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1 ABSTRACT

Peri-urbanisation is a phenomenon taking placedwode and affecting not only large cities but adsaaller
towns and settlements. The diverse set of actyilend uses and processes, which are charactdosti
peri-urban landscape, are often poorly regulatedl gplanned by the spatial planning and development
policies. This may give way to interests of indivadl investors, which are rarely supportive of preisg
green open spaces to serve the population for lgieirre and recreational purposes. In this paperfocus

on the unbuilt spaces of the peri-urban landscayk their role for retaining a sense of place ofaloc
inhabitants who use this landscape for their leisamd recreational purposes. This study approadtiges
sense of place (SOP) as a category of the culbm@dystem service framework. SOP has previouslg bee
highlighted as a specifically difficult category twe directly quantified and assessed with stansleddi
procedures, and is therefore poorly integrateama$cape and management plans. Accordingly, tinity $6

an attempt to set a basis for the SOP indicatorsldement in the peri-urban landscape by (1) expdpand
clarifying the notion and spatial characteristi€she peri-urban landscape, (2) identifying spapi@nning
actions and their influence on the peri-urban lasé and functioning, and (3) exploring possibditfer the
cartographic representation of SOP in the peritutbhadscape. We conducted a literature review, mect
analysis and spatial analysis in three case stitids ¢n Slovenia: Ljubljana, Kranj and Koper. Them
developed a framework for peri-urban landscape adtarisation and applied it to case studies. We
compared results with the characterisation of the-yrban landscape in formal documents and idedtif
spatial actions and their influence on the peranrtand use and perception. Finally, we evaluateetier
the proposed framework could help in identifyingas according to their SOP potential and in devwedpp
SOP indicators for preserving peri-urban open spémeits users. Our findings can facilitate incangging
information on SOP in a format that can be usedityyauthorities and spatial planners in the foratioh of
spatial planning measures and guidelines.

Keywords: cultural ecosystem services, sense oeplaeri-urban landscape, mapping approaches, rééove

2 INTRODUCTION

Peri-urban landscapes, located at the city’s edge,a collection of ecosystems supporting bioditers
wildlife habitat, flood protection, local climateegulation, oxygen production, recreation and other
regulating, provisioning, supporting and culturabgystem services, as MEA(2005) defines benefiistwh
are provided to humans by nature. There is evidehat people value these areas for various reasons,
including the naturalness and spaciousness ofupeain green open spaces (Neuvonen et al. , 200d), a
leisure and recreation (Cadieux, 2008; Neuvoneli.et2007; Palang et al. , 2011; Tyrvéainen et aD07),
which has become even more evident during the CEGMMbckdown when people, measures allowing, fled
to the semi-natural green spaces for outdoor réoreand leisure as a substitute for closed-dovadodn
recreation centres. In Slovenia, too, when thectst measures limited people to movement inside th
municipality of residence only, the semi-naturadegr spaces outside towns became popular destigdtion
outdoor recreation (Ugolini et al. , 2020; Zlend&rGemin, 2023). Clearly, people migrate from urban
centres to urban edges to be closer to green guees (Piorr, Ravetz, Tosics, et al. , 2011). Harnev
unless such actions are planned and regulatedctreiead to negative consequences such as oveliogpw
of green spaces for leisure use, diminishing pedyan biodiversity and even accelerating peri-urkation.

This study is focused on the unbuilt spaces optireurban landscape and their role in sense aep|&80OP)

of local inhabitants who use this landscape foir tleésure and recreational purposes. It investigsOP as

a category of the cultural ecosystem service (CEBhework. SOP has previously been highlighted as a
specifically difficult category to be directly qué#red and assessed with standardised proceduses, for
other ecosystem services (ES), and is thereforeypodegrated in landscape and management plaos. T
investigate the problem of poor inclusion of SOPfanmal spatial plans, we set the following reskarc
question: Can characterisation of the peri-urbamdaape help in recognising spatial patterns itidiga
valuable places for SOP as a CES category?
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Accordingly, this study is an attempt to set a $dari indicating valuable places for SOP in thei-peban
landscape by (1) exploring and clarifying the notand spatial characteristics of the peri-urbanidaape,

(2) identifying spatial planning actions and thieiluence on the peri-urban land use and functignand

(3) exploring possibilities for the cartographigpmesentation of SOP in the peri-urban landscape. We
conducted a literature review, document analyst spatial analysis in three case study cities avSiia:
Ljubljana, Kranj and Koper. We then present thenfawork we developed for the characterisation of the
peri-urban landscape and its application to thee cstadies, results obtained, and an evaluatiorhef t
proposed framework for developing SOP indicatorparf-urban open spaces. This paper is the fiegt st

a project which will explore CES in the peri-urbmdscape and develop a valuation framework for
landscape planning and policy.

3 LITERATURE REVIEW AND RESEARCH APPROACH

3.1 Approaches to characterising peri-urban landscape

The peri-urban landscape is a complex and multtfanal system with specific features and several
dimensions which should be taken into accountammping of this space (Filyushkina et al. , 2022tt&o et

al. , 2023). To achieve a clearer definition of gegi-urban landscape, scholars to date have eglssues

of terminology and understanding the differenceveen different spatial entities (Simon et al. , @0@he
driving forces behind peri-urbanisation(Aalbers 8kerberg, 2013; Piorr, Ravetz, & Tosics, 2011),qbs8-
urban issues occurring due to different stakehsldmterests, such as land ownership conflictsdlan
consumption, decreased biodiversity and lack ofliputervices (Cattivelli, 2021; Dadashpoor & Ahani,
2019; Kristensen & Primdahl, 2020) and its low itkynand recognisability (Qvistrom & Saltzman, 2008
Shoard, 2000). The latter, especially, is importéort the exploration of sense of place of different
stakeholders and its role in characterisation efari-urban landscape.

