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Abstract: Close-to-nature urban forests and remnants of natural vegetation represent an important
opportunity for urban residents to experience daily perception of and access to the natural
environment. Despite there being a high percentage of forest cover (59%) and a favorable structure
of the prevailing forested landscapes in Slovenia, urban expansion and infrastructure-driven
development has severely weakened the connectivity and conservation of urban and suburban
forests. The majority of urban settlements lie within walking distance of the surrounding forests
(<1 km). However, only close-to-nature forests with relatively low silvicultural inputs offer ecosystem
services sufficient to fulfil the supply and demand of the expanding urban population. In order to
estimate the conservation of forests in the open space of Slovenian settlements, we used a spatial
model of landscape structure and forest connectivity. The model can be enhanced with patterns of
corridors and stepping stones of natural vegetation in the landscape matrix to provide support in the
decision-making process of landscape planning and the conservation of urban and suburban forests.
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1. Introduction

The process of urban expansion and infrastructure-driven development is affecting cultural
landscapes worldwide [1,2]. This is done at the scale of megacity expansions [3] due to growing urban
environments as there are an increasing number of households and demand for larger living spaces [4].
According to the research programme presented in the Atlas of Urban Expansion [1], only 30% of the
world’s population inhabited cities in 1950, whereas in 2015 the share increased to 54% and is expected
to reach 66% by 2050 [5]. In addition, it was emphasized that cities grew faster than the number of
their inhabitants, as economic development results in larger average incomes, contributing to a greater
consumption of goods and services in general, as well as to increased land consumption per capita.

Securing adequate surfaces for public works and open spaces in advance of development requires
concerted public action. According to Ahern [6], landscape ecologists can provide an important
contribution to urban planning and design. He proposed strategies to build urban resilience capacity
and transdisciplinary collaboration by protecting biodiversity, building urban ecological networks,
managing connectivity, planning and designing multifunctionality, as well as practicing redundancy,
modularization, and adaptive design. The importance of connectivity and landscape conservation on
different scales has been addressed by several authors [7-11].

Hladnik and Pirnat [12] proposed similar methods of applying landscape ecology and urban
forestry to an urban environment of predominately forested landscapes. They presented a concept of
a stable ecosystem in the form of a forest, combining nature preservation efforts with the primarily
social needs of urban society often living in proximity to such natural environments. Connecting the
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human need to experience the natural environment with a life-support system of a persistent forest
ecosystem should become an important contribution of urban forestry to the well-being of urban
society. The study of urban and peri-urban landscape structures and connectivity should not be used
as the sole source of design information, but rather as a method of facilitating and communicating the
design process intended to optimize benefits and minimize potential deleterious impacts [13].

The primary function of spatial models is to find alternative solutions to assist land use planning.
They are used to conduct surveys of development possibilities at the landscape level and propose
solutions for the preservation of the elements of the structure of the landscape, contributing to the
cultural landscape’s identity and/or biodiversity [14-16]. The importance of such landscape elements
can be established at the local scale by analyzing the spatial models of landscape structure and function.
In addition, spatial models are becoming increasingly useful in ecological impact assessments and
are capable of utilizing the integrated knowledge of different disciplines (and experts) in a clear,
reproducible way [17]. In some cases, landscape typology can support the building of spatial models
at the local scale [18]. Consequently, spatial models are arguably the most efficient and objective tools
for the evaluation of different scenarios.

As has been confirmed by the studies conducted in model areas within different Slovene
regions [19-21], the regional scale is too unreliable for the assessment of differences in landscape
structure [22]. Changing the scale reveals new spatial patterns, resulting in high variability within
statistical regions and a less efficient stratification process. Consequently, the assessment of landscape
structure requires the use of several indices adapted for different observation scales [8,23]. Spatial
fragmentation indices, for example, have been included in the estimation process of traffic network
and regional planning in Europe [24,25].

