More precisely, they should be dealt with by emphasizing the ecological dimension of territorial cohesion as a platform for transdisciplinary interaction of all sectoral considerations of the urban-rural landscape development.
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Figure 1. Study sites. (1) Municipality of Novi Sad; (2) Municipality of Zrenjanin; (3) Municipali-ty of Subotica. The legend for subfigures 1, 2, and 3 is presented in Figure 2a (LULC). 
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Figure 3. The Grey-Green Continuum applied in the territories of (1) Municipality of Novi Sad; (2) Municipality of Zrenjanin; (3) Municipality of Subotica. A detailed legend is presented in Figure 2b (GGC). 
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Figure 4. The Novel Urban Ecosystems/Landscapes applied in the territories of (1) Municipality of Novi Sad; (2) Municipality of Zrenjanin; (3) Municipality of Subotica. A detailed legend is presented in Figure 2c (NUE). 
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Figure 5. “Ecological dimension” of territorial cohesion: Green infrastructure elements in the (1) Municipality of Novi Sad, (2) Municipality of Zrenjanin, and (3) Municipality of Subotica. 
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Figure 6. Green infrastructure dots at the local level of settlement character for the (1) Municipality of Novi Sad, (2) Municipality of Zrenjanin, and (3) Municipality of Subotica. 
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Table 1. Green infrastructure elements.






Table 1. Green infrastructure elements.





	Functional Role
	Origin
	Description
	Prevailing Land Use





	Green infrastructure hubs
	Restored native elements
	Large and compact nature protected areas
	Nature protection



	Green infrastructure nodes
	Remnant native elements
	Dominantly related to agricultural land use but also related to peri-urban zones
	Dominantly related to agricultural land use but also related to peri-urban zones



	Green infrastructure gateways
	Horticultural/Formal elements
	Urban green areas—city parks and recreational areas
	Urban land use
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Table 2. The classification of landscape element classes according to the Grey-Green Continuum concept.
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Novi Sad

	
Zrenjanin

	
Subotica




	
Land Use

	
Value

	
ha

	
%

	
ha

	
%

	
ha

	
%






	
Continuous urban fabric (S.L.: >80%)

	
I

	

	

	

	

	

	




	
Fast transit roads and associated land

	
I

	
840.28

	
1.20

	
127.21

	
0.10

	
466.46

	
0.46




	
Mineral extraction and dump sites

	
I

	

	

	

	

	

	




	
Construction sites

	
II

	
5840.19

	
8.36

	
3380.28

	
2.55

	
4360.65

	
4.34




	
Discontinuous dense urban fabric (S.L.: 50–80%)

	
II




	
Industrial, commercial, public, military and private units

	
II




	
Other roads and associated land

	
II




	
Port areas

	
II




	
Railways and associated land

	
II




	
Discontinuous medium density urban fabric (S.L.: 30–50%)

	
III

	
1482.85

	
2.12

	
2333.45

	
1.76

	
1481.84

	
1.47




	
Discontinuous low density urban fabric (S.L.: 10–30%)

	
IV

	
2074.83

	
2.97

	
1468.37

	
1.11

	
2331.23

	
2.32




	
Discontinuous very low density urban fabric (S.L.: <10%)

	
IV




	
Isolated structures

	
IV




	
Arable land (annual crops)

	
V

	
41,627.17

	
59.57

	
99,660.33

	
75.08

	
81,821.22

	
81.35




	
Complex and mixed cultivation patterns

	
VI

	
106.07

	
0.15

	
44.93

	
0.03

	
699.09

	
0.70




	
Land without current use

	
VI




	
Open spaces with little or no vegetation (beaches, dunes, bare rocks, glaciers)

	
VII

	
5788.03

	
8.28

	
6009.54

	
4.53

	
2153.09

	
2.14




	
Pastures

	
VII




	
Sports and leisure facilities

	
VII




	
Herbaceous vegetation associations (natural grassland, moors...)

	
VIII

	
1578.35

	
2.26

	
8503.55

	
6.41

	
2655.27

	
2.64




	
Permanent crops (vineyards, fruit trees, olive groves)

	
VIII




	
Green urban areas

	
IX

	
311.99

	
0.45

	
165.78

	
0.12

	
178.54

	
0.18




	
Forests

	
X

	
7842.18

	
11.22

	
5930.18

	
4.47

	
3276.00

	
3.26




	
Wetlands

	
X




	
Water

	
NULL

	
2392.40

	
3.42

	
5122.83

	
3.86

	
1160.03

	
1.15
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Table 3. Application of the Grey-Green Continuum and the Novel Urban Ecosystems/Landscapes concepts.
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Novel Urban Ecosystems/The Grey-Green Continuum

	
Novi Sad

	
Zrenjanin

	
Subotica




	
ha

	
%

	
ha

	
%

	
ha

	
%






	
Urbanized land (I–IV)

	
10,129.00

	
14.49

	
7277.41

	
5.51

	
8474.87

	
8.43




	
Agricultural land (V)