In the Slovenian context, Mard3et al. (1998) have prepared a division of the wh8lovenian territory
based on landscape patterns, which reflect spatiidd with relatively homogeneous landscape feature
Their criteria were based on the level of natueservation, variety of landscape features, spatddr and
harmony. In their division, the peri-urban landssap characterised as a “generic pattern, whichbeas
altered by human interventions to the extent thedbes not reflect any local specifics anymore” (i et

al. , 1998 p. 64). Reviewing further literatureffetient interpretations of the peri-urban landscape
approaches to peri-urbanisation can be found. &singly popular are studies which deal with definin
physical boundaries. Scholars have taken diffecatdria to demarcate the peri-urban landscape ngrtiee
most popular being population density (Piorr, Rayvét Tosics, 2011), land use (Aguilera et al. , 20k
combination of land use and population density (@dves et al. , 2017; A. Wandl et al. , 2017) or an
addition of several more specific criteria suchteggerts’ opinions (Gottero et al. , 2023). It sliblké noted
that consensus regarding such demarcation hashbdegn reached and, according to Mortoja et GRQR

is not even possible. Accordingly, we focus ouroeff on characterising the peri-urban landscape in
identifying patterns of peri-urbanisation rathearihtrying to fix its borders. Planning the peri-amb
landscape greatly refers to planning its open spatkich (will) form green infrastructures of cgiand the
production of goods and ES. These, together witimmphg of built-up tissue, require holistic polgiand
regulations (Gottero et al. , 2023). For these aessunderstanding, identifying and defining peban
spatial patterns through place-based approach aeseary to understand the complexity of peri-urban
landscapes (Gottero et al. , 2023). Specificallyalgishing land use rules for peri-urban areasusial for

ES preservation. Accordingly, we developed a reple method to identify peri-urbanisation in a &jat
planning context of municipal and supra-municigadt&l planning.

3.2 Sense of place as a category of cultural ecosystearvices

SOP has been suggested as a valuable approackets and understand the complex subjective relation
between people and place (Stedman, 2016) and ibées proved useful in the exploration of peri-urba
green open space users and SOP too (Zlender & G&0®d). One of the most widely used definitions of
SOP comes from Tuan(1977) who defined it as theninga and attachments people attribute to place. It
addresses the emotional, symbolic, and spirityagts of places. According to Relph (1976), SO&bisut

a person's understanding of a place; it involvggeagnce and a subjective dimension. Conversegdrgan
(2003), Twigger-Ross and Uzzell (1996), and Hidadgd Hernandez (2001), among others, argued that th
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construction of meaning is, beside individual, ats@womposition of social interaction and the plaisic
characteristics of the environment. We proposedtfanition of SOP as a complex affective bond betwe
people and a specific location. The specific lanatithe place, is determined by geographical lopati
material form and investment with meaning and véGieryn, 2000).

A number of factors can influence the formatior8@P and have been explored, among which the at#gbu
of a place, such as (lack of) accessibility to @eland geomorphology (Koohsari et al. , 2023; déer&
Gemin, 2020), arrangement of architectural elemémtthe streetscape(Hu & Chen, 2018) or level of
shoreline development (Stedman, 2003). Other dudged different methodologies to measure people’s
attitudes towards planned changes in the landsedupgh can be negative or positive. Examples include
coastal restoration(Hawthorne et al. , 2022), damstuction (Ganzevoort & van den Born, 2019), and
changes in water quality (Mulvaney et al. , 2020).

The reviewed literature indicates the value ofgpatial assessment of SOP for informing spatiairptey of

the peri-urban landscape. The integration of shatcial and perceptual data into land use plancin
enhance the understanding of reasons and impacthasfge (Ryan, 2011) and improve people’s pro-
environmental attitude (Zlender & Gemin, 2020). ISuoformation can thus help spatial planners to
integrate social values in spatial planning, whghsually based on biophysical indicators (Gottiaetl al.
2021) and prioritises effective policy responsesrisure the sustainable future of the peri-urbaddeape.

The ecosystem services framework is an attemptttoduce both biophysical and individual, subjestiv
perceptions in landscape planning. Accordingly, ednternational classification systems, such as MEA
(2005) or CICES (2013) include also CES which rdafethe non-material benefits people obtain from
ecosystems. Although the ES framework has beerprés research and used in spatial planning atidypo
for a number of years now, the integration of CEB8gories in landscape planning and policy, esfhecia
categories such as sense of place, spirituality identity, has fallen short, the main problem bethg
ambiguity and lack of clarity in defining these cepts (Cheng et al. , 2019; Feld et al. , 201@&niHiger et

al. , 2013). While acknowledging definitional vagess as one reason for the neglect of some cagsgufri
CES, we suspect that the key reason is that matgrioes of CES cannot be directly quantified asdssed
with standardised procedures and are thereforeypouegrated in landscape and management plars. Th
literature confirms the lack of quantifiable CEStajaand that the small number of available indisato
cannot be measured directly (Feld et al. , 201Q/keaet al. , 2012), with consequent difficulties fo
mapping.