At the regional scale, evaluating landscape structure and processes is not sufficiently reliable
if based solely on the share and prevalence of certain land use types. In fact, it is impossible to
build a general spatial model that could provide a solid basis for the assessment of natural processes
in a cultural landscape. The stability of forest patches, hedgerows, remnants of former natural
vegetation, and all the processes sustained by these landscape elements are further affected by human
corridors, urban centers, and smaller, scattered settlements. In open-space areas, efforts toward
sustaining landscape structure enable the preservation of natural processes in changing cultural
landscapes. Natural processes suffer from the negative impact of human corridors and urbanization,
especially along the most-travelled roads [24,26]. Despite being small in size, Slovenia is affected by
two processes that endanger its cultural landscape. One is the ongoing abandonment of land use
for agricultural purposes, which poses difficulties for the preservation of the characteristic features
typical of the present cultural landscape, especially in the prevailing forested landscapes. The other
refers to the continued globalization trends in urbanization and agriculture, affecting the structure
of urban and agricultural landscapes more than ever before. Due to a small number of people
inhabiting the largest Slovenian cities, it is difficult to directly compare urbanization processes and
the significance of urban forestry in urban and peri-urban areas with other European countries.
In total, the 30 largest Slovenian cities are inhabited by 737,000 people, or 36% of the entire country’s
population [27,28]. Only the five largest Slovenian cities belong to the category with more than
25,000 inhabitants. In contrast to the countries facing rapid urbanization, Slovenia is characterized by
suburbanization and a comparably low share of city inhabitants. The share of the urban population
has not exceeded 50% since 1980s [28]. More suitable than the demographic indices only presenting
the spatial observation scale are the landscape ecology indices, which can be used to emphasize
the significance of urban forestry. We stressed their importance previously when we analyzed the
green areas in the city of Ljubljana [12] and monitored the connectivity of the peri-urban forests [13]
influenced by the urbanization processes typical of European cities. In previous research [12] regarding
an estimation of the forest continuum based on the close-to-nature tree structure and stability of forest
stands, urban forestry was recognized as a branch responsible for the preservation and maintenance of
green urban areas and their diversity. The preservation of extensive and undamaged natural habitats
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is typically seen as the most important condition of biodiversity preservation [29]. In agricultural
landscapes, the most important factors in biodiversity establishment are natural and semi-natural
habitats and their location. It has been established that the nature of the matrix can significantly
influence the habitat use by different species, especially in highly fragmented urban and agricultural
areas of different countries [30]. However, maintaining biodiversity of urban forests, even in the
persistent forest areas, may prove more difficult in the future. Studies have shown that in the majority
of European urban areas, woodlands are gradually being fragmented and thinned and urban forests
are mostly in decline [31].

Even in the areas assessed with a favorable preservation state regarding potential natural
vegetation, humans have influenced their development processes through millennia [32], changing
the species composition and fine-grained structure of the forest stands. Despite much debate around
whether, in the present day, natural forests still exist at all [32,33], as all the Earth’s forests are exposed
to direct or indirect human impact, the gradient of naturalness is still evident and might be linked
to the formation of the forests” biodiversity [34]. However, as emphasized in a recent proposal
for the conservation of biodiversity and sustainable management of forest habitat types, the status
of forest vegetation cannot be considered static [35]. One of the most important requirements of
urban forest stands is to maintain a high share of trees and other species that would appear on
their sites naturally. To preserve the stand’s structure, it is necessary to closely monitor its status
and assess vulnerability of the most endangered lowland and sub-montane forests containing a
disproportionately high share of Norway spruce. As it was determined, lowland forests dominated
by spruce require relatively high amounts of direct artificial energy inputs annually, especially in the
form of silvicultural and protective measures [36]. Spruce forest stands typically expand into the land
closest to farms and settlements along valleys, which explains why they have been so heavily modified
by management practices through history. In recent years, these forests have suffered severely from
barkbeetle attacks. Consequently, forestry is facing a serious problem, especially as, on the one hand,
spruce-dominated forests require high-energy inputs for maintenance and protection, while on the
other, these requirements need to be balanced with the pressure of the urban need for multifunctionality
at the same level as close-to-nature broadleaved stands. When developing new adapted silvicultural
models needed in urban and peri-urban forestry, it is important to share the knowledge stemming
from different forest management and silvicultural practices.