	
41,422.67

	
59.27

	
95,058.94

	
72.00

	
80,399.40

	
79.93




	
Abandoned/Ruderal (VI–VIII)

	
6664.58

	
9.54

	
11,043.44

	
8.36

	
3533.53

	
3.51




	
Horticultural/Formal (IX)

	
300.50

	
0.43

	
153.64

	
0.12

	
149.35

	
0.15




	
Remnant native (X)

	
3006.74

	
4.30

	
3659.11

	
2.77

	
606.87

	
0.60




	
Restored native (Protected areas)

	
6207.03

	
8.88

	
10,709.32

	
8.11

	
7209.70

	
7.17




	
Water features (null)

	
2153.82

	
3.08

	
4117.79

	
3.12

	
210.79

	
0.21




	
TOTAL AREA

	
69,884.33

	
100

	
132,019.64

	
100

	
100,584.5

	
100
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Table 4. Green infrastructure elements: hubs, nodes and gateways at the territory of (1) Municipality of Novi Sad; (2) Municipality of Zrenjanin; (3) Municipality of Subotica.






Table 4. Green infrastructure elements: hubs, nodes and gateways at the territory of (1) Municipality of Novi Sad; (2) Municipality of Zrenjanin; (3) Municipality of Subotica.





	
GI Functional Typology

	
Green Infrastructure Hubs

	
Green Infrastructure Nodes

	
Green Infrastructure Gateways




	
Restored Native Elements with a High Value of APR

	
Remnant Native Elements with a High Value of APR and Restored Native Elements with a Low Value of APR

	
Horticultural/Formal Elements and Remnant Native Elements with a Low Value of APR






	
Novi Sad

	
(1) “Fruška Gora” National Park

(2) “Koviljsko-pertovaradinski rit” Special nature reserve

	
(1) “Begečka jama” Nature Park

(2) Remnant native elements of large forests elements in agricultural land use

	
(1) Small protected urban parks (Natural Monuments)

(2) Small scattered elements of forests in peri-urban areas, protective forests and wetlands in alluvial fan, natural elements along river corridors




	
Area-Perimeter Ratio

	
(1) 531.98

(2) 468.28

	
With minor exception, dominantly lower than 400

	
With minor exception, dominantly lower than 200




	
Total area

	
5721.17 ha

	
1173.11 ha

	
3300.22 ha




	
Connections achieved

	
21.61%

	
10.31%

	
68.07%




	
Zrenjanin

	
“Okanj bara” Special Nature Reserve

	
(1) “Carska bara” Nature Reserve

(2) “Ritovi Donjeg Potisja” Nature Reserve

	
(1) Small patch of “Rusanda” Nature Park

(2) Small scattered elements of forests and wetlands in dominantly agricultural land use




	
Area-Perimeter Ratio

	
1148.08

	
With minor exceptions, dominantly lower than 300

	
With minor exceptions, dominantly lower than 200




	
Total area

	
4094.33

	
6280.11 ha

	
4161.16 ha




	
Connections achieved

	
4.80%

	
21.13%

	
74.08%




	
Subotica

	
“Subotička peščara” Outstanding Natural Landscape

	
(1) “Palić” Nature Park

(2) “Ludaš Lake” Nature Reserve

(3) Recreational Forest

	
(1) Small protected urban parks (Natural Monuments)

(2) Small scattered elements of forests mostly related to settlements




	
Area-Perimeter Ratio

	
722.35

	
With minor exception, dominantly lower than 300

	
With minor exception, dominantly lower than 100




	
Total area

	
5460.31 ha

	
2066.95 ha

	
435.06 ha




	
Connections achieved

	
13.07%

	
20.21%

	
66.72%
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Table 5. Green infrastructure dots: potential land cover classes suitable for territorial cohesion improvement.
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Land Use/Land Cover Classes

	

	
Novi Sad

	
Zrenjanin

	
Subotica




	

	
ha

	
%

	
ha

	
%

	
ha

	
%






	
Land without current use

	
VI

	
73.37

	
0.10

	
32.53

	
0.02

	
128.59

	
0.13




	
Complex and mixed cultivation patterns

	
-

	
-

	
-

	
-

	
433.84

	
0.43




	
Sports and leisure facilities

	
VII

	
80.98

	
0.12

	
38.25

	
0.03

	
101.99

	
0.10




	
Pastures

	
4278.91

	
6.12

	
4337.15

	
3.29

	
1342.89

	
1.34




	
Open spaces with little or no vegetation

	
-

	
-

	
-

	
-

	
41.78

	
0.04




	
Permanent crops

	
VIII

	
227.86

	
0.33

	
258.05

	
0.20

	
541.42

	
0.54




	
Herbaceous vegetation associations

	
646.75

	
0.93

	
4905.72

	
3.72

	
275.84

	
0.27




	

	

	
5307.87

	
7.60

	
9571.7

	
7.25

	
2866.35

	
2.85
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