CES has received even less attention in investigatof peri-urban issues, especially with regardh&
attitudes of local users to peri-urban open spa@ég problem is compounded by the indeterminate
character of the peri-urban landscape and the mgack of interest in peri-urban issues. Previmsearch
highlighted two difficulties that experts encounierdeveloping guidelines and policies in relationperi-
urban space(Zlender, 2021b, 2021a): the diversitgrons used to demarcate the peri-urban landseaye,
the lack of knowledge of what is perceived as adient landscape that will be developed in theréutwy

the government, the planning profession and thempublic. In combination with weak land use piiaig,

the lack of interest in the current state of thgs&ces exacerbates the consequences of urbancgiasif

as the shortage of ES in cities exerts increasiagspire on peri-urban landscapes.

In this study, we investigate SOP as a categor€B§, but we do not emphasise the non-materiality,
intangibility and subjectivity of CES which refletite difficulty of incorporating CES into the ecesym
framework, where the use of quantitative methodsvaits (Ryfield et al. , 2019). As emphasising this
weakness may inhibit the ES framework as a decisiaking tool, we focus here on finding different
patterns and work towards defining a tangible amssuarable component to understand the people-nature
relationship(Gottwald et al. , 2021; Stedman, 2016)developing our conceptual and methodological
approach, we rely on the CES definition of Fislaletas “a concept around which researchers angidaci
makers can understand ecosystems in terms oflifieeémriching and life-affirming contributions touman
well-being. . . encompassing a broad symbolic, B&pgal and virtuous realm of human interactiomsl a
understandings of the natural environment’(Fisklet 2016, p. 208). Accordingly, we examine SORaas
material phenomenon, which reflects the relationdmetween determining biophysical conditions of a
particular location and social and cultural comdits of human habitation (Ryfield et al. , 2019).
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Operationally, we do this by drawing upon the idfeattion of land use characteristics, spatial grais and
planned actions in the peri-urban landscape, agitled below.

3.3 Research approach

We built our methodology on three main steps. Fivased on the predefined criteria, we identifiattggns
of peri-urbanisation in each of the case studyesiand identified areas with different SOP. Seggnae
analysed the municipal spatial plans of each oitgéntify the peri-urban landscape and meaningguls of
the peri-urban landscape for its users and lociteats. Finally, we compared the outcome and tselec
measures which can be useful in developing SORatalis for each case study.

4 METHODOLOGY AND ANALYSIS

4.1 Case study cities

We selected Ljubljana, Kranj and Koper as all troées have been previously identified as beirfgciéd

by peri-urbanisation. Ljubljana is the capital dadyest city of Slovenia, and a subject to periamibation
due to in-migration and a consequent need for namwgihg, along with the expansion of economic atitisi
and infrastructure on the city edges. The cityergis threatened by sprawled development and other
negative effects of urbanisation and peri-urbamisain the absence of comprehensive planning. Kazaoj
Koper represent average-sized Slovenian towns avtilstorical city centre and (sub)urban growthratte
second world war. Both are considerably smallen thaubljana, but regional cores and thus important
economic, cultural and social centres. Both Kramjl &oper are faced with housing and infrastructure
development pressures, which mainly affect aguealtland (K. Nilsson et al. , 2013; Spyra et é&021).

All three cities have been also a subject to variprojects investigating peri-urban issues (foaitiet see
Piorr, Ravetz, Tosics, et al. , 2011; RENATUR: loyng Regional Policies to Better Protect Natural
Heritage of Peri-Urban Open Spaces, 2023; Zleigfi] a).

4.2 The content analysis of spatial plans

In Slovenia, the importance of recognising (C)ESspatial planning and policy is stressed in several
strategic documents on national and regional legelg. : Spatial Planning Strategy of Slovenia 2050
Regional Development Programme of the LjubljanaddriRegion, 2020; Spatial Planning Strategy of
Slovenia, 2004, mostly in connection to green #tfiacture and referring to EU Green Infrastructure
Strategy (European Commission, 2013). In Slovesyatial planning on the local level is regulatedhwi
municipal spatial plans (OPNs). These plans shbelgrepared by each municipality and revised within
certain time periods; however, a considerable nunabemunicipalities is still without a valid OPNn|
existing OPNSs, the peri-urban landscape is raraptioned and (C)ES even less (Zlender, 2021a),itdesp
above-mentioned strategic documents stressingmpertance of recognising (C)ES in spatial policheT
problem often lies in lack of data and expert kremgle for envisioning long-term sustainable devekapm
For the analytical purposes of this paper, we peréal a content analysis of OPNs of all three casdys
cities.