The goal of this study is to determine landscape structure and forest connectivity in the urban
and peri-urban areas of Slovenia’s largest cities. We will present the spatial model based on landscape
typification, forest connectivity estimation, and forest continuum in the urban areas that will enable
the maintenance or complement the network of forest patches and other green surfaces within cities.
Another purpose of the presented article is to provide practical guidelines offering assistance in the
decision-making processes regarding possible future forest-clearings caused by the expansion of
cities, road and railway infrastructure, or intensification of agricultural areas. To that end, we have
taken into consideration recent research studies [37,38], as well as concerns expressed by other
researches regarding difficulties emerging from the fragmentation of peri-urban areas [39,40]. Using the
information at our disposal, we intend to design a spatial model capable of providing a solid basis to
assist in the forest management process, while considering the impact of close-to-nature structures on
biodiversity as well as attending to the human needs of recreation, health, and well-being.

2. Materials and Methods

The concept of the assessment and monitoring of landscape structures aligned with the European
Union’s (EU) hierarchical territorial system—the Nomenclature of territorial units for statistics (NUTS).
The hierarchical system was established for dividing up the territory of the EU for the purpose of
collecting regional statistics, conducting socioeconomic analyses of the regions, and the framing
of policies [41]. The regional typologies applied to the level 3 NUTS regions were mainly used to
monitor rural and urban development, maritime economy, and development of metropolitan regions.
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The system used in the study provides the first accurate measurement of landscape fragmentation for
the majority of the European continent intended to support managers and policy-makers in allocating
resources towards the protection and restoration of biodiversity and landscape quality [24].

According to the NUTS-3 territorial system, Slovenia is divided into 12 statistical regions [27].
For the purposes of our research, we referred to the collection of data in Slovenian cities [42] to select
the 30 largest urban centers distributed throughout the country so that all NUTS-3 statistical units
were represented in the study (Figure 1).

AUSTRIA

CROATIA

0 25 50 km
S E—|
. Forest [ cities surrounded by walking distance
[ NUTS-3 statistical units —— Highways and major roads

Figure 1. Slovenia divided into NUTS-3 (Nomenclature of territorial units for statistics-3) statistical
units with the largest cities, surrounded by a delineated area of a 1 km walking distance from the
built-up areas. Forest patches are fragmented by highways and major roads.

The selected urban areas were studied based on the CORINE Land Cover map [43]. Their
landscape structure was analyzed within a 1 km buffer distance around each city, representing the
estimated walking distance from the built-up areas and designating an accessible open space for daily
recreation [12,44,45].

For assessment of the typification of the statistical regions and peri-urban areas, we relied on the
data on agricultural landscapes [37] with regard to the updated forest map, functional connectivity of
forest surfaces, and influence of the extensive corridors. The control layer was comprised of the data
on the typification of Slovenia [46]. The connectivity and value of natural vegetation remnants were
estimated based on a current land use map of Slovenia, namely an agricultural land use map provided
by the Slovenian Ministry of Agriculture, Forestry, and Food [47]. Additional data was collected from
the Slovenia Forestry Service’s forest stand map [48] with a scale of 1:5000 and a minimum mapping
unit of 0.25 ha. This mapping unit is based both on mapping methodology and close-to-nature forest
management guiding principles for temperate Central European forests, where for the collective
recruitment of forest trees, regeneration gaps of more than 500 m? are suggested. In order to ensure
adequate stability and potential for qualitative selection of light-demanding species, a target gap size
of at least 0.25 ha at the start of regeneration and 0.5 ha at the pole stage is recommended [49].