4.2.1 Ljubljana

With 293,820 inhabitants (Stati&ti urad RS, 2023) the municipality of Ljubljanatiee most populated
Slovenian municipality, although geographically, sh@f its population is concentrated in the city of
Ljubljana, while its eastern part is of rural claes. The city of Ljubljana has a star-shaped molqdy
with development along the main roads and five greedges in between, connecting the green hintkt@an
the city centre. Its structure reflects the higtaridevelopment of the city, with visible tracestbe urban
structure and tissue of all main historic periogO(, 2010). Throughout the 1990s, Ljubljana hasrbee
subject to sprawled development, mainly in a fofmacge shopping centres, hypermarkets, outletsuie
activities (multiplex cinemas, restaurants, speszal shops),housing and transport, due to the abs#ryet

to be established new spatial legislation and ntatkieen economy. Primarily affected were city-edge
greenfield and arable land (Pichler-Milangvi2005). The Municipal Spatial Plan (OPN)(MOL,
2010)entered into force in 2010. The OPN recognsegeral problems in relation to past sprawled
development of Ljubljana, among which, most relévian this study, are the loss of local and nationa
identity of settlements due to new (sprawled) depelent that often ignores natural forces as well as
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traditional settlement characteristics, togethehgrivatisation of open space. The OPN specifies peri-
urban areas and their future development. FirgdtdsSava river area, its hinterland and the Ljulajalain,
which, due to its role as a main air ventilatiomrictor of the city, should preserve its open spacd limit

the urban development. The development of recreatithin the two green wedges located on this dtes,
preservation of the cultural landscape and thefj@apobrava landscape park should be emphasised.
Secondly, the use of Ljubljanskobarje (Ljubljanarshd for (mainly extensive) agriculture should be
preserved, and spatial interventions around sylitéts should be monitored since they are an irtgoar
identity element of Ljubljanskobarje. Urbanisatisimuld be limited, if not prevented. The developtran

the third area, Posavskohribovje, should be basedgoicultural activities, alongside the developmen
tourism and recreation and new urban developmentldhbe limited. The emphasis on the agricultural
development is foreseen also for the fourth arba, Polhograjskohribovje. It should be noted that
terminologically the OPN understands the peri-urbandscape as the recreational and semi-natural
hinterland of the city. Cultural landscape areasosunding Ljubljana city, solitary hills, parks, ubljana
circular path (PST) and water bodies are identiiscelements and areas which should be presenestbdu
their important role for people’s identity and se$ place.

4.2.2 Kranj

With its area of 151 km2 and a population of 56,{8t&tisttni urad RS, 2023) the municipality of Kranj is
the third largest municipality in Slovenia in terwfspopulation. Around two thirds of its populatibwves in

the city of Kranj. Its medieval town centre is l@dt in a narrow area between the Kokra and the 8aers

in a characteristic pyramidal shape and promingpityined height dominants. In time, the city hasagp
out towards the suburban settlements on the Krasg§ekSko polje (plain) east of Kokra towards the
northeast and on the right bank of river Sava. Titye is divided into several distinct areas duethe
morphology of the terrain(MOK, 2014). The Municifatial Plan of Kranj (MOK, 2014) understands the
peri-urban landscape as a multifunctional spacechvisiccommodates both urban and rural uses. More
specifically, the development of Kranjsko polje slibbe focused on the preservation of the cultural
landscape by interlinking agricultural and foresagtivities, and accommodating housing and comrakrci
activities/The Sorsko polje should preserve its-pdyan characteristics, which combine the distidiu of
smaller settlements with the interlinkage of arafiddds and forests. Due to its vicinity to theycithe
development should emphasise the recreational ifursctof Sorsko polje. Skofjelodkohribovje should
develop multifunctionally in the areas around thevés river, while areas further from the city should
preserve their rural character, alongside withdbeelopment of tourism, sports and recreation. O
does not mention any specific areas, elements asunes regarding the presence or importance deenie

of place or identity, but it does specify qualigtaral and cultural structures and elements whidhulsl be
preserved. These pertain to the cultural landscap&orsko polje, Skofjeloskohribovje, and the herh
part of Dobrave, cultural heritage of historicatleenent cores, and natural preservation areas.

4.2.3 Koper

With an area of 304 km2 and a population of 53 @tatisteni urad RS, 2023) the municipality of Koper is
a coastal municipality surrounded by the Adriatia sn its western side. The sea, the hills an#ahs edge
are important carriers of landscape identity ahohgside the geostrategic importance of the citiKoper,
main factors to influence spatial development efiunicipality (MOK, 2022; Pintar et al. , 2013hél city

of Koper accommodates about half the municipal fgpn and is characterised by a compact medieval
town centre, historically dating from Venetian ten¢he port area and the former area of salt plaumgsh
were filled in between the wars to join the islaiosvn centre with the mainland. There has been high
pressure for urban growth in the municipality doghte attractiveness of the coastal area and ttsepce of
the port. The challenge is how to balance urbaramsipn and the protection of open space for aguall
and leisure purposes(Pintar et al. , 2013). Subnishtion is most evident in the urban fringe and i
settlements close to Koper, mainly due to lackusficgent housing capacity, a higher living stardiand a
changing socio-economic situation in the urban z&@wunversely, the rural hinterland has been stinggl
with a shrinking population in settlements, abamdent of agricultural activities and consequent gore
overgrowth (Pintar et al. , 2013). Within the PLURIBroject, three main land use issues have been
identified: land pressure due to housing and imchistdevelopment, pressure on agriculture from tbuil
development, and possible deterioration of highueahature areas (Pintar et al. , 2013). The recentl
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enforced OPN(MOK, 2022) divides the territory ikwee belts to direct future spatial developmenthef
municipality. First is the urban belt, encompasdimg city, its immediate vicinity and the coastc&@ is
the peri-urban belt, which should accommodate &srttevelopment of housing, retail and industry, dsb
preserve agricultural activities and space for @ation. The third belt refers to settlements in theal
hinterland with lower density. The spatial and wrdt identity of the municipality should be streimged by
preserving the cultural landscape, heritage angralgprotected areas.

4.2.4 Summary

All three municipalities divide the space into thrareas: city centre, suburban/peri-urban landseaghe
recreational hinterland, and countryside. In alkéhcases, the city centre is the most precisdigatbarea.
Koper has the most precisely defined peri-urbamdaape, but the terminology used is not consistent
throughout the document and geographically somasareerlap. Both Ljubljana and Kranj define thadrip
urban landscape as an area of settlements witteddeselopment that has merged due to suburbamisati
and their recreational hinterland as an area withliurban functions with emphasis on the presamaif

the cultural landscape. The recreational functiomades with agricultural and forest areas clasehie
cities, with emphasis on the importance of non-ictivig uses and ecological functions.

4.3 Spatial extent of peri-urbanisation

This study builds its methodology upon Zlender (282 Wandl et al. (2014) and Gottero et al. (2028)0
had developed methodologies to delineate the pbarulandscape. Their methodology is refined is thi
study and adjusted according to some specific apatiaracteristics of Slovenia: e. g. , very highest
cover and Natura 2000 areas, high permeabilityn(@methe cities), relatively low population density
comparison with other EU countries. Furthermordéipas of data combination were selected in linenwlite
purpose of this study, i. e. , to identify spafiatterns with potential SOP of peri-urban landsasgeers.

The peri-urban landscape was spatially characteirs@ multiple-step procedure. We developed ibuigh
GIS tools (QGIS Desktop version 3. 28), by overiagp merging, weighting, and interpreting the most
recent and openly accessible spatial data. Intésjedata sources, we strived to use formally vehthsets,
but due to lack of some information, we also usate drom Open Street Map (OpenStreetMap Contrilsutor
2023). Before inputting data into the model, wepatded its quality and adjusted possible deficefnsuch
as coordinate system, spatial index, geometry. Mte@eaned the data’s inconsistencies and inacies@n
data collection by excluding polygons of less th@mm2. We processed this data using the "QuerydBuiil
tool before starting the analysis. This tool pregdin interface for defining filters to create teatsubsets
within a layer. The use of logical commands enalties construction of complex queries(QGIS project,
2023). Using this tool, we obtained refined datéakle for our analysis, thereby reducing the pmbii of
preserving methodological inconsistencies of thgimal data.

A pre-condition to the whole procedure was a grieation. Based on Wandl et al. (2014), we divideal t
whole territory into a 500 m x 500 m grid cells.efhwe applied all the data onto the grid layerefiiminate
methodological errors that occurred during thedfenof input data to the grid (the grid cut thpuhdata,
which resulted in the appearance of some very smadypons and lines), we first removed, within eael,
polygons with a size of less than 1% of the cek sind lines of less than 0,1% of cell size. Wentitecally
generalised land cover datasets (e. g. , we comitaliehydrological layers into a single "Water besli
layer), which enabled the consolidation of datanfrdifferent sources, simplifying the complexity ddita
sets, and facilitating spatial analysis of simdata.

We included data on population density, infrasuitestnetwork, current land cover, mix of the buiida
unbuilt areas, nature and culture protection regirireour selection of data sets, we attemptedjpduce the
specific characteristics of the peri-urban landsgcaguch as the mix of urban and rural land uses,
intermingling of built and unbuilt, the presencespecific land uses such as waste and sewage &eatm
plants, logistic centres and others. Accordinglg,grouped our data in primary and secondary camditior
peri-urbanisation. Primary conditions were: aredt \wopulation density of 150-500 persons/km2; area
with population density of less than 150persons/katfich intersect with transport infrastructure (mai
roads and railway); and imperviousness densitysafearopean Environmental Agency, 2020) of lesa tha
45%. As the second conditions, we added land colaessses, which we divided into two sub-groups: one
encompassing land cover of predominately rural attar — arable fields; meadows, pastures, and
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grasslands, bare land or scarce vegetation, owengareas, wetlands, conservation areas, water fjodie
forests; the other of predominately urban charaet@frastructure nodes; mining and brownfield site
artificial vegetation areas and paths, culturalithge, power lines, other infrastructure, non-iritedde
buildings, but excluding multi-residential builds¢for more information, see Appendix 1).

In the first step, we selected grid cells indicgtareas with population density of 150-500 perdan2and
added grid cells with imperviousness density amddess than 45%. To this new layer we added geitsc
indicating areas with population density of lesanth150 persons/km2that intersect with transport
infrastructure. In the second step, we calculdtedsum of all grid cells indicating predominantlyal land
covers and predominantly urban land covers, théiton being the presence of at least one layen igihd
cover for each urban and rural land cover in eatlh lo the third step, we intersected primary ardondary
indicators, to demonstrate main patterns of pdsanisation. Due to the latter action, the resuleew
restrained to populated areas. To achieve a margnoous area, which would also include open spéwres
leisure activities, accessible to people by foanfrtheir residencies, we added a buffer to thedls ce
indicating main patterns of peri-urbanisation. Hinave aligned the resulting indications of theripgban
landscape with a layer indicating peri-urban areaefined in the OPN of each case study municipadit
locations where the differences were not great.