According to the Rules on the Records of Actual Arable and Forest Land Use [50] the data on a
forest from the records of actual use may deviate from the forest edge under the forest management
plan by a maximum of 15 m. In order to diminish the inconsistencies in estimating spatial forest
characteristics in Slovenia, forest edges were expanded through morphological filtering so that all
non-forest patches, as well as road and railway networks narrower than 20 m, were removed from
the spatial model of the forest areas. Next, we utilized the categorization and the data on the public
road and railway network [51,52] to achieve a unified assessment of the dispersion and fragmentation
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of forest areas at the national scale. Public roads (main and regional) and railways were designated
an influence zone and buffered by 5 m on either side of their axis, whereas with highways the buffer
distance was doubled to 10 m. Local and minor roads were buffered by 2.5 m, which is comparable to
the related methods for the assessment of spatial fragmentation [24,25].

Forest areas were classified according to the internationally comparable, unified typology of
forest sites [53]. The typology of forest sites provides a starting point for various categorizations
of forests [54] and enables a clarification of differences between them that play an important role
in various processes, such as forest management, silvicultural planning, and the assessment of the
productivity and floristic similarity of forest sites. In the frame of the Pan-European indicators of
sustainable forest management [55], it is defined that reports on the surface and structure of forests are
to be made at the level of forest types. In the beginning, these forest types were only referred to as
deciduous, coniferous, and mixed. However, following the year 2007, a more in-depth classification
of forest types was suggested [54,56]. Due to the typology’s hierarchical design and the possibility
to merge site types according to different scales of ecological and vegetation factors [53], we used it
for the assessment of forest surfaces according to forest type, spatial patterns, and landscape indices,
based on which it is also possible to draw conclusions regarding the sustainable management of forests
and forest areas.

The naturalness of actual tree species composition was estimated as the deviation of the actual
tree species composition from the potential natural vegetation model. The model had previously been
employed for defining Slovenia’s Natura 2000 forest habitat types [57]. Based on the Forest Vegetation
Map of Slovenia [58], it is used in Slovenian forest management.

The forest continuum in the selected urban areas was estimated separately, based on the oldest
cartographic sources from the end of the 18th century (military maps of the Austrian Emperor Joseph
II, designed between 1763 and 1787) and the later Franciscean cadaster from 1820 [59].

3. Results

Slovenian statistical regions significantly differ from each other in the share of agricultural
landscapes in the area. Actual agricultural landscapes are prevalent only in two statistical regions
of north-east Slovenia (the statistical regions of Mura and Drava). Everywhere else, predominant
land use favors the forest, which is additionally supported by the prevailing landscape type. Similar
information can be inferred from the number of extensive agricultural landscapes, which are also
prevalent only in the two above-mentioned statistical regions (Table 1).

Table 1. Estimations of landscape structure in the statistical regions of Slovenia.

Name of Region Area Landscape Share2  And Number of Agricultural LT

in Slovene (km?) Type (LT) ! (%) Large® Medium?  Small®
1. Pomurska 1337.05  Agricultural (Agr) 99.3 6 1 2
2. Podravska 217.16 Agricultural 72.2 7 3 3
3. Koroska 1040.80 Forested (For) 8.3 0 1 2
4. Savinjska 2299.74 For/Agr 36.2 5 4 7
5. Zasavska 490.01 Forested 47 1 0 3
6. Posavska 967.60 For/Agr 46.2 4 1 4
7. JV Slovenija 2670.19 For/Agr 224 1 8 4
8. Osrednjeslovenska 2333.89 For/Agr 30.8 3 5 15
9. Gorenjska 2136.60 Forested 14.4 1 2 6
10. Primorsko-notranjska 1456.34 For/Agr 20.8 1 3 5
11. Goriska 2324.71 For/Agr 10.4 0 5 4
12. Obalno kraska 1044.36 For/Agr 31.5 1 1 8

! Landscape type (LT) according to Hladnik [47]; 2 Share of the agricultural landscape-type area in the region;
3 Large (>100 km?), * Medium (30-100 km?), and 5 Small (<30 km?) agricultural landscape types.