4.4 The spatial patterns of SOP

To define the spatial pattern for SOP denotatios,used the method developed by Burkhard et al.9)200
which proposes assessing the capacities of theustand cover types to provide ecosystem servigesrt

from the land cover types, we included also natara cultural regimes, which were found to be ingar

for SOP development (Kopperoinen et al. , 2014).3&ted the layers of cells with generalised lamekec
types and regimes from -3 to 3 according to thesrgmuisite of being either favourable or harméustipply
SOP for local users. The scale was developed amesavere given based on selected literature (Adem
Esmail et al. , 2023; Campagne & Roche, 2018; Kogpen et al. , 2014; Luiza Petroni et al. , 2022;
Ribeiro & Hribar, 2019; Zhang & Mufioz Ramirez, 2DEhd expert assessment. The results are shown in
Table 1.

Id Generalised land cover types and regimes Score given

1 Arable land (e. g. , fields, gardens, greenhquaeeyards, orchards) 2

2 Permanent crops 2

3 Meadows, pastures and grasslands 1

4 Bare/sparse vegetation -1

5 Overgrowth -1

6 Wetlands (swamp, saltpans) 2

7 Water bodies (river, lake, sea) 3

8 Forest 2

9 Road infrastructure lines and nodes (roads,agpprt, port) -3

10 Energy and environmental infrastructure (aréanergy production, power lines, waste managemesas, etc. ) -3

11 Non-inhabitable buildings and accompanying acé&xclusive use (industry, logistic, militaryce) -2

12 Non-inhabitable buildings and accompanying afeawider use (retail, education, etc. ) 0

13 Mine, degraded and brownfield sites -3

14 Maintainedgreen areas and paths for public peekg, leisure facilities, hiking and cycle patéis,. ) 2

15 Maintained green areas and accompanying infictstie for sport and tourist use (sports facilitesdiums, camp sites, 1
hippodromes, etc. )

16 Predominantly residential and/or residentialeadtural compounds 0

17 Mixed use areas of housing and, services, rébailism, etc. 1

18 Nature conservation areas (Natura 2000, landgoarks, etc. ) 3

19 Cultural landscapes (archaeological areas, ralifandscape, outstanding landscapes, monuméats3, e 3

20 Cultural heritage settlements (historic coresilidges and towns) 3

Effect of land cover types and regimes on the prgsites for potential SOP supply: 3 = very favdulea2 = favourable; 1 = slightly favourable;
0 = no connection between the land cover type ginte, and the capacity to provide the SOP or nevegit capacity to provide the SOP; -1| =
slightly harmful; -2 = harmful; -3 = very harmful

Table 1: Potential SOP supply values.

5 RESULTS

5.1 The peri-urban landscape of Ljubljana, Kranj and Koper

The images 1, 2 and 3 present the final outpupafial characterisation of peri-urban landscape fiéwly
defined peri-urban landscape coincides with the-yodsan landscape as defined in OPNs, but not away
consistently. The results for each case are diedusslow.
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Fig. 1: The peri-urban landscape of Ljubljana. Catd background image sources: ARSO; DRSV; EEA; Geidf&mbH,
OpenStreetMap Contributors; GURS; MK; MKGP; MNVP; M@per; SURS; Uradni list; ZGS

The results indicating the peri-urban landscapkjabljana coincide with the OPN’s definition of thperi-
urban landscape in the north, where the settlenwr§entvid, Polje andrnute are located, although our
analysis indicated the extension of peri-urbargsatibbeyond the municipal border. The hills of
Polhograjskohribovje on the west and Posavskohjiban the east have restricted peri-urbanisation to
spread to the west and to the east. Our resulia alith the OPN on the south, where peri-urbarosati
occurs along IZanskacesta (road), Trzaskacestd) (@m@Crna vas (settlement). Barrier for peri-urbanisation
on the south are hills Krimskohribovje. Howevercading to OPN, the peri-urban landscape covers the
whole southern part of the municipality, where thgbljanskobarje (marsh) is located.

8 s

OpenStreetMap Contributors; GURS; MK; MKGP; MNVP; M@per; SURS; Uradni list; ZGS. Fig. 3: The perban landscape of
Kranj. Data and background image sources: ARSO; DHERA; Geofabrik GmbH, OpenStreetMap Contributors;R8; MK;
MKGP; MNVP; MO Koper; SURS; Uradni list; ZGS

Our results of the peri-urban landscape of Kopénaide with the OPN’s characterisation of the peban
landscape in the north-eastern part which coverssétittements of Dekani, Pobegi, Sv. Anton and ifgkof
The OPN indicates as peri-urban also Semedelalentfanganel valley while our results indicate as-pe
urban also the Salara area and the coastal paatdewhe western side which belongs to the muritypat
Izola.

In Kranj the analysis shows a tendency for peraaibation developing along the main roads: to trthn
in the thermal belt of Kranj below the mountaingl @around the highway junction, at train stops amel t
national airport. In the south, the whole plain gHAjsko-Sorsko polje) shows peri-urban charactessti
which is in alignment with the definition of thisem in OPN as a multifunctional peri-urban area.

5.2 The spatial patterns of SOP provision potential irthree case studies

In the three case studies, we identified spatiahsarelative to the degree of SOP provision capduosit
assigning scores of SOP provision capacity to waritand cover types and protection regimes. Here it
should be noted that we used the grid of cell $2@by 100 metres because it showed better ressibsgrid

of 500 by 500 metres cells. The images 4, 5 artb@/sesults for each case study.