Forests 2018, 9, 584 6 of 14

By taking a closer look at the 30 largest Slovenian cities, we were interested in establishing the
characteristics of the landscapes they lay in and the forests that encircled them. Based on data on the
forest cover of Slovenia, we used the GIS ArcMap10.4 (Redlands, CA, USA) [60] environment to assess
the forest structure and its primeval nature within patches/matrices within a 1 km radius around
the selected cities. A patch is a clearly separated forest surface encircled by another type of land use,
while a matrix consists of a forest that continues uninterrupted beyond the designated 1 km radius
until it reaches the background of the study area. Most of the selected cities predominantly lay within
one landscape type. One exception is Ptuj, which lies at the juncture of three landscape types, with
its forest-cover estimation consequently being presented within range. In addition to estimating the
forest cover and landscape type of the areas in which the cities are located, we analyzed the forest
surface and structure within a 1 km radius around each of them. The results are listed in Table 2 and
presented in Figure 2.

Table 2. Landscape indices and primeval structure of forests surrounding the largest Slovenian cities.

Area Inh! Landscape FC3 FA% LM?> LP® cTré CH® sc!

Code City km?) 10000  Type? ) ) ) ) U G %) )
1 Murska Sobota 4.00 11.6 L Agr 15 1.14 0 100 53 88 —12 57
2.1 Maribor 2481 952 M Agr/Urb 10 12.65 30 70 71/78 83 -8 35
2.2 Ptyj 5.43 18.2 L Agr 9-34 3.16 0 100 54/73 67 -2 17
2.3 Slov. Bistrica 3.47 7.4 L Agr 29 3.95 61 39 54 89 -9 30
3.1 Ravne 2.08 7.0 S Agr 22 6.56 96 4 77/75 78 +6 0
32 Slov. Gradec 2.26 7.5 M Agr 20 3.82 76 24 77/75 85 -1 39
4.1 Celje 9.76 37.5 S Agr/Urb 2 5.50 79 21 74/73 84 -1 86
4.2 Velenje 7.40 25.5 M Agr 26 14.19 36 64 73 92 -5 49
5.1 Zagorije 1.48 6.4 Forested 24 8.00 91 9 58/59 73 +9 88
52 Trbovlje 3.39 15.2 S Agr 24 11.55 91 9 75/59 69 +5 86
53 Litija 1.63 6.5 S Agr 5 6.32 99 1 75 84 +4 9
6.1 Krsko 4.24 7.1 L Agr 21 7.15 81 19 73/55 79 +1 56
6.2 BrezZice 2.20 6.6 L Agr 21 1.03 28 72 53/55 34 +3 82
7.1 Kocevje 2.58 8.7 L Agr 4 4.00 87 13 64 33 +17 41
7.2 Novo mesto 6.51 233 L Agr 29 10.65 47 53 55/54 77 +3 46
8.1 Kamnik 3.67 13.6 L Agr 33 7.24 86 14 75/74 84 0 16
8.2 Menges 1.61 6.1 L Agr 33 1.57 98 2 74 80 +3 99
8.3 Domzale 5.09 12.4 L Agr 33 2.33 45 55 74 71 +1 16
8.4 Ljubljana 59.76 2722 L Agr/Urb 13 49.96 71 29 75/74 80 +1 66
8.5 Grosuplje 1.68 7.1 M Agr 9 1.98 55 45 55 84 -3 12
8.6 Vrhnika 3.14 8.4 S Agr 8 4.15 82 18 55 35 +13 49
8.7 Logatec 2.89 8.9 S Agr 12 11.44 97 3 64 31 +35 32
9.1 Jesenice 4.83 134 S Agr 10 17.57 98 2 63/59 71 +14 33
9.2 Kranj 7.55 36.9 M Agr 43 4.92 44 56 71/54 47 +5 45
9.3 Skofja Loka 2.17 12.0 M Agr 20 5.61 95 5 55/75 92 -5 37
10 Postojna 2.68 9.2 M Agr 16 7.44 86 14 56/64 14 +36 32
111 Ajdovscina 2.07 6.6 S Agr 11 3.48 98 2 56 3 +28 48
11.2 Nova Gorica 5.19 13.2 M Agr 34 7.79 95 5 54/56 59 +10 47
12.1 Izola 2.12 11.2 L Agr 25 0.84 0 100 56 15 +5 55
122 Koper 5.67 25.0 L Agr 25 0.80 0 100 56 7 +2 45

! Inh—number of inhabitants per city in 1000; 2 landscape type in the areas in which the cities are located—Large (L),
Medium (M), and Small (S), according to Firm and Pirnat [38]; 3 FC—forest cover and forest area (* FA) in the cities
and within a 1 km walking distance around cities; 5 LM—share of urban forest area in the forest matrix or in the forest
patches (¢ LP); 7 EST—forest site types according to Kutnar et al. [53]; 8 CT—share of forest continuum area within a
1 km walking distance around cities; 9 CH—changes of forest area in the last 200 years; 10 5C—ghare of forest area
with less than 30% of foreign or non-indigenous tree species, according to the Slovenia Forest Service [58]. On the
carbonate and mixed carbonate-silicate rocks: 53—Forests of Quercus robur L. and Carpinus betulus L.; 54—Forests of
Carpinus betulus L., and of Quercus petraea (Matt.) Liebl.; 55—Submontane Fagus sylvatica L. forests; 56—Forests and
woodlands of thermop. Broadleaves; 58—Fagus sylvatica L. forests in shady sites; 59—Thermophilous Fagus sylvatica
L. forests; 63—Montane Fagus sylvatica L. forests; On the silicate rocks: 71—Forests of Carpinus betulus L. with
Quercus p.; 73—Submontane Fagus sylvatica L. forests; 74—Acidophilous Pinus sylvestris L. forests; 75—Submontane
Fagus sylvatica L. forests; 77—Forests of Abies alba Mill., and of Picea abies (L.) H. Karst; 78—Montane Fagus sylvatica
L. forests; 64—Forests of Fagus sylvatica L. with Abies alba Mill.
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Figure 2. Maps of the selected study areas (Celje, Murska Sobota, Kamnik) with urban areas and forest
patches. Cities are surrounded by a delineated area of a 1 km walking distance from the built-up area.
Persistent forests represent the continuum of the natural environment in a 1 km walking distance area

of the cities.

While the surrounding forest cover of the cities situated in so-called small agricultural landscapes
can be relatively small—sometimes even less than 10% (e.g., Celje, Litija, Kocevje, Grosuplje,
Vrhnika)—forests falling within the radius belong predominantly to the forest matrix, which indicates
the special position of the abovementioned cities. They are situated on a flat surface, and the
agricultural landscape in their vicinity is relatively simply rounded. However, not far from the
edge of the cities, the flat surface gives way to a hilly landscape unsuitable for agricultural purposes
and consequently covered with forests. These forests both lie close to the cities and form a forest matrix.
They are interesting not only because of their recreational and diversity functions, but also because
they are usually well-preserved and have a high share of primeval structure [12,13,38].
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The second group is comprised of cities situated mostly in large agricultural landscapes, with a
forest cover of above 10% to as much as 25%—however, all the forests are distributed in the shape
of patches (Murska Sobota, Ptuj, Izola, Koper). Murska Sobota and Ptuj lie in the most agricultural
part of Slovenia, where forest patches function as so-called stepping stones and have an emphasized
diversity and climate function as well as a recreational function due to their proximity to urban areas.
Izola and Koper lie on the Slovenian shore in a Mediterranean landscape, where forest is scarce and
pushed to less favorable surfaces in order to make way for human settlements, but retains its diversity,
climate, protection, and recreational functions.

The third group includes cities with an elongated, even amoeboid shape, resulting in a relatively
high forest cover in their vicinity [37] as they stretch across a prolonged surface (Domzale, Kamnik,
Velenje, Trbovlje). Again, these cities are typically situated in lowland areas, but come very close to the
hilly forested landscape with an emphasized recreational, diversity, and climate function.

Due to the position of the cities in the landscape, the forest cover within a 1 km radius,
also regarded as the approximate walking distance of the inhabitants, was mostly increasing over
the last 200 years (Table 2). Cities usually expanded at the cost of agricultural land, and more rarely,
urbanization processes included clearing a high share of forest land (e.g., Murska Sobota, Maribor,
Slovenska Bistrica, Ptuj, Grosuple, Skofja Loka). Based on the comparison between land uses registered
in the Franciscean cadaster from the beginning of the 18th century and the current forest expansion
in this peri-urban area, we estimated a high share of primeval or persistent forest land. In 20 out of
30 analyzed largest Slovenian cities, the share of such land even exceeds two thirds.