In the peri-urban landscape of Ljubljana, the r@sgl distribution of spatial patterns regarding SOP
provision potential score from ‘favourable’ to gitly favourable’ occurs in most of the open grésemd,
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which aligns with green system hinterland from OPery favourable’ score was practically not pretsen
Roads and larger settlements clusters exhibit omnection to provide SOP’. There are only few angitls

a score of ‘very harmful'. These are larger arehduwlt up and infrastructure use, such as the main
shopping, business and leisure centre on the Ba&t City), mining areas and the city bypass.

y -

f at7i L ]

Fig. 4: The SOP provision potential map of Ljubjaata and background image sources: ARSO; DRSV; Eeafabrik GmbH,
OpenStreetMap Contributors; GURS; MK; MKGP; MNVP; M@per; SURS; Uradni list; ZGS. Fig. 5 and 6: Ti@FSprovision
potential map of Koper (left) and Kranj (right). faaand background image sources: ARSO; DRSV; EEAfabeit GmbH,
OpenStreetMap Contributors; GURS; MK; MKGP; MNVP; M®@per; SURS; Uradni list; ZGS.

In the peri-urban landscape of Koper, the ‘veryofaable’ spatial patterns occur in costal wetlands,
especially in Skocjanski bay nature reserve. Spaditierns of ‘favourable’ score are mainly exhebitalong
ridged hills and on the Karst edge. This is a \s§inctive landscape because it is a geologicdlcimatic
border, where the Karst plateau turns into thecfiyndscape of Slovenian Istria. Due to the scadte
settlements, which show ‘no connection to providePS the border between ‘very favourable’ to ‘no
connection to provide SOP’ is not clearly visibBpatial patterns exhibiting the score of ‘harmtal“very
harmful’ occur in the port of Koper and in induatrzones.

In the peri-urban landscape of Kranj, spatial pattef ‘very favourable’ conditions can be obsereadthe
lake Trboje on the south of the area. Spatial padtef ‘favourable’ to ‘slightly favourable’ occumostly on
the open green land, indicating generally posiémgironmental characteristics. This evaluationredigvith
green system hinterland from OPN. Railway, somellsroads, transmission lines and settlements dlsiste
show ‘no connection to provide SOP’. Industrialpgbing, retail and leisure centres exhibit ‘harrnfol
‘very harmful’ conditions.

In summary, we contend the analysis as being Jrstriative of areas regarding their potential 8OP
provision. We acknowledge that taking cells siz&@® by 100 metres improves the accuracy of thiysisa
(compared to taking cells size of 500 by 500 mgtrgiace many land cover types are not necesdarie

in size but can still have a distinctive effect ®P. This may be especially relevant for identdyareas
with ‘harmful’ conditions, which in none of studiedses appeared to be very extensive, when takididpyp

500 metres cells. We also acknowledge that theafisdifferent statistical analyses affects the nessul
considerably. The summation method exposes watkesowhile the arithmetic mean method used exposes
infrastructure and natural elements.

6 DISCUSSION AND CONCLUSION

6.1 Future actions for SOP in the peri-urban landscape

Taking the undetermined and ambiguous characté¢heofperi-urban landscape as a challenge, our study
demonstrated a scientifically guided method foiidating patterns of peri-urbanisation and assessiegs
important for SOP of peri-urban landscape users.

Our results showed that the peri-urban landscapipport CES should not include only specific fesdu
such as population density or urbanisation, bui ajgen spaces that have often multifunctional iolthe

peri-urban landscape. These open, unbuilt spaegsftiie require unitary policies and integrateds@mnd

regulation (Filyushkina et al. , 2022; Gottero ket 2023). We attempted to do this by includingaaiety of

land cover types in the analysis and creating &bafround the peri-urbanised areas to presemuplesin

landscape more holistically.
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Furthermore, our assessment of the potential af taver types and regimes to provide SOP generated
insights into the spatial distribution of areasading to their SOP provision capacity, in thresecatudies.
The used method allowed the presence of multipld tver types and regimes in one cell. and thersaom
value indicated the interrelation of individual ¢anover types and regimes. We consider such awysasal
more relevant in assessing SOP than the assesemadividual land uses, as suggested by Burkheirai.
(2009)since SOP may be more likely manifested llastically perceived landscape(Ryfield et al019).
This is especially relevant for Slovenia since liijngtructured land uses and covers are charadteoikthe
whole country’s territory. Moreover, a mosaic oftatal landscapes of intermingling land covers asés of
arable fields, meadows and forest patches are mesEx) as valuable and a carrier of Slovenian nation
identity (Golobé & Lestan, 2016). This is emphasised also in th&l©8f all three case studies. Based on
our results, we argue that the preservation ofirailiandscape should be promoted due to its higanpial
for SOP capacity.

Our study provides valuable material for desigrmimire policies with a direct impact on CES to em&
sustainable management of areas with high captcityovide SOP. Of highest importance among theam ar
the future regional spatial plans, as foreseerhbyntaitional Spatial Management Act (Uradni list/2021).

The study can also be a starting point for a widssessment of ecosystems and their services and
consequent identification of land suited for futdevelopment based on its ES potential. That safothat

the peri-urban landscape is defined by high muitfionality, thus not only conservation but alsacpfor
future urban development should be allocated th&he. combination of different land cover types and
regimes provides spatially explicit indication ogéamingful places, which could be indicators of J&Raps

et al. , 2022). Spatial planners and managers lcapesand foster place meanings by making theseglac
accessible and allowing specific uses, thus engmgahe development potential of places to elevagg
meaning and achieve more pro-environmental behayi®attwald et al. , 2021; Zlender & Gemin, 2020).
We are aware that not all land cover types or regiwithin generalised land cover types and regimes
support the same level of SOP. Assessing more fepéand cover types and regimes, adding landscape
features, points of interest and other elements podyadditional values to the assessment of SOHSO.
Nevertheless, we can evaluate the ecosystem sdraimework as having the capacity to capture eviden
of SOP.

6.2 Evaluation of the methodological approach

This study was primarily scientist-driven and lotak&holder engagement is its main limitation. We ar
aware that the values used for the SOP supply srases area theoretical estimation. However, weeraht
that the study contributes to much in demand c@pxciilding. A natural progression of the studythie
exploration of the perceptions of ES provision vilie engagement of relevant stakeholders, to exathi
extent to which the perceptions and opinions ofedént stakeholders may differ from each other, and
compare those with literature-based values andetdesived from modelling. Involving key stakeholsler
especially the spatial planners and experts, dollgcand confronting their opinions can culminate i
producing more accurate assessments and new dtravetedge, which can elaborate an approach of both
development and conservation plans and policigsbilidd consensus among stakeholders, while suimgort
the concept of ecosystem services (Adem Esmall e2@23; Filyushkina et al. , 2022).

Finally, we contend that the needs of peri-urbagnogpace users and local residents are cruciabisystem
management and spatial planning. In line with thig, actual supply of CES and use can be determined
rather than considering only the potential capacithus, our future investigations will put efforis
engaging different stakeholders in our researgbeaturban landscape.
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8 APPENDIX

Dataset (model type) Spatial data used Source Date

High Resolution Layer: ImperviousnessAreas of imperviousness of belowEuropean Environment Agency (EEA) August 2020
Density (IMD) 2018 (raster, area) 45%

Population density 500mx500m (vectar,Population density Statistical Office of the Repeblof | 2022

polygon) Slovenia (SURS)

Economic public infrastructure (vectof, Highway and main roads, railways,Surveying and Mapping Authority of the November
line) sewage, oil, thermal energy, natutaRepublic of Slovenia (GURS) 2022

gas, waste, large power lines

Records of the actual use of agricultufalll groups except built-up and relatgdMinistry of Agriculture, Forestry and Food March 2023

and forest land (vector, polygon) land and water (MKGP)

Ecologically important areas (vector,All ecologically important areas Slovenian EnviramhAgency (ARSO) July 2018
polygon and point)

Protected areas (vector, point) All protected areas Slovenian Environment Agency (ARSO) May 2010
Protected areas (vector, polygon) All protectecsgire Slovenian Environment Agency (ARSO) August 2018
Register of natural features (vectarAll natural features Slovenian Environment AgenaiRGO) April 2015
polygon)

Natura 2000 (vector, polygon) All Natura 2000 areas Slovenian Environment Agency (ARSO) July 2018
Hydrography - surface waters (vectgrAll surface water lines Slovenian Water Agency (DRS July 2021
line)

Hydrography - objects and other (vectorAll hydrography objects and other Slovenian Water Agency (DRSV) July 2021
line) lines

Hydrography - surface water (vectgr,All surface water areas Slovenian Water Agency (RS July 2021
polygon)

Cadastre of Protective Forests (vectprAll protective forests Slovenia Forest Service (JGS December
polygon) 2021
Cadastre of Forest Reserves (vectodll forest reserves Slovenia Forest Service (ZGS) ecdénber
polygon) 2005
Cultural Heritage Protection RegimeAll cultural heritage protectior] Ministry of Culture (MK) December
(eVRD) (vector, polygon) regime areas 2021

Open Street Map (vector, polygon) college, graveyaublicbuilding, | Geofabrik GmbH, OpenStreetMap 2023

school, kindergarten,  university, Contributors
bandstand, sauna, naturereserye,
outdoorseating,schoolyard, campsite,
picnicsite, themepark, viewpoint

Building land records (vector, polygon All buildjdand records areas Ministry of Natural Resourras Spatial| 2023
Planning (MNVP)

Real property records (vector, polygon| All readperty records areas Surveying and Mapping Authaftthe | 2023
Republic of Slovenia (GURS)

Decree on the Municipal Spatial Plan pfAreas of spatial development The Official Gazetfethe Republic of| October 2010

the Municipality of Ljubljana Slovenia

Decree on the strategic spatial plan|oAreas of spatial development The Official Gazetfethe Republic of| October 2014

the municipality of Kranj Slovenia

Decree on the municipal spatial plan [ofAreas of spatial development Municipality of KogtOK) January 2022

the municipality of Koper

Base maps

Digital orthophoto Orthophoto Surveying and MagpiAuthority of the| 2023
Republic of Slovenia (GURS)

European Digital Elevation Model (EU- Terrain European Environment Agency (EEA) AprillB0

DEM), version 1. 1

Real estate cadastre Distribution of all built-tnp&tures Surveying and Mapping Authority of the2023

Republic of Slovenia (GURS)
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