Preservation of the species structure in these forests is favorable as well (the share of foreign
or non-indigenous tree species is less than 30%), even though the geographically small space is
intertwined with forest sites ranging from thermophilic deciduous forests (forests and woodlands
of thermophilous broadleaves) in the area of the coastal cities (Izola, Koper) to montane beech
forests (Jesenice, Maribor). In the vicinity of the cities otherwise situated in extensive agricultural
landscapes (Murska Sobota, BreZice), we even estimated the remains of lowland floodplain forests
(forests of Quercus robur L. and Carpinus betulus L.), a rare occurrence in Slovenia—as well as other
European countries. In nine of the analyzed areas, the mapping of potential natural vegetation and the
comparison with the current species structure of forests have shown the predominance of a favorable
species structure in more than half of the forest sites. In the vicinity of 13 cities, forest stands with a
well-preserved species structure encompassed at least one third of the forest sites.

4. Discussion

Analyses of landscape structure and fragmentation due to urban development, land-use changes,
and transportation infrastructure can provide information and practical guidelines to be included
in land-use planning and decision-making processes in an ecologically meaningful way. According
to a comparative study of 15 European urban landscapes, the increase in the built-up areas over the
last 50 years have primarily enfolded the formerly agricultural land [61], similar to the results of our
study (Table 2). Typically, agricultural land was better suited for construction than forest surfaces were,
while the natural areas were protected against urbanization. One half of the analyzed European urban
landscapes [61] displayed an over 90% high share of discontinuous and dispersed new housing areas
experiencing urban sprawl. Urban development dispersed in this way may have a strong impact on
the connectivity of forests and natural areas even though it may not significantly change them in size.

In addition to urban areas of the largest European cities (over 450,000 inhabitants) and capital
cities [4,61], the intense urbanization was identified as the driving force of landscape change in the
high-value landscapes, where new built-up areas have mainly been acquired at the expense of arable
land [62]. The scale of the urban population was similar to our study, predominantly encompassing the
cities with less than 15,000 inhabitants. Despite traditionally scattered settlements and the development
of larger urban centers along highways, the majority of the largest Slovenian cities are surrounded by
forested matrix. In the last 200 years, a decrease in forest cover and increased fragmentation of forest
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patches were the most distinct in the north-eastern part of Slovenia, where large agricultural landscape
types prevail (Table 1). In most of the suburban areas and agricultural landscapes, the pressure of
urbanization and infrastructure on forest space was less profound. The results confirm the findings
based on effective mesh size landscape metrics. Most of the urbanization and associated fragmentation
due to transportation is located in the lower elevation valleys, where agricultural areas are covered by
a dense network of minor roads [24,25].

In the last decade, the urbanization process in Slovenia was most strongly affected by the
construction of the highway network (Figure 1) and the expansion of commercial and industrial
centers in peri-urban areas [28,63]. As presented in a study of 202 European cities [4], residential
urban areas seem to increase regardless of population changes. This can be attributed to a growing
number of households demanding larger living spaces. The role of urban nature and urban green
infrastructure has become important to dwellers of the contemporary urban society [64], where citizens
derive physical and mental health benefits and other “ecosystem services” from urban and suburban
green areas.

In spite of the high amount and official integration of green areas in the Slovenian urban-planning
documents, their natural assets were not optimally utilized. In the city of Ljubljana, the connectivity
changes and loss thereof during two different periods between 1975 and 2012 were presented with
a spatial model [13], intended to assist landscape planners in identifying and analyzing the critical
elements of the changing landscape. Considering the small number of forest clearances conducted in
the last decade, it is imperative that the urbanization processes influencing the suburban environment
identify critical points in space that are crucial for the preservation of connectivity in urban and
suburban forests. These changes result in an increasing demand for new knowledge on forest structure
and ecosystem services, as well as new challenges for the scientific community to analyse the data and
synthesize knowledge, informing decision-making on governmental and non-governmental levels.
Our study presents a methodological framework to be used in the assessment of the forest continuum
and preservation of urban forests with close-to-nature tree composition. Since these forests differ in
species composition and ecological conditions, we propose the estimation of their conservation status
and proper management regimes based on forest site typology [53].

In the majority of the European states, the typology of forest sites became a starting point for
the stratification of forest surfaces into smaller, ecologically more homogenous units, enabling easier
analysis, interpretation, and presentation of the characteristics of the forests and providing us with
invaluable data, especially regarding their biotic diversity [65]. As in larger countries [66], it is unlikely
that in Slovenia, geographically equipped stratification processes at the regional scale could efficiently
substitute detailed land-use mapping. The shares of unexplained variation in the estimation of forest
cover and other prevalent land use in Slovenia exhibit high variability within statistical regions, as
well as spatial units formed on the basis of different typology groups of forest stands [22].

However, in the last decade, detailed land use and land cover mapping contributed to the
development of numerous concepts of monitoring and sample evaluation of landscape structure,
variety, and changes that exceed the mere collection of data from land use records [67-69]. Much like
in the other countries [70,71], where conditions and changes are assessed within sampling blocks
or kilometer-large squares, intensive work in the sampling areas ensures higher accuracy, especially
concerning the comparability of land use data in different time periods. Up until now, the Slovenian
methodology of selection and defining categories of land use was adjusted to the measures of the
EU’s common agricultural policy, and as a result, the data obtained in the last decade could not
be directly applied to the analyses of land-use changes [72]. Based on the acquitted data, however,
it is now possible to build spatial models and establish the concepts of landscape structure and
the preservation of connectivity between forest patches of urban and suburban forests in order to
support the conservation of biodiversity and the adaptation of the local environment to climate
change, promoting the green economy and increasing social cohesion for the well-being of the general
populace. Such a development is strongly recommended for mutual responsibility and cooperation
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between the governmental and non-governmental sectors in urban green space planning, governance,
and management in order to avoid the shortcomings of the instrumental top-down planning processes.

5. Conclusions

The intent of the presented landscape typification and forest continuum estimation in urban and
peri-urban landscapes was to demonstrate the landscape ecological reference points regarded as a
considerable step forward to offering urban forestry an alternative active role in shaping urban green
spaces and to preserve persistent urban and suburban forests. Based on the analysis of the 30 largest
Slovenian cities, we determined that the majority of them are still surrounded by forested matrix.
The methodology adopted in the present study allowed us to determine and quantify persistent forests
located within urban and peri-urban landscapes to enable the inhabitants daily access to the pristine
natural environment.

Over the last 200 years, cities usually expanded at the cost of agricultural land—and more rarely,
urbanization processes included clearing a high share of forest land. Despite the favorable spatial
distribution of forests in urban and peri-urban areas, it is important to recognize the contribution
of individual forest areas to the overall landscape connectivity and the biotic value of preserved
forest-stand composition, which would protect them from land-use changes.

The present study suggests that nature preservation and connectivity changes in the landscape
can be presented by a spatial model based on the analysis of the continuum of the forests, share of
preserved tree-species’ composition, and the spatial position of forests in the landscape structure.
The intention of the model is to support decision-making in landscape-planning and conservation
of the natural environment, and also to support forest ecosystem services in urban and peri-urban
landscapes. Therefore, we propose the following practical guidelines for decision-making processes in
urban forests:

(1) The preservation of urban forests with close-to-nature tree composition;

(2) The preservation of older urban forests;

(3) The preservation of areas with persistent forest cover;

(4) The preservation of green infrastructure networks, supporting connectivity between urban forests
and sub-urban green areas.

In this way, we are co-building governance approaches so that they are sustainable and can
support present and future ecosystem services for environmental circumstances that are unpredictable
and uncertain. Such an understanding of urban forestry can help to mobilize social capital in urban
and suburban green areas.
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